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ERRAT A . 

Pag--e 70 : 

E. H. SELLARDS advised the writer that the effect of his paper in the 
September Bulletin of the American Association of Petroleum Geologists, 
1931. p . 1038, and the statement on page 70 in this treatise , is to credit 
the discovery of overthrusting in the Solitario region to C. L. BAKER, but 
that this is incorrect , since overthrusting in that region was made known as 
the result of work by SELLARDS, ADKIN S and ARICK, and is shown on maps 
which these authors have placed in circulation during 1930. 

The writer wishes to correct th is unintentional oversight. 

Page 87, footnote : 

SIDNEY POWERS advised the writer that the statement credited to him . 
that geophysical evidence suggests that the Appalachians continue in the 
subsurface towards New Orleans, was not based on personal observation . 
but that this fact had been communicated to him and he has not been in a 
position to check this information . 





ABSTRACT. 

This treatise is a synopsis of the late-Paleozoic orogeny in the South­
Central States of North-America . Numerous recent papers by American 
geologists, and personal work of the writer and his collaborators, are 
coordinated into as complete a picture as our present knowledge of the 
largely buried late-Paleozoic chains and their foreland, along the south­
eastern rim of Laurentia, permits. 

Two independent mountain systems are distinguished: 
1. The WICHITA-SVSTEM , comprises the Wichita Mountains, the 

Crin er Hills , the Arbuckle Mountains, the buried folds along the Red River, 
including the Muenster Arch, and the equally buried Amarillo Mountains. 

These folds , though belonging to the Permo-Carboniferous cycle, origi­
nated within an intra-continental. pre-Mississippian geosyncline, in which 
the major accumulation of predominanrly marine limestone sediments was 
pre-Devonian. 

This system strikes generally East-West and WNW -ESE. 
It meets nearly at right angles the front of the second complex: the 

considerably more important Ouachita system. 
2. The OUACHITA SVSTEM (in a wider sense). is a large arcuate feature, 

of which only a small portion of the widely overthrust outer rim of 
the northernmost loop is exposed in the Ouachita Mountains of 
southeastern Oklahoma and central Arkansas. Most of this system is 
buried, but the writer believes that the folds exposed in the Marathon UpliEt 
in Southwest-Texas belong to the southwestem extension of the same 
system, which in Oklahoma and Arkansas is itself an extension of the 
southem Appalachians, which disappear in Alabama under the Cretaceous 
blanket of the Gulf Coast Plain. 

Unlike the Wichita complex, the Ouachita ranges originate from 
an inter-continental Carboniferous geosyndine, with major post-Devonian 
deposition, principally in the latest Mississippian and early-Pennsylvanian. 
The facies of the pre-Pennsylvanian rocks isalso intrinsically different. 
The exposed portion consists of great overthrust masses , of a type that 
can best be compared with the northern front of the European Variscan 
Mountain System in France, Belgium and Westfalia. The principal phases 
of folding in both the Wichita and Ouachita orogenies are Pennsylvanian, 
and the final overthrusting of the Ouachitas is possibly Permian. Precursory 
late-Mississippian movements are in evidence or indicated. 

Much recent geolog:ical work, based on the extensive drilling campaign 
for petroleum, has enabled us to trace the rim of the buried Ouachilta 
raruge conclusively in the sub-surface of Ea.st-Central Texas, especiaHy by 

Verhandel. Afd. Natuurkunde (2e Sectie) Dl. XXVII. C 1 
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the characteristJic depressed early-PenIl!Sylvanian foreland-basin of sedi­
mentation, which exactly reproduces the coalbasin foredeep of southeastern 
Oklahoma and Arkansas. The present Llano-Burnett Uplift marks the 
existence of a resistent buttress in the foreland , which causes a salient 
around which the chain tums, to reassume an East-West to Southwest 
course in southern and southwestern Texas, where the folds reappear at 
Marathon and Solitario, after which we lose them underneath the 
Cordillera in Mexico. 

The Hunton Arch is another buttress, causing the uplift of the foreland 
fault slices of the Arbuckles. 

The character of the nappe-structure of the Ouachita chains is discussed 
from the Httle knowledge we have of the small exposed portion in the 
Ouachita Mountains, and at Marathon in southwestern Texas, both still 
imperfectly surveyed , and which, moreover, only represent the outer rim, 
comparable to the frontal flysch- and molasse zones of the Alps and the 
Carpathians, and particularly to the similar Paleozoic " flysch" of the great 
Variscan system of Europe in the coalfields of southern England and 
Wales, northern France, Belgium, Holland and Westfalia and their imme­
diate hinterland . The mountain structure in the South-Central United 
States, and the fore- and hinterlands, are discussed in constant comparison 
to other chains, notably in Europe. 

Incidentally, a new explanation is offered for the "glacial boulders" in 
the Caney shale '( Mississippian) of the Ouachita Mountains. Their glacial 
character is emphatically disputed. They are considered as "exotic blocks", 
comparable in particular to the "klippen" of the Carpathians and the 
flysch-blocks of the frontal thrustsheets of the Alps. 
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INTRODUCTION . 

The reg ion under discus.sion in this paper is bordered to the west by the 
eastern edge of the Rocky Mountain system. to the sou th by the Rio Grande 
élnd the Gulf of Mexico. to the east by the Mássissippi River. and to the 
nor th by the northern State lint's of Kansas and Arkansas. 

It comprises the sOllthwf'<;tern spur of the Laurentian nucleus of the 
North-American continent. its covering of Paleozoic plateau-deposits. and 
its rim of late-Paleozoic mountains. This region is not only of great interest 
for the reglional structure of the continent. but its knowledge is important 
for all such geological studies as embrace structural problems of the eélrth's 
crust as a whoIe. Up to very recently the reg ion was very imperfectly 
known. a condition of which many of the European geologkal textbooks 
aJlod tectonic studies show evidence. The scanty geological information 
available was scattered over a great number of mostly disconnected papers. 
with not infrequently conflicting conclusions. The area is also of con­
siderable importance from a viewpoint of economie geology. s~nce it 

contains several of the most important accumulations of petroleum in the 
world. as weil as immense deposits of rocksalt and potash. 

This treatise contains the results of about twelve years of work of the 
writer in the southern Midcontinent of the United States. It was presented 
in abstract at the New Orleans meeting of the American Association of 
Petroleum Geologists in March 1930 ; the same subject was shortly intro­
duced at the meeting of the Royal Academy of Sciences in Amsterdam in 
February 1930 1 ) . It is also being published in an abbreviated form in the 
Bulletin of the Ameriean Association of Petroleum Geologists . (1931) 2). 

The writer wishes to express his thanks to the numerous geologists who 
collaborated with him in the organisations which he has directed. élnd have 
assisted him in this research work. He wishes especially to mention: F. L. 
AURIN. MAX W . BALL. H . L. BALDWIN . J. C. BARTRAM. W . R. BERGER. 

W. G. BLANCHARD. A . E. BRAINERD . D . D. CHRISTNER, G. C. CLARK. 

R. A . CONKLING . ALEXANDER DEU SSEN, F. P . GEYER, B. F . HAKE, T . K. 
HARNSBERGER, C. E. HYDE, J. V . H OWELL, P. B . HUNTER. I. A. KEYTE. 

G. C. KIRBY. A . W . McCoy. J. J. MAUC INI. F. B. PLlJMMER, G. M . R U BY. 

1) Verslag van de gewone vergadering der Afdeeling Natuurkunde. Deel XXXIX, NO. 2. 
2) Very similar views as are put forward in this treatise. have been pronounced by 

Ph. B. KING in Bulletin No. 3038 of the University of Texas, published in the spring of 
1931. while this publication was in the press. (cf. 120. pp. 113-116). The fact that two 
workers , entirely independent of each other. the one of which has had the benilit of 
considerable more recent and extensive personal work in the field , have come to such 
similar conclusions. is considered as a most welcome confirmation by the w riter. 

C 1* 
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J. M. TATUM, E . A . TRAGER, CH. R. VERTREES, C. G . WILLIS, and ROBIN 
WILLIS . In additÏon, the writer owes much information and assistance to 
a large number of geologists, the.ir friendly personal intercourse and sub­
sequent correspondence, and the papers cited in the aIlJlexed bibliography. 
Thanks are expressed in particular to E. H. SELLARDS , F. H. LAHEE, Sm­
NEY POWERS, BRUCE H . HAR'LTON, C. L. BAKER, PH . B. KING and H. D. 
MISER. 

The Paleozoic geology and paleo-geography of the region under dis­
cussion is entirely controlled by a system of mounta ins, whdch derives its 
origin from the great world-wide Permo-Carboniferous orogenic cyele. 
These chaim; eV'idently control the sedimentation, structure and consequent 
accumulation of petroleum in the region. This is not merely true for the 
Paleozoic oilreservoirs, but it is probable that many of the important oil­
fields of the southern States, whkh occur in younger strata, from the late­
Permian to the younger Tertiary, are structurally as wel! as geneticallv 
influenced by the general plan, and possibly even in some cases bij petro­
liferous strata of the Paleozoic basement. 

Our subject is one of particular difficulty, because to a far greater extent 
than the Permo-Carboniferous structures of Eurasia, the old mountains 
are aJ,most completely buried under a great thickness of more recent, chiefly 
Cretaceous sediments. In the Gulf Coast Plain these grade up into a great 
mass of Tertiary. Even within the Plateau reg ion a thick blanket of Permian 
deposits, deposited after the diastrophism , obscures the old foreland folds. 

Only in a few, very restricted areas are fragments of the old structures 
exposed: the Ouachita Mountains of southwestern Arkansas and sou th­
easterIlJ Oklahoma, the Arbuckle Mountains and tbe Wichita Mountains 
in southwestern OkIahorna. These conspicuous islands of Paleozoic and 
older rocks, with their intense folding, have attracted the attention of 
geologists from the very first moment that this region began to be scienti­
fically explored. The general age of the diastrophism and its apparent 
relation to the great Permo-Carboniferous system of the Appalachci ans 
farther east were soon recognised. It was difficult, however, to correlate the 
isolated outcrops, which presented disconcerting differences in facies of the 
rocks as wel! as in structure. The same applied to another isolated exposure 
of Paleozoic folds , considerably farther to the southwest, in the uplifts 
of Marathon and Solitario, in the midst of the Cretaceous blanket. We 
will see that the Llano-Burnett Uplift of Paleozoic and pre-Cambrian rocks 
in Central-Texas is no part of the mountains but a foreland massif. 

UruNI quite recently the work of geologists had been chiefly con fine-<! 
to local analysis of the exposed features 4n the individual horsts. It is only 
through the extensive explorati~n for petroleum that we have filllaHy 
obtained sufficient knowledge of the older Paleozoic floor in the adjacent 

areas to enable us to attempt a more regional analysis of the fundamental 
structure of the region. Very valuable information has recently been 
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published in a number of papers by various workers, many of them 
petroleum geologists, who have assembIed and discussed the results of the 
intense drilling campaign of the last ten years. I cite in particular papers 
by LUTHER H . WHITE (113, 1926), C. W. TOMLINSON (99, 1927) , ROB. 
H. DOTT (38, 1927). C. W. HqNESS (55, 56, 1923-1927), SIDNEY 
POWERS (83, 1928). H. D . MISER (75, 76, 77, 1926-1929), M. G. 
CHENEY (27, 28, 1929) , C. M. BECKER (13, 1930), F. A . MELTON (73, 
1930), PH. B. and R. E . KING (63, 64, 65, 120, 1926-1930) , and many 
others cited in the attached bibliography 1) . 

In the present treat1se the writer will assembIe, critically discuss and 
correlate the available material further, attempting to give a comprehensive 
picture of the general structure of the mountain chains, encircling this 
important region, and to offer a theory which has gradually grown in his 
conviction, and has considerably been strengthened by the valuable data. 
observations and thoughts of the authors referred to. Much of the latest 
work cited has brought considerable confirmation of his theory, after it 
had already been given out in the advance notices referred to on page 3. 

His views have been further corroborated by comparison of the results 
obtained in the great progress whäch has been made during these last years 
in the knowledge of the structure of the Alpine and Variscan chains of 
Europe, which the writer has been able to study after his return from 
America. 

For much detail the reader must be referred to the papers cited. 

As a general intrOOuction the following outstanding facts may be brought 
forward from the mass of information now at our rusposal. They wil! be 
discussed further in the subsequent chapters. 

(The reader is referred to the map Plate 1.) 

THE KNOWN MOUNT AlN BLOCKS. 

In addition to the already mentioned Ouachita. Arbuckle and Wichita 
Mountains and the exposures at Marathon and Solitario. the drill has 

revealed a number of other buried structures. which clearly belong to the 
same system of mountain chains. They constitute similar trunkblocks. 
which fail to protrude through the covering blanket. 

In the northwestern prolongation of the Wichita mountains a row of 
great buried masses of granite has been outlined hy the drilling in northern 
Texas and eastern New Mexico. These are the Amarillo Mountains. 
famous for the immense accumulation of helium-hearing gas which overlies 
them. and the valuable oilfields of the Texas Panhandle on their northern 
flank. 

1) The figures in bold face type refer to the bibliography. 
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To the south of the exposures of the Wichita-Arbuckle Mountains. cl 

wide zone of echelon folds has been revealed by the drill. all along the Red 
River in the border reg ion between Oklahoma and northern Texas. The 
Criner Hills . just sou th of the Arbuekle Mountains. are a small isolated 
exposure of these structures. all the others are buried. These anticlines 
cause a number of weil known oilfields. They evidently belong to the same 
general zone of folding as the exposed portion of the Wichita chain. and 
contain the same series of sediments in the same facies. 

To the south. southeast and east of the Llano-Burnett Uplift of pre­
Cambrian rocks. in eastern Texas. wells have reached Paleozoic and 
some metamorphic. possibly Proterozoic rocks . in Ouachita facies . Old­
Paleozoics in Wichita facies have been reached all around the Llano 
Uplift. and we re found productive of oil at Big Lake in the West-Texas 
Salt Basin. 

THE PRE-CAMBRIAN BASEMENT OF THE SOUTH ERN REOION OF THE MID­
CONTINENT PLATEAU consists of a rather thoroughly baseleveled floor of 
gneisses. shists. some crystalline limestones and other metamorphic sedi­
mentaries. with intrusions of granite and other plu tonic rocks . 

Some. possibly very ancient . positive elements are in evidence in this 
region. These influence the structure as weil as later sedimentation in 
their neighbourhood. Amongst these. the Ozark Dome. the Nemaha Granite 
Ridge of Kansas. the Hunton Arch of southeastern Oklahoma. and the 
Concho Divide of South-Central Texas (to which belon9s the outcropping 
Llano-Burnett Uplift). are particularly prominent. 

Twa generai trends are suggested in the aid basement: the most prominent 
one strikes generally North-South. with deflections to NNE and NNW; 
it is most clearly developed in Oklahoma and Kansas . Another Northwest­
Southeast strike is more in evidence in Texas. in the old rocks of the 
Llano-Burnett Uplift and forming the Concho Divide. but is possibly 
reflected in similar directions farther to the north in the !,uea of the Salina 
Basin of western Kansas. These two directions may reflect the old grain 
of Laurentia. which thereby continues to influence part of the Paleozoic 
deformation. 

The ancient substructure of the Nemaha Granite Range of Kansas 
appears to the writer as an uplifted tilted faultobloek in the old floor. with 
a downthrow faultscarp on its eastern side. similar in structure to the many 
long faultblock ranges. (of much more recent date) . in the Great Basin 
Province of the West. The ridge lies to the southeast of a major spur of 
the Canadian Shield. which it parallels in its general NNE-SSW trend: 
the Sioux Spur in Minnesota. Colorado. Utah and Nebraska. - which 
finds extension in the shallow buried granite masses of western Kansas 
(west of the Salina Basin) . in southeastern Colorado ancl northeastern 
New-Mexico. Pre-Paleozoic erosion may already have leveled the Nemaha 
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Granite Ridge. Early in the Pennsylvanian it was a chain of mountains. 
with numerous culminating peaks and deep cross depressions 1) . 

Paralleling the Nemaha Range in Kansas. and beyond its southern end. 
where it dies out near the Oklahoma state line. a series of similarly shaped 
and trending minor structures. more or less en echelon. appears. These 
have. in all probability. an analogous deepseated origin and reflect fault 
blocks in the baseme~t floor. On these structures many of the oilpools 
of Kansas. and of the major oilfields of central Oklahoma are located : 
the Blackwell. Thomas. Newkirk. Ponca. Tonkawa. Billings. Garber. 
Marschall-Lovell. and Oklahoma City pools. There probably exist others. 
which are still undiscovered. Nearly all these are more or less north-south 
trending anticlines. overlying tilted fault blocks. with a fault. or at least 
a steep flexure. mostlyon their eastern side. 

Another ancient feature . with the same general meridian trend and almost 
certainly rooting in the pre-Cambrian. is the Hunton Arch. It evidentlv 
extends southward through the Arbuckle uplift. This ancient positive element 
must be considered as ante-dating the geosyncline. from which the Wichita 
group of mountains origdnated. It is probably responsible for the fact that 
the present Arbuckle Mountains. and the Criner Hills to the south of them. 
now again stand out as uplifts. exposing the old mountain structure. where 
all surrounding features are buried. Already in Pennsylvanian times it caused 
the Arbuckle region to stand out from the otherwise submerged foreland. 
and to remain subject to erosion. The great reg ion of oil accumulation in 
the Seminole district is also directly influenced by the Hunton Arch. The 
Cushing structure belongs to a similar feature. 

Analogous old axes in the basement might cause the present rejuvenated 
t.opographi<: uplift of the Wichitas. Similarly. the present physiographic 
expression of the Ouachitas seems to be related to another old positive 
element : the Ozark dome. To the west the region is bordered by the great 
uplifted front scarp of the Rocky-Mountains and Sangre de Cristo Range. 
This seems a true crustal thrust-block in the sense of Argand. 

The whole of the ancient "Siouia" mass of SCHUCHERT was subject 
to much orogenic disturbance in late Paleozoic time. The "Ancestral 
Rockey Mountains" of this age. are also called the "San Luis Mountain 
System" . The eastern front ranges of this system were initiated at least 
as early as late-Pennsylvanian time. but they did not assume their present 
form until between Cretaceous and late-Tertiary time. There is also some 
evidence of movements at the close of the Ordovician (Caledonide revolu­
tion?) . and in the Grand Canyon region. as far back as the pre-Cambrian. 

1) For further details. see : H . W. Me CLELLAN (117) . and also : 
E. HAWORTH : Kansas Geol. Survey Bull. 1915. 
CHAS. H. TAYLOR : A. A. P. G. Bull. I. (1916-1917). 
R. C. MOORE: A. A. P . G. Bull. 11. (1918) and Bull. IV. (1920). 
HENRY A. LEY : A. A. P. G. Bull. X . (1926). 
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A pre-Cambrian primary ongm of the frontal Rocky Mountains is 
suggested but not proved. 

The pre-Cambrian basement of the Plateau region first received a 
blanket of sediments, extending from the Cambrian until the close of 
Hunton time (lower-Oevonian). Old-Paleozoic (Caledonide) minor war­
ping is indicated. This was succeeded by a period of emergence, during 
which the region was slightly tilted in a WSW direction, away from thc 
Ozark doming, and eroded to a peneplain, in which all the formations 
from the Ordovician to the lower-Oevonian inclusive are exposed in very 
persistent facies , now forming broad beits, with a general WNW strike 
( 113). Oeposition followed again in the Chattanooga period (lowermost 
Mississippian), unconformably overlying the old peneplain. This was 
succeeded by the mass of the "Mississippi limestone" and shales. 

All the mentioned structures were considerably folded, faulted and up­
lifted, and thereafter eroded in post-Mississippian-pre-Cherokee time, 
indicating an early-Pennsylvanian orogenic phase affecting this entire 
area. The entire Midcontinent Plateau was domed and emerged in this 
period. Another submergence covered the landscape by a blanket of late 
lower-Pennsylvanian (Cherokee) sediments. This period of deposition 
continued until weil into the Permian (6, 30, 117, 118) . 

Ouring the entire Pennsylvanian and much of the Permian, orogeny was 
active along the southern border of the old Plateau and reverberated more 
or less in its frame. Af ter middle-Permian time this entire region was 
still slightly warped, and finally eroded down to sealevel. It was comple­
tely flooded by the Coloradoan sea, starting late in the Jurassic in the 
West, and continuing during Cretaceous time. Much of the here mentio­
ned structure was rejuvenated in Tertiary and probably still more recent 
times, when the whole of the earth's crust became subject again to drift 
and warping, culminating in the worldwide Alpine orogeny. 

THE TWO PALEOZOIC GEOSYNCLINES. 

Two distinct geosynclinal troughs con trol the paleo-geographic 
distribution, as weil as the facies and structure of the Paleozoic sediments, 
which \Vere laid down over the pre-Cambrian basement in th is region. 
These are: 

I. A minor OLD- PALEOZOIC (P'RE-OEVONIAN) GEOSYNCL.INE tren­
ding WNW -ESE (a pre-Cambrian direction ?) through southern Okla­
homa and northern Texas, the belt now occupied by the Wichita-Arbuckle 
Mountains. We will see that this geosyncline is an intra-continental one, 
still within the Plateau, at least in its known part in Texas and Oklahoma. 
since the Plateau-region continues to the south of it in Central-Texas. 
This trough accumulated a great thickness (9000 feet) of Cambro-Ordo­
vician to lower-Oevonian sediments, largely in massive marine limestone 
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facies. This same facies of the old~Paleozoic covers this entire area of the 
Plateau 1), but here it represents only an aggregate thickness of some 
1000-1500 feet, thinning towards the nor th and the west, with the excIu~ 
sion of a thickening in the Salina Basin of Kansas. The massive Arbuckle 
limestone .( Cambro~Ordovician) is the most prominent feature. This mem~ 
ber alone reaches a thickness of 4000 to 6000 feet in the Wichita~Arbuckle 
geosyncline, against 800-1000 feet in the equivalent "Siliceous Limestone" 
of Oklahoma and Kansas, which thins towards the north. The "Ellenburger 
Limestone" of Texas, south of the geosyncline, with a thickness of at 
least 1000 feet , belongs to the same facies, and is of 10wer~Ordovician age. 

This geosyncI~nal -development of the Cambro~Ordovidan anod Silurian 
is succeeded by some 1500 feet of Lower-Carboniferous : Wood ford 
Chert, Sycamore Limestone and the lower portion of the Caney Shale, and 
these, in turn, by lower Pennsylvanian rocks. There is indication that, 
originaIly,and at least in part, the Wichita geosyncline also contained a 

great thickness of Mississippian; much of this is still preserved from 
erosion in northwestern Oklahoma and parts of southwestern Kansas. 

Ir. A considerably more important CARBONIFEROUS GEOSYNCLIN E 
skirted the Plateau region beyond its southern rim . This has the charac~ 
teristics of an outer inter~continental geosyncline. It shows an entirely 
distinct province of sedimentation. very different from the development in 
the Wkhita intra~continental trough. 

Here no abnormal thickness of pre~Devonian sediments is in evidence 
and the facies is totally different from that of these strata on the . Plateau 
or in the Wichita geosyncline. The Ordovician-Devonian series is no longer 
developed as a massive limestone sequence, but as some 3000 feet of 
graptolite bearing siliceous shales, cherts and some finegrained quartzitic 
sandstones. It is only in the upper part of the lower-Carboniferous that 
geosynclinal conditions become very pronounced, causing accumulation of 
the enormous thickness of 17.000 to 20.000 fe et of late-Mississippian to 
early~Pennsylvanian sediments, not represented in the Arbuckle~ Wichita 
Mountains. This clastic, not limestone, uppermost Mississippian of the 
Ouachita geosynchne presents a typical "f1ysch"~facies and must be 
considered an orogenic deposit; the middle and lower limestone zones of 
the foreland Mississippian are either absent or, possibly, are represented by 
the upper part of the cherts of the Arkansas Novaculite 2) . 

I) On the broad Ozark doming they have been partly eroded olf, and a portion of them 

may never have been deposited . (See L. H . WHITE. 113). 
2) The Alpine Fly3Ch is a sequence of sediments deposited during the later stages 

(Cretaceous to Oligocene) of the geosyncline. directly previous to the major paroxysm. 
when initial diastrophism had already developed interior ridges exposed to erosion. In 
the locally shallow. but elsewhere probably very deep troughs of th is early structure. a 
very characteristic marine sequence. composed chieBy of poorly fossiliferous clayey muds. 
with more or less sandy beds intercalated in the shales. were laid down to a great thickness. 
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DIASTROPHI SM: TWO DISTINCT MOUNTAIN SYSTEMS. 

The first described pre-Devonian geosyncline was in upper-Carboni­
ferous time compressed into the WNW-ESE folds of the Wichita 
Mountains, the Criner Hills, the echelon folds of the Red River-,Muenster 
Arch, and finally in a later ph ase, of the Arbuckle Mountains. The buried 
Amarillo Mountains belong to the same orogeny. 

This complex of chains we wûll call the WICHITA SYSTEM for the purpose 
of this treatise. 

The second, major geosyncline has been compressed and overthrust 
into the Ouachita Mountains, quite distinct in facies as weIl as in structure. 

Only a small portion of the outer rim of this certainly very important 
mountain complex has remained exposed in southeastern Oklahoma and 
central Arkansas, probably due to the rejuvenating action of the great 
positive element of the Ozark Dome, of which the present Ouachita 
Mountains constitute the southern flank in the present topography. 

The same Ouachita Mountain complex reappears at the surface far 
to the southwest in Southwest-Texas, in the erosional in liers in the 
Cretaceous blanket at Marathon and the Solitario uplift. 

The great arc ua te chain of the Ouachitas has been strongly pushed to 
the northwest . The Oklahoma-Arkansas Ouachita Mountains must be 
considered as lying considerably farther north than the original geosyncline 
in which these rocks were deposited . They 'have, in the writers opinion , been 
pushed far out over their foreland. The geosynclinal region from where they 
came may have been located to the south of the Sabine Uplift in northern 
Louisiana , and extended under the region now occupied by the Gulf of 
Mexico. 

For the purposes of this treatise, w e will refer to all the mountains 
issuing from th is geosyncline as the O UACHITA MO UNTAIN SYSTEM in its 
wider sen se. 

This formation ean be eoneeived as rapidly filling the foredeep, which was being depressed 
in front of an advancing major erustal thrustbloek and migrating with it . 

Sinee this typieal Bysch is not eonfined to the Alps and the Carpathians. but is a 
eharaeteristic deposit found associated with all folded mountain systems of Alpine slructure. 
the term "{1yseh" is used to denote th is partieular orogenic facies anywhere in the world, 
regardless of its age and thc location where it oceurs. 

The molasse in the Alps is a generally mueh more clastie, very thiek sequence, sueceeding 
the Byseh; partly marine. partly deltaic. of ten eontaining enormous masses of eoarse 
eonglomerates. It is the detritus worn from elevated ranges during and immediately posterior 
to the major diastrophism. deposited in a later forcdeep. eonsiderably in front of the 
preeeeding Byseh geosyncline. 

It may he deformed and overthrust by the final la,t advanee of the nappes. 
This is also a typical formation eommon to all large mountain ehains. and henee the 

term "molasse" may he applied to all orogenie deposits of a similar genesis. 
Consequently. this paper eontinuously speaks of the Byseh and molasse deposlts of the 

Paleozoie Ameriean mountains. w.hieh we are discussing. 



THE PRE-PERMIAN SEQUENCE IN THE WICHITA GEOSYNCLINE AND ARDMORE BASIN. TABLE) 
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Redbeds \ Konawa 
(Permian?) I Stratford 

Pontotoe : Van Oss 

THICKNESS 
IN 

PEET 

250-1500 

DESCRIPTION OF SEDIMENTS 

arkosic red sandstones. conglomerates, shales, land th in 
limestones), deposited around Arbuckle Mt., Wichita M", 
and Red River chains, merging into undifferentiated 
redbeds to N and NW. 

:t a orma Ion . P . Ad f t· ~ not yet arkosic conglomerates and 
~ Break and hiatus in V f' sandstones In ontotoc and Seml-
:l Middle-Cisco amoosa ormatlon nole counties, Okla. 
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_8_1-_L_g_I~_C_~_R_-_I-:.... . Hoxbar 
~ ~ 4000 chiefly shales, limestones, non-arko sic sandstones. 
Z CANYON i 0: formation I 

~ i 
~ ~I-------------'I---------------~------~~~----~--------------~~--~~---I 
< STRA WN l:J Deese fm . 6000-7000 sandstones and chert conglomerates, separated by shales, 

- with minor limestone shells. 
I Z 

t1l 
1----------:-1 ëi5 Dornick Hill~ fm . 2500-4000 shales, limestones and sandstones, limestone conglomerates. 

< V'V'VV'V'" ~~ 
:! 
:; 
CIl MORROW 
~ (Upper , Pottsvill.) 

c.. 

CO "-......~.o~:.a 100 unconformity : WICHITA PHASE. ~ 
tIl . ~ limestone, represented in Arbuckle region. ~ 
~ Springer 1----------1 ' bla~k bit~~i~~~~~h~I~~~iths~~~;~ï 's~~d~tones: only 
~ formation 3000-3500 known in Ardmore Basin, where it may represent upper 
9 portion ()f !\r~l1c~le<::ilney(circa 1600 feet) . 

Middle· aDd ...... 
Lowtr· Po uavilJt , IC( A dB ' I ./ P b bI h ' t . . 

1 r more aSin up to 2500 black shales. _./~ ro a e la us In serres 
--'----;----------1 Caney incmasing in cxtetlt to NW. 

'til 

~5 1 --"'~ l? 0:: MISSIS- Sycamore 200 limestone, Boone age. 
0:: tIl 
tIl tI.. -----;1:--------~Z SIPPlAN 

chert. 00 I Wood ford 250-600 

_...:J_CO_ ..!. ______ -'~------------+__----------,I----------------< break in the sedimentation. 

DEVONIAN 
(Lower) 

SILURIAN 

ORDOVICIAN 

CAMBRIAN 

Hunton 150-300 

Sylvan 300 

Viola 500-700 

Simpson 

Frisco limestone (± 20 ft); 
Bois d 'Arc limestone (± 60 ft), Oriskany. 
Harragan shale (± 100 ft) , Helderbergian. 
Henry House shale ( ± 90 ft), Niagaran fauna . 
Chimney Hill limestone (± 35 ft) , Alexandrian fauna. 

Iimestone, Cincinnatian. 

limestones, sandstones, shales, in thln alternatlng bed. : 
bituminous, Trenton to Chazy. 11200-2400 

1 ______________ +-__________ I/V'vvV'vV'vvvvv·vV'~ 3/ight Ularping /'V'V'V"v"'V' 

Arbuckle 5000-8000 

Reagan I 300- 500 
I 
~ 

I 

massive marine Bmestone, largely dolomitic in lower 
portion. FossiIs r;:present from upper-Cambrian to Beek­
mantown ages. 

arkosic sandstones; glauconitic In part. 

PRE-CAMBRIAN : Basement rocks : gneisses, shists, granitc and other igneous rocks. 

REMARKS 

These sediments, being detritus from the mountains 
of the Arbuckle-Wichita chains, decrease rapid1y 
in thiekness toward the north , the lower members 
failing entirely. The Ouachitas are no souree region 
for these deposits. 

~ ~ 

The Arbuckle phase occurred near the end of 
Lansing time and previous to most of the Douglas 
deposition. Th~re is no break, however, and still 
less unconformity i',l northern Oklahoma and Kansas. 

In tbe Ardmore Basin, the sediments above the 
Bostwick horizon of the Dornick Hills originate 
predominantly from the Ouachita region. Below the 
Bostwiek horizon the principial souree is from the 
Criner Hills (Wiehlta system) . 

Equivalent sequence in northern Oklahoma 
and Kansas: 

Wabaunsee } 
Shawnee ~ Cisco 
Douglas ( 
Lansing } . 
Kansas City (Canyon) 
Marmaton / 
Cherokee ~ Strawn) ~ less 

than 2000 
feet 

No lower Pennsylvanian is represented in 
Kansas, northern and western Oklahoma. 
and northwestern Texas. 

The Wichita phase is not represented in the truc Arbuckle Mountains and the Ardmore Basin, but 
confined to . the central-Wichita chains. Epeirogenic uplift in northem Arbuckle region and on 
Hunton Arch. 

The lower-Pottsville and uppermost-Mississippian formations are detritus from the earlier pulsation 0 

the Wichita orogenic phase, which seems confined to the Ouachita system: these depo~its are 
restricted to the region adjacent to their souree in the Ouachitas : the Ardmore Basin (cf. Table 11) . 
Outside of the Ouachita province they thin away to the NW; they seem absent in tbe Anadarko Basin . 
The 1600 feet of "Caney" north of the Arbuckle Mountains, in all probability, comprise both Springer 
and Caney of the Ardmore Basin . 

With the exception of the Wichita geosyncline, and also of the Salina Basin in Kansas, the pre­
Carboniferous sequence on the Plateau measures only 1000-2500 ft . in Texas. and ± 1500 ft. in 
Oklahoma. The facies, however, remains everywherc the same as in the Wichita geosyncline, and is 
intrinsically different from the Ouachita facies of the corresponding formations, as represented in Table 11. 2) 

I) The: Glena sequencc ISpciDger 10 Hoxbar) Is con8ncd to tbc Ardmore Basin; tbc Deeat .cd thc Hozbar are also pU~UDt in 
thc Waurika Baain; whetbcr lawer GItnn honzon •• re pruent therr ia not kDown. 
Thc correlation of thc Gltnn sequence of tbc Ardmort BasiD is still lomewbat uncl!rtain. Hert thc views .rc followed of BRUCE 
H. HARLTON. R. C . MOORE ood C . O . DUNBAR, .. bieb .<cm to ropr .. ent tbe mo.t rellable eOD"'nou' of opiD,on after 
recent rneareh work. 
:l) Milliasipplan in gfeat tblc:kDUI (1500-1800 ft .) hal reccntly been found to undcrlie the PCDnsylvanian in Donbwutern 
Oklab.oma and southwestern KaDu,_ Jt is youogelt Chester. overlying the equivalent of the " MI"lssippl lime:" t Boone). Jt begin. 
near Oklahoma City and eluends in the d ireetlOn of KiogB,ber, 01da. lt ma y he possible: that th i, Missi~ , i pp ian basin is part 
of the pre-Carbonife ' OU6 Wichita geolyncline, and es.tend. undu tbe A nadarko Basin; it may ODee have heen prennt in tbe 
reg ion of tbe W ichlta chain •• before Pe:nnlylvanian uplift aDd erOsion oblituated all bOlen of it : 



THE PRE-PERMIAN SEQUENCE IN THE OUACHITA GEOSYNCLINE. TABLE II 

til 

:J 
0 
0: 
tIl 
Il. -
Z 
0 
tXl 

0: 
0( 

U 

0: 
tIl 
e.. 
e.. 
:J 

FORMATIONS 
THICKNESS 

IN 
FEET 

DESCRIPTION OF SEDIMENTS 

;>-
c: 
Ol 

.J: 
C> 
Ol --0( 

---

" ---
:> ., .. .. 
0 

e.. 

.. ... 

CANYON 

STRAWN 

MORROW 

..... .... ? . 

lowermost 
Pennsyl­
vanian 

? 

Seminole cgl. 15-350 .i 
Holdenville sh. 180-260 8 
Wewoka Fm. 50-700 0 

Wetumka sh. 80-120 0\ 

Calvin ss. 0-210 +! 
Senora Fm. 50-500 >< 
Stuart sh. 90-280 '" 
Thurmanss.&cgl. 80-280 el 
~ -

Boggy sh. 2000-3000 ~ 
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~1 1150-2500 

Hartshorne ss. i 100 - 200 

Shales and sandstones. conglomerate In top. predominantly 
but not exclusively erosion products of the Ouachita 
Mountains to the south ("molasse"). 
The thickness decreases away from the mountains to the 
northward: maximum in Coal Basin. dwindles to 1200-
1500 feet at Tahlequah and near Muskogee. 

3000 interbedded sandstones and shales: var;es conslderably 
Atoka Fm. to locally. Occurs both in foreland and on the thrustsheets of 

I 
9500 Ouachitas. Sandstones predominate in northeastern section. 
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mostly blue shales. indurated into slates in places: inter­
calations of thinbedded finegrained dark-colored sand­
stones. increasing southward . 

unconformity 
(Iower-WICHIT A PHASE) 

black and white cherts. 
Break: lower Devonian and upper Silurian missing. 

shales and slates. basal conglomerate. (Niagaran?) 
600-1500 ~""''''''VVVV' unconformity /V"\A 

thin sandstones with shales (Richmond fauna) 
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REMARKS 

Down to thc Hartshorne sandstone these formations are only represented in the foreland 
trough. not in the thrusted sheets of the Ouachita Mountains. The lower members 
are only represented in thc foredeep. not farther out on the Plateau . 

The Wetumka correlates with the Fort Scott Iimestone. 

The foreland Atoka is of Pottsville aQe. 
The base of the Pennsylvanian (" Atoka") on the thrustsheets IS of Morrow age. and 
represents the Wapanueka = .. upper-Jackfork" of Honess. 
The pronounced inRuence of the Ouaehitas as a source reg ion for the Ardmore Basln 
Glenn sediments beg ins above the Bostwick horizon of the Dorniek Hills formation. 
The lower Dornick Hills is derived from thc Criner Hills. (cf. Tables land !lI). 

The Wapanucka is not represented as Iimestone south of the Ti Valley shear. but 
seems included partly in the .. Atoka .... partly in the Jackfork of the thrustsheets . 
The Caney north of the Arbuckles (1600 feet) probably represents the entire Jaekfork­
Stanley sequenee on the thrustsheets (17000 feet). and also the Springer-Caney sequenee 
(5000 feet) of the Ardmore Basin. 
Aeeording to MISER. the Jaekfork-Stanley are all upper Mississippian. The writer 
adopts the opinion of ULRICH. that the Jackfork is lowermost PenDsylvanian (lowest 
Pottsville). and only the Stanley is uppermost Mississippian and equivalent to the 
Parkwood formation of Alabama. The Jackfork-Stanley sequenee is strictly eonfined to 
the Ryseh geosyncline. and represented by a hiatus on thc foreland . 

Aceording to MISER (75). the 
Talihina chert. and underlying 
Stringtown shale. represent this 
entire sequence down to the 
Womble. Formations below the 
Stringtown shale are not exposed 
there. 

----------l-------+----+---------------------I--------- --------._------------.--

OROOVICIAN 

Lowest OrdoviciaD? 

CAMBRIAN 

Polk Creek shale 
Bigfork chert 
Womble shale 1600-3500 
Blakely sandstone 
Mazarn shale 

Graptolite bearing shales. slates. cherts. with some sandstone 
and limestone members. Identifiab:e fossils range from 
middle Ordovician to Beekmantown. 

Crystal Mountain 55.1 500-850 I massive grey eolian? sandstone. conglomerate at base. 

-+------fVVV'~ uneonformity /V'VV'VV'o 

only 500 ft. 
Collier slate 

exposed 

metamorphosed shales. limestones with sandstonc member.~: 

base not exposed: no lower formations are exposed or 
known from wells. 

Only known from southern part of the Ouachita 
Mountains. in Me Curtain county. Okiahoma. "nd I 
Montgomery eounty. Arkansas . 

http://var.es
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Both the Wichita~ and Ouachita mountain systems. regardless of the 
different age o'f their geosynclÎl1les. be long essentially to the Permo~Car~ 
boniferous cycle; both are the result of a push principally to the north. 
In the Ouachita chains. being strongly arcuate. the movement is directed 
to the northwest. and diverges to the west in those parts of the loop which 
trend more or less north~south in eastern Texas. It will be discussed later 
that the writer believes these chains to continue all through eastern Texas. 
to sweep around the Llano~Burnett Uplift. and to reappear at Marathon. 
from where we lose them under the folds of the Cordillera in the largely 
unexplored mountain wilderness of Chihuahua in Mexico. 

Thus the Ouachita ranges are thought to encircle the entire southeastern 
spur of the Laurentian mass. 

The writer's idea regarding the relation bet ween the Wichita~ and 
Ouachita mountain ,systems is the following : 

The Wichita system crosses the western WiIlig of the Ouachita loop 
practically at right angles in Atoka and Bryan counties. Oklahoma. and. 
to the writer's conviction. passes underneath it. The' far more important 
Ouachita Mountains have been thrust to the west and northwest in a 
series of overthrust sheets. over the ante~dating Wichita system. which 
continues in the autochtone for an unknown distance to the southeast. 
Possibly. though sofar we have no means of knowing. the positive element 
of the Sabine Uplift of Louisiana. which lies exactly in the trend of the 
Wichitas. may be conne~ted with these latter. 

This will be discussed in detail in later chapters. 

SEDIMENTAL SEQUENCE IN THE TWO GEOSYNCLlNES. 

The dissimilarity between the two sedimentary provinces is best 
illustrated by the two abbreviated Tables 1 and Il. 

In the WICHITA GEOSYNCLlNE the pre~Permian sequence is briefly as 
represented in Table I. (this is the combined sequence in the Arbuckle 
Mountains and of the immediately adjacent Ardmore Basin). 

In the OUACHITA GEOSYNCLlNE we have the intrinsically different 
condition. devoid of any similarity with the Wichita sequence previous to 
the Pennsylvanian. which is condensed in Table Il. 

Therefore. we have in the WICHITA GEOSYNCLlNE: 
Upper~Carboniferous (Pennsylvaniéll11): 
foreland~"molasse" : maximum thickness 20.000 feet; 
(particularly developed in the foredeep~trough of the eastern 

section: the Ardmore Basin) 
Lower~Carboniferous (Mississippian). known north of the 

Anadarko Basin : 
limestone. shales and chert (quiet conditions ) . -+- 2.000 feet; 



12 THE PERMO-CARBONIFEROUS OROGENY IN THE SOUTH- CENTRAL U. S. A. 

Cambra-Ordavician-Silurian: 
largely massive marine Iimestones (marked basin) 9.000 feet. 

This we may call the Wichita- or foreland facies . 

In the OUACHITA GEOSYNCLINE. on the contrary : 
Upper-Carboniferous: foreland "molasse" (same develop-

ment as in front of the eastern Wichitas) maximum 17.000 feet ; 
Lower-Carboniferous: shales and massive sandstones. in 

lowermost Pennsylvanian to upper-Mississippian 
orogenic "flysch"-facies; only uppermost Mississip-
pian is present: maximum 17.000 feet : 

Cambro-Ordovician-Silurian-Devonian. and possibly same 
lower Mississippian: graptolite bearing shales. siliceous 
limestones. locally predominant cherts. (presumably 
quiet deepwater conditions off shore) : 3.000 feet. 

This we may call the Ouachita facies . 

Though the Pennsylvanian erosion detritus is very similar for both 
mountain ranges. the pre-Pennsylvanian development is utterly dis tin ct. 
We shall also see that in Permian time development was also different. 
The Wichitas yielded practically no more material late in the Permian. but 
the Ouachitas continued to disperse a large amount of sediment over their 
entire foreland . Early in the Permian and in the latest Pennsylvanian. 
conditions were to a considerable extent reversed. 

Regardless of the utterly different facies . the full development of the 
Ouadtita series jos now found only 12 miles east of the outcropping 
Arbuckle sequence in Atoka county. Oklahoma. A weil encountered 
Arbuckle rocks still 8 miles farther to the southeast of the outcrops. This is 
an irrefutable proof that great overthrusts must separate these two facies . 
and that we do not deal with mere overthrusting . but with shearplanes at 
the base of true frontal nappes. which have glided to the west and north­
west over very considerable distances. introducing rocks in an exotic facies. 
deposited in an entirely different and originally remote province of 
sedimentation. The underlying autochtone must be in Wichita-Arbuckle 
( foreland) facies . This will be discussed in more detail farther down in the 
subsequent chapters . 

Entirely unlike the Ouachita facies. the pre-Carboniferous sediments 
in the Wichita geosync1ine are merely a local thickening of the same rocks. 
which have been laid down in the same facies over the entire Plateau in 
th is area. both north and south of the geosyncline. The Cambro-Ordovician 
Arbuckle limestone. the most prominent member, is found as the 1500 to 
1000 feet thick ,. Siliceous limestone" all over Oklahoma and in Kansas, 
where it gradually dwindles from 800 feet in northern Cowley county to 
only around 100 feet in eastern Clay county. 

South of the Wichita geosyncline we find a practically equivalent 
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Cambro-Ordovician limestone of about 1500 feet, dwindling to 600 feet 
farther south, the "Ellenburger hmestone". 

Similar conditions apply to the Mississippian in the Wichita geosyncline, 
and both north and south of it on the Plateau. In Kansas and Oklahoma 
the Mississippian has emerged and been considerably eroded, notably on 
the structural highs , in pre-Cherokee time. In southwest Kansas and north­
west Oklahoma, however, a very thick limestone series has been preserved in 
the Mississippian. Nowhere else, however , is there a considerable thickness . 
West of the Nemaha Ridge 300-400 feet of Mississippian still overlie the . 
Chattanooga. In Central Texas the Mississippian, known at the surface to 
the e'astward of Brown county, comprises the Boone limestone and over­
lying Barnett limestone and shale. In Hamilton and Coryell counties it 
measures only 100 to 125 feet . Mississippian is also present in Lampasas, 
Coleman, Brown and Taylor counties, but seems to disappear farther to the 
southwest, approaching the buried extension of the Ouachita mountains 
(27, 28) . The Wood ford chert is questionably reported in north-central 
Texas. To what extent the Mississippian is developed throughout Texas 
as a whoIe, is still poorly determined and will require further coredrilling 1) . 

As regards the Mississippian of the Ouachita geosyndine, it must be 
noted that the flysch seems to comprise only uppermost Mississippian. The 
age of the Jackfork is still somewhat in dispute , E. O . ULRICH (103) consi­
ders the Jackfork as basal Pennsylvanian, and bases his opinion in part on 
plantremai'I1S (loc. cito pp. 47- 48) . HONESS obtained a fauna from a 6000 
feet thick succession of sandstone in eastern Pushmataha and northern 
McCurtain counties, lithologically identical with Jackfork. whkh proved 
to be of Morrow age, and which he differentiàted as "Upper-Jackfork" 
(76, p. 21) . With HONESS ' approval, these sandstones are now included 
in the Atoka on MI SER'S new geologic map of Oklahoma. (75) . H . D . 
MISER and C . W . HON ESS bring paleontological evidence to bear, including 
an opinion by DAVID WHITE on Jackfork and Stanley plant remains, that 
both these formations are upper-Mississippian. The flora , however, is of 
an indistinct transitional character between Pennsylvanian and Missis­
sippian. ULRI CH (103 , p . 21) considers the Stanley equivalent to the Park­
wood formation of Alabama, which is uppermost Mississippian , younger 
than the Pitkin horizon of northeastern Oklahoma, and constitutes a series 
which is only developed in the Appalachian geosyncline, but is absent on 
the foreland: an orogenic deposito All this, to the writer's opinion, proves 
that both lowermost-Pennsylvanian and uppermost-Mississippian sand­
stones and shales, in orogenic facies, occur in the overthrust nappes of the 
Ouachita Mountains. The very involved structure of these mountains , 
which is still far from unraveled in details, will always make it easily 
possible that these very similar sandstones and shales are locally confused. 

I) E . H , SELLARDS : News letter from the Bureau of Economie Geology. January 1931. 
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It also seems evident. however. that no middle- and certainly no lower­
Mississippian is contained in the Ouachita flysch . ULRICH believes that the 
Arkansas Novaculite-Talihina chert series of the nappes comprises lower­
Mississippian (Osage and Kinderhook divisions) as well as Devonian. not 
in limestone. but in cherty facies . (54). 

In the Marathon region the pre-Carboniferous rocks occur again in a 
facies which is much more related to that of the Ouachita geosyncline than 
to the limestone facies of the Wichita trough ancl of the Plateau. At 
Marathon we have a known sequence of some 1500 to 2000 feet of siliceous 
shales. sandstones and thin limestones. overlain by some 600 feet of upper 
Ordovician and Devonian cherts. We have to go all the way to the Van 
Horn region and El Pasó before we again find outcropping Ordovician and 
Silurian in a massive limestone facies: El Paso and Montoya limestones. 
1250 feet (Ordovician) . overlain by 1000 feet of Fusselman dolomite 
(Silurian) . Here again we are well out on the Ouachita foreland . 

At Marathon we again find a great thickness of lower-Pennsylvanian 
to upper-Mississippian flysch. similar in lithology as well as. very probably. 
in age. to the same kind of sediments in the Ouachita Mountain region. 

It is to be noted. therefor. that cherts and siliceous shales. next to lime­
stones. form a notabie constituent of the pre-Carboniferous series of this 
entire region. but limestones. though of ten cherty and siliceous. characterise 
the Plateau province and the intra-continental geosync1ine of the Wichitas. 
In the major outer geosync1ine of the Ouachitas the limestones recede very 
much in importance and cherts and siliceous shales predominate. indicating 
increased deposition of gelatinous silicate. Graptolites characterize these 
oozes. This facies proves more or less quiet conditions throu}Jhout the 
whole of the pre-Carboniferous. previous to the diastrophism. which only 
begins in Carboniferous times. The slight pre-,oevonian (Caledonide) 
movements that are indicated . are only insignificant warpings. The southern 
province of the Plateau. in Centra 1-Texas. already suggests that the 
limestone facies may be changing towards conditions as we find them in 
the outer Ouachita geosync1ine. The massive Ellenburger limestone is not 
equivalent to all of the Arbuckle limestone. The lower portion of the 
massive limestone seems represented in Texas by the more shaly. cherty 
and sandy Wilbern and Cap Mountain formations (upper-Cambrian). 
which underlie the Ellenburger. More extensive deep drilling in Texas. to 
explore the petroleum possibilities of these formations . will define the 
section more accurately. 

A considerable layer of chert. Woodford. extends into the area of the 
Plateau facies; it overlies the Hunton. in the Arbuckle region. and is known 
underground in north-central Texas. CHENEY mentions a bed of similar 
chert 5 miles southwest of Lampasas. on the northeastern edge of the Llano­
Burnett uplift. 
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TABLE m 
CARBONIFEROUS SEQUENCE IN THE ARDMORE 

BASIN AND ADJACENT AREAS 
LATEST VIEWS. PRINCIPALLY AFTER C. W. TOMLINSON (99. 1929) AND B. H. H ARLTON. 

FORMATIONS 
THICKNESS 

IN PEET 

CORRE­
LAT IO NS DESCRlPTION AND REM ARKS 

POST­
PONTOTOC 
REDBEDS 

circa 1000 in 
most camplete 

exposures 

PONTOTOC 

very variabie 
thickness: 

0-1000 ca. 

Permian 

Upper. Ciseo 
in Texas = 

Wabaunsee and 
posslbJy part 
of Shawnee­

DougJas groups 
in Kansas 

WICHlTA FORMATION : equivalent of Asher formation 
of Pottawalomie county. Okla. 
Brilliant red and vermillion shales. with white and gley 
streaks. and dark red to blackish. hard. slabby sandstones. 

PENNSYL V ANlAN (?) REDBEDS (Stratford-Konawa 
flOs) : 
Dark brown and varicoIored shaJes and reddish-buff and 
white. crossbedded sandstones. Local. lentieular. al'kosie 
sandstones and conglomerates (of chert. granite. and qua rtz 
pebbles) occur. notably in lower strata. in southeastern 
)efferson county. Okla. and Montague county. Texas. 
Scanty remains of landplants and land vertebrates sug ­
gest non-marine facies . Away from Wichita axis. both 
to the north in OkIahorna. and to the south in Texas. 
these beds grade into marine strata. 

VAN OSS FORMATION. 
Arkosie red sandstones. grits and conglomerates : several 
hundred feet of coarse limestone conglomerates near 
Sulphur. OkIa .• originating from Arbuckles; in Ardmore 
Basin. only 0- 200 feet of deep red shales with coarse 
arkose grit; in RingliDg Basin. up to 1000 feet of Brkose 
sandstones. grits and congJomerates (chert. limestone. quartz. 
feJspars and hard shale fragments). th inning to only a 
few hundred feet over Nacana a nd Waurika anticlines ; 
locally absent over Healdton axis. Conglomerates markedly 
caarser nearer ta majar uplifts; notably develaped aver 
and around Nacona ridge. 

Hiatlls in Middle Hia tus: includes only partly arkosic conglamerates af Ada 
Cisco and Vamoosa farmatians north af Arbuckle Mountains = 

part of Shawnee-Douglasgraups of Kansas . 

ARBUCKLE OROGENIC PHASE 
~~.~~~/V~~/V~~A/~~"'~~~~/V~~/V~~~~ 

HOXBAR 

4000 

DEESE 

6000-7000 

DORNICK 
HILLS 

1500-4000 
th inning to 
northwest 

Lower Ciseo Large angular uncanfarmity 
(Graham) The Hoxbar series totally [aeks arkosic materia/s. 

Canyon Brownish. yellaw. reddish and tan shales. with same 
Upper-Strawn few fossiliferous limestone ledges and rare sandstones; 

(Mineral weil. a few limestone canglomerates. pointing to Arbuek/es as 
above Mingus sh .) 

= Francis north 
of Arbuckles 
= Belle City to 
middle-Halden­
ville = Kansas 
City farmation 

Lower Strawn 
(Mingus shale 
and upper-Mill-
sap) in Texas 
= middle of 

HoJdenville to 
Savanna north 
of Arbuckles 
= Marmatan 
and most af 

Cherakee graup 
in Kansas 

Lowermosf 
Strawn 

(lower Millsap 
in Texas) 

= Mc Allester ss. 
ta Atoka form . 

narth of 
Arbuckles 

= Cherokee 
group (in part) 

'1 in north-central 
OkJahama and 

Kansas 

Bend (Morraw) 
in Texas; 
Smithwick 

shale? 

their SOurce. 
About 1000 feet below top a 4 feet coa/seam {at Daubel. 

Detailed sectian by TOMLINSON (99. pp. 39-47). 
Confederate Limestone at base : 60 feet grey ta buff lime­
stone ledges. with conglomerate (Brazas River canglo­
mera te in Texas) . 
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Succession of aften massive. 
crossbedded sandstone beds and 
chert conglomerates. separated 
by bluish. tan and red shales. 
with minor and relatively incan­
spicuous limestone members. 
Devil's Kitehen sandstone (100 -
200). 800 feet above base. grading 
sautheastward. toward OUBehitas. 
into coarse chert conglomerates. 
without limestones (this excludes 
Criner Hills but indicates Ouachi­
tas as a source) . 
The Deese sandstones are exten­
sivel y saturated with asphalt ; 
we re quarried for this purpose. 

Pumpkin Creek limestalle: 70 feet 
of fossiliferous Iimestone ledges. 

The Dornick Hills is a series of 
bluish. tan. and rarer reddish and 
brown shales. with limestone 
ledges. limestone conglomerates 
and sandstone beds. 
The series increases considerably I 
in thickness and clastic character 
to southward: 4000 feet . very 
conglomeratie. on northern bor­
der of Love county. and less 
than 1500 feet near Glenn. against 
southern edge of Arbuckle Moun­
ta ins. where conglomerates lack 
entirely. Farther west. around 
Graham. and more toward north­
west. in NW-Carter county. the 
ever thinning sequence developes 
more limestone. 

Aftel' th is time souree of sedi­
ments fcom Ouaehitas more than 
from Crinel' Hills (99. p . 28). 
1200- 1500 feet above base : 
Bostwiek /im estone cong/omerate 
and limestones (300 feet) . 
In th is horizon. and belaw same, 
sedimenfs originate fram Criner 
Hills. and thin out to narthward. 

Otterville lirnestone carries 
already a Wapanucka-Marble 
Falls fauna (Girty ; cf. 99. p . 30). 

Jolliff eong/omerate Bnd /irne­
stolle constitute base of Dornick 
HiUs series. 
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WICHIT A OROGENIC PHASE 1) 
IA/V~~~rv~~"'~~~~/V~~/V~~/V'V'V'.."'~V'..""'Great angular unconformity in Criner~ 

Hills and ot her ridges; not in Ardmore 
Basin. 

SPRINGER 

3000-3500 

CANEY 

MarbIe FaUs 
in Texas = 

Wapanucka and 
upper portion 
of Caney in 

S . OkIahorna; 
absent 10 

N.-Oklahoma 
and Kansas 

Black bitumi.nous shales. with 
ferruginous and calcareous con­
cretions. with which are inter­
spersed four persistent continuous 
sandstone members. forming pro­
minent topographic ridges . 

Equivalent ta 
upper part of 
Caney shale 

east of 
Arbuckle 

Mountains 
= Jackfork ss. 

in Ouachita 
Poor fossils Irom middle of Mountains. 
Springer are said to be earliest ...... ...... ? ........ .. .. 
Morrow in age (Ch. E. DECKER) . 

Z 2000-2500 
::; along southern 

Uppermost 
Mississi ppian 

Dark shales. mostly black and bitumi­
nous. with thin ferruginous and ot her 
concretionary layers. without substantial 
sandstone. or limestone members. 

Mississi ppian 
lower part of 
Caney shale 

8:: edge of Arbuckles 
Vi 
en 
Vi 
en SYCAMORE 

~ Limestone 
WOODFORD 

Chert 

Middle- to 
Lower-Mississip­

pian 

east of 
Arbuckle 

Mountains 

HUNTON Frm. Dev. & Silurian 

In conformabIe sequence. without any conspicuous angu­
lar uncanformities : only a small conglomerate occurs at 
base of the Simpson. and stillless important conglomerate 
beds are reported at two or three levels in the Arbuckle SYLVAN Sh. 

VIOLA 
SIMPSON 

ARBUCKLE 
Limestone 

1--------1 limestone. 

Cambro­
OdoviciaD 

(See for this sequence Table I). 

1) The Wiehita chains were raised by th is diastraphism . The Criner Hills be co me a saurce 
of clastic sediments for the first time. The Dorniek HiUs formatian overlaps unconformably Viola 
and Simpson. Erosion during and af ter the uplift. but prior to Bostwiek time. had abraded more 
than 5000 feet of sediments. mostly soft shales. from the northern edge of the Criner Hills ; above the 
Bostwiek horizon. higher pebblebeds originate more from the Ouachitas than from the Criner 
Hills. Yet. about the north end of the Hills . uppermast Deese and lower Hoxbar rest unconformably 
upon alder rocks. clear down to the Arbuckle limestone. West of the Criner Hills . in the Brock 
field. we lis show peaks of Ordovician rocks rising up into the base of the Hoxbar farmation (99. p. 21). 

The same is the case for the Healdton and Hewitt ridges. t he Duncan anticline in Stephens 
county. Ok!.. and the Nocona. Bulcher and Muenster anticlines in Montague and Cooke counties. 
Texas (J. R. BUNN. 24 . 1930). In these southern ridges upper Deese rests immediately on 
pre-Cambrian granite. bared byerosion. (Yet. the granite yielded no arkosic material). 
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The Talihina chert of the Black Ridge. east of Atoka. Oklahoma. is 
something different; it already belongs to the thrusted mass of the 
Ouachitas. and represents the sequence of the Ordovician. Silurian and 
Devonian (cf. the legend of MISER's map of Oklahoma, 75) . According to 
ULRICH. the cherts of the Arkansas Novaculite of the Ouachita province 
comprise from middle-Mississippian to middle-Devonian (103). 

Chert conglomerates in the upper-Pennsylvanian and lower-Permïan 
sediments of Oklahoma and Texas, decreasing northwa·rd and westward. 
away from the Ouachita ranges, again emphasize that the chert facies was 
largely characteristic ot the latter. 



THE STRUCTURE OF THE WICHIT A MOUNT AlN SYSTEM. 

The surface expression of the Wichita Mountains. at this present time. 
is a long range of disconnected hills and knobs. mostly of granite. which 
pierces the Permian redbeds over a distance of some 70 miles in Comanche. 
Kiowa and Greer counties. OkIahorna. The larger coherent ma ss in the 
Wichita National Forest. in Comanche county. forms the Wichita Mountains 
proper. These massifs are only the emergnng summits of an important chain. 
buried under the latest Paleozoic blanket. The general trend has the same 
WNW strike as the Crin er Hills and Arbuckle Mountains. which. af ter 
an interruption of same 60 miles. emerge farther to the ESE in Carter. 
Murray. Johnston and Pontotoc counties. Buried extensions belonging to 
the same mountain system are the Amarillo mountains. and the buried 
ranges along the Red River: the Red River Mountains. 

As was mentioned before. we will. for the purpose of this treatise. call 
th is entire 400 miles long complex of mountain chains: THE WICHITA 
SVSTEM. 

The Wichita system as a whole forms an important orogenic unit. but 
the folding is moderate and no overthrusting on a larger scale is anywhere 
in evidence in the visible ranges. As was lately emphasized by F . A. 
M ELTON (73) . faulting seems to have been the chief mode of deformation 
of the strata in the Wichita Mountains. though folding also plays él 

considerable part. notably in the east. graduaIly disappearing west­
ward. The abrupt slopes on the north side of the main Arbuckle- and 
Wichita Mountain arches constitute faultline scarps. They seem to a very 
considerable extent block mountains. notably the western units. 

The importance of the uplift is shown by the great extent over which 
the otherwise deeply buried pre-Cambrian basement rocks have been 
elevated to the surface and bared of their at least 8500 feet thick mantle of 
pre-Carboniferous sediments. The enormous quantity of Pennsylvanian 
and early-Permian detritus originating from these mountains and collected 
in a marked foredeep. mayalso be cited in evidence. 

In this general complex th ere are two distinct elements. which differ in 
character as weIl as in the time of diastrophism: the Wichita Ranges proper 
(including the buried Red River chains) . and the Arbuckle M ountains. 

They both originate within the same intra-continental geosyncline. and 
contain the same stratigraphic elements in the same facies. but the Wichita­
and Red River Mountains apparently form the true chains (the Wichita's 
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proper). while the Arbuckles are a piece of the uplifted. elsewhere little 
aHected foreland in front of the Wichitas. wh ere it is traversed by the 
ancient resistant Hunton Arch. This foreland zone was only aHected by 
a later phase of the Wichita orogeny: the Arbuckles are separated from 
the main chains by a deep foreland trough. the Ardmore Basin. which 
was originally very much wider than it is now 1) . 

The Wichita Mountains (we now mean the hills designated under this 
name on the geographical map) form a large complex antic1inorium. The 
present surface exposures are chiefly igneous rocks. The mantIe of old~ 
Paleozoic sediments is only preserved on the flanks. and is but poorly 
exposed and mostly buried under the redbeds. It consists of Ordovician 
limestones. in the same development and facies as in the Arbuckles. CLYDE 
M . BECKER (13. 1930) has published the most recent study of these 
mountains 2). 

The uplift is expressed in three en echelon ridges of pre~Cambrian 

quartzite and granite (granophyres). with gabbro and porphyry. They strike 
WNW -ESE. The northwestern one is a faulted anticline with a granite 
core. exposed all along the axis. flanked on the north side by the full section of 
the Arbuckle limestone. Farther to the northwest. in Kiowa county. Viola 
limestone. Simpson and probably Arbuckle limestone have been reached in 
deep wells. On the south flank. however. we find a strike fault with a 
downthrow of about 2000 feet to the south. making that only the upper 
4000 feet of the Arbuckle limestone are exposed. A very deep sync1ine. now 
compressed into a very narrow. but 8000 feet deep trough. separates this 
northeast ridge from the central ridge. equally composed of granite. Onlv 
along its southeastern extremity. and for approximately 20 miles on the 
northeastern flank. contact with the pre~Carboniferous limestones is 
indicated. On the southwestern ridge this contact is nowhere visible. 

Compressive stresses are comparatively little in evidence in these ridges. 
so little that BECKER is inclined to explain these mountains as a mere 
vertical uplift. caused by slow ascension of th ree batholiths early in the 
Pennsylvanian .• instead of by folding. Some indications of contact meta­
morphism against the Cambrian Reagan sandstone are stated to support 
this theory. hut do not appear very conc1usive. Metamorphism is only 
mentioned on the contact with the porphyry in the northeast ridge (loc. 
cito p. 43). This porphyry may be a later intrusion. 

1) A peculiarity of this foreland zone is. that it still lies within the old Ordovician 
geosyncline. This may he explained by the fact that this pre-Devonlan trough Is so very 
much older than the diastrophism. This is an exceptional characteristic of the Wichita 
syslem. 

2) Whilst th is treatise was in the press. M. G. HOFFMAN has published another geologie 
description of the Wichita Mountains (Oklahoma Geological Survey. Bulletin NO. 52. 
1930). It contains a detailed petrographic description of the Wichita rocks. excellent 
photographs of the region. and an exhaustive bibliography. 

Verhandel. Afd. Natuurkunde (2e Sectie) Dl. XXVII. C 2 
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The interpretation may be correct as to the block mounta in character 
and. possibly. some action of intrusives. but yet the general origin of the 
Wichita System. including the Arbuckle Mountains. the Red River Ranges , 
ancl the Amarillo Mountains. in their perfectly maintained strike and 
en echelon alinemént. rising out of a marked geosyncline. is clearly the 
effect of compressive crustal forces on a larger scale. Evidently these ridges 
were pressed together later. and the intervening deep and narrow synclines 
can only be understood as the result of considerable compressian 1). 

The pressure origin of the Wichita Mountains is also demonstrated by 
a marked foreland depression: the Anadarko Basin (A. J. FREIE: 41 . 1930) . 
A foredeep of this nature. following the genera l strike exactly. is a com­
pressive feature. The a xis of th is trough is traceable as far west as 
southern Sherman county. Texas. This basin is characterized by an enormous 
thickening of the Permian material filling the depression. These sediments 
attain over 4500 feet neaT Chanute, only 25 miles from the nearest surface 
outerop of granite. The development of the underlying Pennsylvanian in 
the heart of the basin . is unknown but it mayalso be great in the eastern 
part. BECKER. assuming no particularly great thickness for this Pennsyl ­
vanian. (only 1500-2000 feet). nevertheless calculates that the highest 
part of the Wichita Mountains anticlinorium was elevatecl structurally 
approximately 19.000 feet above the axis of the Anaclarko foredeep! This 
trough is an asymmetrie syncline. steeply dipping on the southwestern Iimb. 
and more gentlyon the opposite northeastern side. 

The already mentioned basin, filled with a great thickness of late­
Mississippian (1500- 1800 feet of youngest Chester. overlying an equi­

valent of the Baone Iimestone). known to occur in the subsurface of 
northwestern Oklahoma and sou th western Kansas. mayalso be related to 

the Anadarko Basin. which is adjacent to the south of these wells 
(cf. A . I. LEVORSEN. 118, Plate 1 and fig . 18). The fact that these beds 

are not known in the Anadarko Basin, as usually conceived. may partly 
be due to excessive depth, partly to pre- Permian erosion nearer to the 

arch of the Wichitas. It would seem probable that th is Mississippian does 
not indicate another parallel basin to the north of the Anadarko through. 
The writer is inclined to believe that it indicates the northern edge of the 
original older-Paleozoic geosyncline, and that these upper-Mississippian 

strata were preserved here from erosion, because neither the arching of 

1) M. G . HOFFMAN. in the just mentioned Okla . Geol. Survey Bulletin NO. 52 (October 
1930), contends that the igneous rocks of the Wichita Mountains are not batholi ths. but 
have been injected as very thick sills (several thousands of feet) into Proterozoic quartzites. 
The intrusion occurred in pre-Cambrian time. Upper-Cambrian rests unconformably on the 
eroded surface of these igneous rocks (igneous pebbles in the base of the Reagan sandstone). 
No metamorphism is mentioned . 

Consequently, it would seem th at the Wichita Mountains are not the result of batho­
lithic up/ift. but that these igneous intrusions merely happen to be present in the pre­
Cambrian basement exposed in the care of the anticlines. 
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the Wichitas nor of the Hunton Arch affected this area, but, on the 
contrary, the depression of the Anadarko Basin gave increased protection. 

Foothill folds are also indicated, particularly by the anticlinal structures 
of the Cement, Knox and Chickasha oil and gas fields, to the northeast 
of the Wichita front, on the edge of the Anadarko deep. These folds still 
affect the Permian , although part of this latter effect may be due to com­
paction over ihe older buried ridges. 

Western extension ot the W ichita geosyncline. 

It is not known precisely how far west limestone sedimentation of the 
old-Paleozoics continued in the original geosyncline. As far as facts are at 
the writer's disposaI. nothing is known about the extension of the Arbuckle 
lime~tone on the flanks of the buried granite masses, which we caB the 
Amarillo Mountains . None of the wells , of which he has records, have 
pierced older strata than upper-Cisco, which overlaps on the granite. 
This may be an effect of early Pennsylvanian erosion. A marked foredeep 
is no longer in evidence here (41, p . 76). It would appear as if the Wichita 
geosyncline dies out rapidly to the westward of the Wichita Mountains, 
and that the Amarillo Mountains are, still more than the Wichitas, caused 
by block faulting of the basement. Clearly, however, all th is must ultimately 
have been the result of the same pressure which uplifted the Wichitas. The 
rigidly maintained strike, slightly convex to the north, is a convincing 
evidence. 

The buried outcrop of the flanking pre-Carboniferous Iimestones seems 
to take a northerly course into Kansas west of Harper county. This is the 
influence of the uplift of the Ancestral Rocky MountaÎns. 

The old floor is brought to the surface again in the Sangre de Cristo 
Range of southern Colorado and New Mexico, and the Manzano, 
Sacramento and San Andres Mountains, forming the front of the Rocky 
Mountain system in this region. These ranges are mostly block fault up­
lifts of the basement. 

In the Sangre de Cristo Range of Colorado we find some 350 feet of older 
Paleozoics (Buelah to Manitou formations ) between the Mississippian and 
the pre-Cambrian, at the extreme northern end of the mountains , and along 
the Arkansas River a few miles below Salida. A siliceous Iimestone of 
Silurian age is also reported on the western side of the range near San Luis , 
in Costello county, Colorado. (57,1929). 

In the southern extension of the Sangre de Cristo Range, in New 
Mexico, the upper-Pennsylvanian Magdalena Limestone immediately rests 
on the pre-Cambrian. This is also the case in the Manzano and Oscura 
Mountains. Farther north, the buried eastern portion of the Ancestral 
Rocky Mountains presents only Pennsylvanian beds deposited over an 
uneven granitic basement (83). In the Pedernales Hills, an island of older 

C2· 
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rocks east of the Manzano Range. no Carboniferous is exposed ana the 
Permian immediately butts against the pre-Cambrian. 

Only at the southern end of the Oscur~ Mountains. and all along the 
eastern scarp of the San Andres Mountains. and also in the western scarp 
of the Sacramento Mountains. south of Alamogordo. a small thickness of 
Ordovician and Silurian: Fusselman limestone (Silurian). Montoya- and 
El Paso Limestone (Ordovician). and Bliss Sandstone (Cambrian) . begins 
to intercalate itself between the lower-Carboniferous and the pre­
Cambrian. There is also a little Devonian (Percha shale). These rocks in­
crease in importance toward the south and southwest. and seem to be part 
of a new basin ex ten ding in that direction. 

In Colorado and northern New Mexico the pre-Cambrian is overlain by 
a great clastic development of upper-Pennsylvanian and Permian. an 
enormous thickness of mostly very coarsely clastic granitic detritus (10.000 
to 13.000 feet) . The lowermost of these beds grade into the Magdalena 
limestone in New Mexico. There is an unconformity above th is partly 
marine lower portion. Evidently. these mountain blocks already consisted 
largely of bared granite at that time. subsequent to much earlier uplifts. 
They were again highly elevated by the movements within the late Pennsyl­
vanian and the Permian. and became subject to renewed very active. often 
violent erosion. 

It seems. therefor. that th is entire western reg ion. now constituting the 
frontal province of the Rocky Mountain system. was outside the Wichita 
province of large deposition during the early Paleozoic. which characterizes 
the geosyncline. The uplifts. though more or less contemporaneous with the 
orogeny in the Wichita ranges. we re no part of the Wichita system. The 
Wichita geosyncline dies out in western Texas. 

TIME AND CHARACTER OF THE WICHITA AND ARBUCKLE OROGENIES. 

1. The Wichita phase of orogeny. 

The principal folding of the Wichita Mountains occurred in the early 
upper-Carboniferous (Pennsylvanian). This is a very widespread orogenic 
phase. which does not merely affect this mountain system. but is greatly 
in evidence over the entire Plateau region: all Oklahoma. Kansas and Texas. 
as far south as the LIano-Burnett region and Marathon. The entire Mid­
continent reg ion. and most . if not all the structural features on the Plateau. 
show considerable uplift. emergence and erosion between the deposition of 
the Mississippian and the advance of the younger-Pennsylvanian (Cherokee) 
sea. 

According to H. A. LEY 1). the Nemaha Mountains of Kansas were 
elevated for a thousand feet or more above the surrounding country. and 
similar. though less pronounced uplift took place in the structures of north-

1) Bulletin Am. Assoe . Petrol. geologists. 1926. p . 96. 
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central Oklahoma and on the Hunton Arch; it is in evidence through all 
Colorado and New Mexico. Evidently. the entire Southwest of the conti­
nental block of North-America came under considerable stress at this period. 
regionally doming the entire Plateau. and causing the old major positive 
elements. and also the minor fault blocks. to become vertically displaced. 
rejuvenating the older faults and. possibly. originating new ones. (117. 118) . 
In the Wichita Mountains and the related chains of the Wichita geosyncline 
(excepting the Arbuckles) . this diastrophism reached a maximum of very 
much greater importance than on the Plateau area to the north and south. 

In southeastern Oklahoma we can more accurately date the maximum 
movement as falling. in two phases. between latest Mississippian and 
Atoka time. 

The Arbuck/e Mountains are a massif of truncated folds arud blocks. 
The present exposed mass is only a fragment . though the most important 
one. of the original structure. The pre-Cambrian basement is exposed over 
a considerable area and. in addition. the entire series of pre-Pennsyl­
vanian rocks. 

Folding is fairly intense in the southern part. but the northern half of 
the exposed mountains seems less sharply folded and rather more broken 
and faulted. There are indications that the ma ss of Ordovician limestone 
in the northern Arbuckles may. in part. have been thrust on the less broken 
northern portion of the Hunton Arch. which crosses this entire area. 

In order to discuss the Arbuckle structure properly. we have also to 
consider the next fold to the south . exposed in the small outcrop of the 
Crin er Hills. a complexly folded and faulted horst. consisting largely of 

Ordovician limestones. like those in the Arbuckle Mountains. 
A narrow. very deep depression. the Ardmore Basin. separates the Crin er 

Hills from the Ar'huckle Mountains . It is now only 14 miles wide. but the 
synclinal folds were depressed to a dep th of 10 miles (99. cross section on 
Plate XVII). Overlying the older Paleozoics. it is filled with a some 17.000 
feet thick sequence of Pennsylvanian detritus . clearly derived mostly from 
a southern and southeastern source. Most of this belongs to the so ca lied 
Glenn formation (Dornick Hills plus Deese formations ). and is a typical 
detrital "molasse" . C. W. TOMLlNSON's map is here reproduced. with the 
kind permission of the Oklahoma Geological Survey and of the author. as 
our Plate 2. Also compare our Plate 8 for the following discussion. 

The Carboniferous sequence in the Ardmore Basin and the adjacent area 
is condensed in Table IIl. 

The Criner Hills must be consedered as a direct continuation of the 
anticlinorium of the Wichita Mountains. The Arbuckles. however. are an 
entirely different feature. They were not folded simultaneously with the 
Wichitas (including the Criner Hills) . but considerably later. 
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The Ardmore Basin is a southeastem equivalent of the Anadarko Basin. 
Both are part of the foredeep which skirts the entire Wichita system. 
which. furthermore. intermingles at its eastern end with the foredeep 
of the Ouachita system. This relation to the Ouachita foredeep is 
demonstrated by the basal deposits of the Carboniferous. The 3000 to 
3500 feet of Springer formation . which antedates the principal phase of 
the Wichita orogeny. are ' decidedly an orogenic deposito The basal 
members of the Springer may extend into the Mississippian. The lowest 
sofar found fossiIs occur near the middle of the series. They suggest 
Morrow. At least 2000 feet of strata . from which no fossils have yet 
been discovered. intervene between that horizon and the fossiliferous 
Ardmore Caney. which is certainly Mississippian. The top of the Springer 
marks the beginning of the second Wichita-phase of folding. The Springer­
Caney complex. therefor. may be compared to the Jackfork-Stanley sequence 
of the Ouachita system 1). The Springer. in particular. may be an equivalent 
of much of the Ouachita Jackfork sandstone. and the Ardmore Caney 
represent the Stanley shale. comprising the uppermost portion of the Missis­
sippian. which seems confined to the Ouachita geosyncline. including the 
Appalachians in Alabama (Parkwood formation) . This uppermost Missis­
sippian is younger than the Pitkin limestone of the Ozarks and the 
general Plateau. and is replaced by a break in the stratigraphy and erosion 
on the entire foreland outside of the Ouachita flysch geosyncline. of which 
the Ardmore Basin forms a western embayment into the Wichita geosyn­
cline. (88. 118) . We will revert to this later when discussing the orogeny 
of the Ouachita system. This orogenic lower-,Carboniferous may indicate 
that the movements of the Wichita phase originated in the region to the 
south or southeast of the Crin er Hills. some time before the climax of 
folding was reached in the frontal Wichita chains. 

c. W. TOMLINSON was the first to analyse clearly the confusing outcrops 
in the Ardmore Basin. Interpretating correctly the structure of the Over­
brook anti cline. he proved that the basal conglomerate of the Dornick Hills 
formation unconformably overlaps over the Viola. Simpson. Caney and 
Springer formations. This anti cline is a great overturned and thrustfaulted 
fold between Ardmore and the Crin er Hills. with a structural height of at 
least 10.000 feet (it is. in part. a post-Wichita Arbuckle-phase feature). 
(See Plate 2) . 

The orogeny which raised the Criner Hills (the frontal chain of the 
eastern Wichitas) was. therefor. post-Springer. It created for the first time. 
in this region. a source of coarsely clastic sediments. 

IE the Wichita chains were at all aHected by the earlier. late-Mississip­
pian phase of the Wichita orogeny. this must have been confined to the 
more southern Red River ranges (cf. page 28) . This ph ase may. however. 

1) The 1600 feet of Caney north of the Arbuck!e Mount;!ins. in all probability. comprise 
bath Springer and Caney of the Ardmore Basin. We wil! revert to this on pages i3 and 51 . 



W. A. J. M . VAN WATERSCHOOT VAN DER GRACHT : THE PERMO-CARBONIFEROUS OROGEN Y IN THE SOUTH-CENTRAL UNITED STATES. 

PLATE 2. 

b..di \ \\ .:;:"1 \ \! \ ' f \_ , J 111 ; " " e... ....... • ' ., ::::::=-- 2 , I A 7 r I S[ Al( .... Cl 

uoo Ft JO.,ooo't 
Scale W S""""! u.o.... 30,000" 

HOrtzontal Scale same a.s Vertical 

R.I. W. R.IE. 

7" I· '0.000 fI 

'lO,OOO rt 

LEGEND FOR CROSS ' SECTION 

eh- Hoxbar Formation 
Cd- Deese Format i on 
Cdh- Dornick Hills Forma tion 
Cs- Sprinqer Format ion 
Me;- Caney Shale 
/dOSOs- 5ycamore L,me.slone. 

Wood ford Chert. Hunton Form· 
ation, Viola Limestone and 
Simpson Formation 

(Oa· Arbuckle Limestone 
<:r - Reaqan Sandstone 
PC - Pre , Cambri an 

OKLAHOMA GEOLOG/CAL SURVEY 
CHAS. N. GOULO, DIRECTOR 

NORMAN, OKLA 
/926 

R.2E. CIj 

R.3E. 

~mth:'I ···~IIIIIIIIII~~+{Jk~ 
Ut~ I I k~JJ~ , Q~I " " 

. . 

o 

Cd-
.... .. ' ".' ...... ""<' 

~ 
4 

LEGEND 
~ 

... 
Terrace Sands, ~: . . : , ~ 
Alluvium,and ';Qa!: ~ 
Gravels . '. '. ' , . ...!-

AND 

""" ,,' " "" ,'\. ,'\. ,', 
Trinity 
Sandstone 

, "" " ", "", " '\ '\. '\. '\. 

Redbeds ~~~ 
(undifferenliated~ C:b ~ 

Hoxbar 
Format ion 

Deese 
Formati on 

Oornrck Hills 
Formation 

ITRn 
~ 
§2~~ 

<,,,<, ', ,~,'~ " 
'\.''<' ,' ", 
~ " ",~ " ", 'ROVEN E~~," 

c: ",'" '- '- """"""" ",,,' 
.')! , ,,-' ,,',","" " " , 

~ , ,' "", ," " ,,' 
~ ",',"",,' "'" ~ ,"',' "' ..... "",- ' '\.'-, .., ,," ',,' ",' """ c ,'-<' ,,-,,, ,,, ' '''''''-, 
c: " " , "'" 

Cl) 
C') 

~ 

CJj 

Springer 
Formation 

cf ~ ..... " " ~" ..... ,',," ~ .... "~~" ~ .... 
",~,' , '," '"""", 

"" " '- " .... "" '\.,,"" I ... 
'- ,,' ",," " ,'" -J m 

~c 
.... ,~ , '- ,,'- 't) 

Caney Shale 

Sycamore 
Limestone 

Woodford 
Cherl 

HunIon 
Formation 

" ,,"" .... ,' ~ " " 
"" " " ,," ~,''''''' f..-: ' ,Kt', , , " ~ 
~ ,"~, ~ ," ', 

nTITl 'i 
Lflru :; 

" ,,- .... ,' """,,-
Cd ' , ' " " , '" " , ' , , ,,-,' " " ' ,-, .... ,' '-", , ' '-, " '-, 

'- ,," .... '\. "" .... ,,"'" ~,' " .... ,,::: " " 
'\. .... " "" " " " " ..... ,,""' ..... "" " .... ,, '- .... '- ' ,,, '" " " ",' ' .... ' , '", ",' ." " .... ,,-, ..... , 

" '~", ,'- ,,' ,'"" ,,-,<, .... 
cc:: " " .... .... ,,' ,"""" 
'b ~ "" ',,, " .... "' "" " " " " " 
c:C "", "" "" 

~ ~ 
IU~: III 

ï:'!tr. ' "" ,-""' ,-, ,-~ 
,,0 ,"'\. "" .... ",-, 

SylvanShale Ss ~~ "<~~ , 
Viola 
Limestone 

Simpsoo 
Formation 

--- ' '\.' '" " " ", 

~ , " " "" " MA , , ' " '",' 
Ov ": ,,',"" "','". ","""' " ~ " " " " ..... ~ .; ~ <' " '\. ',\' '-" '- ..... " ,," , 

" .... '-"" ;" ".... ~"" \, ..::-" " " " Kt \, " " .... '- '- " 

8 " " ' , ",' " ~ 
OS5 , , " , ' ,~,' ~, ':::-" , ~ "" "" , ," ,' , " ",-, "',, ,,~,,' ,,"', Cl) 

Arbuckle '" 
. '" " , "" " ' (Q Ltmeslone ' , ,,', " , , " , " , ,'," , ', "" L. '"'' " "" ''-,'" ..... , .... " " ",''-' "" "', ",'",','-' , "" '-'",,''' " " ' , , , " " 

.... " " '" " " '\. ~ " " .... " " . " '. 
R. lt;. R.ZE. 

GEOLOGIe MAP OF THE ARDMORE BASIN 
CARTER AND LOVE COUNTlES.OKLAHOMA 

8Y 

c.w. TOML/NSON 

(Reproduced by perrniSS 1'on 0/ the Oklahoma Geological Survey Iron! Bulletin N o. 4 6.) 

Verhandel. Afd, Natuurkunde (Tweede Sectie) D l. XXVII. 

... ...... R.3E. 



THE PERMO-CARBONIFEROUS OROGENY IN THE SOUTH-CENTRAL U. S. A. 23 

bt. limited to the Ouachita System. where we will discuss it hereafter. 
The Springer sediments may have originated exclusively fr om the Ouachitas 
in the southeast (cf. page 41) . (99 . p. 21). 

The Criner HiJls remained emerged and continued to yield detritus from 
the close of Springer time until the end of the Deese period at least. They 
became finally submerged and buried only in Hoxbar (upper-Strawn) time. 
However. it was only in the lower part of the Dornick Hills division . 
inclusive of the Bostwick conglomerate. that the Criner Hills were the 
principal souree of the deposits . After Bostwick time. the Glenn sediments 
seem derived more from a Ouachita facies souree in the southeast than 
from Wichita ranges (cf. Table lIl) . 

The middle-Carboniferous Wichita diastrophism. therefor. was of con­
siderable duration in the Wichita province : from uppermost-Mississippian 
to early-Pennsylvanian . It shows two marked pulsations : one in the upper­
most Mississippian probably just after Pitkin time (and very possibly 
confined exclusively to the Ouachita system). causing the de posi ti on of the 
Ouachita flysch and the equivalent Ardmore Caney-Springer sequence; the 
second ph ase, at the end of the Morrow, causes the folding of the Wichita 
system proper (anyhow of the frontal chains) . and the deposition of the 
Pottsville molasse of the Ouachitas and the Glenn detritus of the Wichitas 
(Ardmore Basin. etc.). To which of these two phases the movements of the 
structures on the Plateau. between the middle-Mississippian and the 
Cherokee submergences. must be referred. cannot be ascertélj~ed: they are 
just general Wichita-phase movements. 

2. The Arbuckle phase of orogeny. 

The Criner Hills were folded simultaneously with the Wichita Mountains 
at the close of Springer time. This Wichita folding did not affect the ma in 
part of the Ardmore Basin . Here. and in the en ti re area west of the Wichita 
River. including the Arbuckle Mountains. th ere is no evidence. either 
stratigraphic or structuraI. that any movement started before Deese time 
(lower-Strawn) at the earliest. No angular unconformity interrupts the 
essential parallelism of the strata fr om the Cambrian Reagan sandstone to 
the top of the Hoxbar formation (lower-Cisco) . Then. at the beginning of 
middle-Cisco time. about at the end of the Thrifty period of Central-Texas. 
therefor very late in the Pennsylvanian. a tremen do us break occurs. North­
west of Ardmore the red base of the upper-Cisco Pontotoc conglomerates 
overlaps the upturned and truncated edges of the entire series of formations. 
down to the pre-Cambrian. transgressing over same 25 .000 feet of 
sediments. (See Plate 2. ) 

This diastrophism. which we call the Arbuckle phase, is the effect of a 
renewed push to the NNE. It strongly reaffected the Criner Hills. com­
pressed the orrginally much wider Ardmore Bas.in into the present very 
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narrow trough, and now strongly folded and even crumpled the southern 
end of the Hunton Arch, thereby creating the Arbuckle MOlmtains . 

The Wichita Mountains were also intensily reelevated at this time, and 
the th ree original ranges compressed closely together. The Anadarko 
deep was depressed, and began to be WIed with its great thickness of 
upper-Pennsylvanian and lower-Permian sediment, largely originating 
from the Wichita Mountains. The Ringling-Waurika Basin was also 
depressed, and possibly originated only at th is time. 

The Amarillo Mountains were also considerably lifted and now yielded 
the erosional detritus of " the granite wash", so important in petroleum 
geology. 

Farther out on the [oreland, the Arbuckle orogeny is not indicated' by a 
very pronounced major unconformity, but ra-ther by a change in the process 
and character of sedimentation, influenced by the expanse of lands emerged 
by the Arbuckle phase (cf. pages 29-31). There exists a rather 
widespread break and erosion period, however, coup led with minor 
unconformities , which can be traeed , and permit to time the Arbuckle 
phase, relative to the Kansas section, as occurring principally near the 
end of Lansing time and, anyhow, previous to most of the Douglas deposi­
tion. Disturbance, however, beHins since the end of the Marmaton division. 

At the time of the earlier Wichita diastrophism, there probably was no 
[olding in the Arbuckles, but nevertheless th ere occurred a general up­
buIging of the Hunton Arch. SIONEY POWERS (83, pp. 1052-1053) 
describes a conglomerate at the base of the equivalent of the upper part of 
the Dornick Hills series of the Ardmore Basin, in the Mill Creek syncline, 
just north of the truly ·folded chains of the Arbuckle Mountains, containing 
an assortment of pebbles proving that the sedimentaries of the Arbuckle 
sequence, with the exclusion of the granite, had been uplifted and truncated 
at that time in the region. This conglomerate is not found to the nor th of 
Ardmore, only ten miles farther to the south. This disturbance is perceptible 
as far north as Seminole county, where a pronounced unconformity separates 
the Wapanucka limestone (overlying the "Cromwell oilsand" ) from the 
succeeding Pennsylvanian beds (Boggy formation) . That regionaI 
emergence and active eros ion occurred already at this time in the Arbuckle 
region, depositing non-arkosic limestone conglomerate, is also proven by the 
Franks conglomerate, which farther to the north grades into the Hartshorne, 
Me. Alester, Savanna and Boggy formations. Evidently, erosion had not 
yet cut down to the pre-Cambrian. Certain movements in the foreland 
cöntinued till after Atoka time, sin ce the Hartshorne sandstone overlaps the 
offlapped Atoka series, and again the Savanna the Me. Alester. Disturbance 
is renewed in Thurman time (80) . 

North of the Wichita Mountains the upper-Pennsylvanian, beg inning 
with the "Glenn series", unconformably overlaps the older Pennsylvanian 
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on the southern edge of the Anadarko Basin. This is the repercussion of 
the Wichita orogeny. The upper-Pennsylvanian Glenn period is a relatively 
quiet one here. depositing blue and brown shales. with thin limestones. as in 
the Ardmore Basin. but much thinner. proving entirely similar conditions in 
the entire length of the Wichita foredeep. The Pontotoc. upper-Cisco. 
however. is also a thick granite wash (1600 feet). grading into redbeds 
farther northward. This proves that the Arbuckle phase also af[ected the 
Wichita Mountains . 

In Wichita-Albany time erosion had apparently finished in the Wichita 
Mountains: for the Stillwater beds of this age consist of blue shales 
and limestones. layers of anhydrite and dolomite. The upper-Permian 
Redbeds. however. give evidence of renewed erosion. but these materials 
came not [rom the Wichitas in the south. but [rom the Ouachitas in the east. 
The Wichita mountains must have been practically completely buried by this 
time. These Permian strata overlie Wichita rocks with a dip of only 20 to 
40 · feet to the mile. but along the edge of the uplift. they are tilted three 
to seven degrees. Possibly the Wichita mass. though remaining buried. 
was slightly elevated in later Permian time. The Permian beds on the 
Cement. Knox and Chickasha anticlines are also "folded". Probably how­
ever. much of this may be the effect of compact ion (13) . 

The principal [olds of the Arbuckle Mountains are the Timbered Hills 
and Tishomingo-Dougherty Ranges. folded only by the just described 
Arbuckle orogenic phase. It is not improbable that at trus time a moderate 
amount of thrusting took place in the northern Arbuckles. A rather major 
overthrust seems to be suspected by R. H . DOTT (38. p. 17) . His 
argument is the sudden absence of the enormous detrital Glenn series 
on the Hunton Arch. within only a few miles of the Arbuckle Mountains. 
The equivalent of the Glenn is only very thin and unconformable on 
older beds. as is generally the case in north-central Oklahoma. There 
are at least 15.000 feet of Glenn sediments in Township 3 South . and 
practically none in Township 2 North . DOTT suspects the thrustplane 
in the Wichita River gorge between Berwyn and Dougherty. in the "Mill­
creek syncline" . In this region th ere is a structural relief of some 10.000 
feet. Within the northern Arbuckle Mountains the Hunton Arch is much 
crumpled and faulted by Arbuckle trends crossing it. 

It does not seem necessary. however. to resort to wide overthrusting to 
explain th is difference in sediments. The great thickness of Glenn material. 
that DOTT refers to. lies in the Ardmore Basin. the oId foredeep . and to the 
south of the later Arbuckle Mountains. The shortening of this originally 
much greater distance and the compression of the formerly far wider 
Ardmore Basin occurred during this same Arbuckle phase (Cisco) . The 
region north of the Arbuckles. where the Glenn sequence is practically 
absent. was always outside o[ this [oredeep, and moreover on the already 
buiging Hunton Arch. already uplifted by the Wichita diastrophism. and 
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therefor less apt to receive these molasse deposits. The shortness of thc 
present distance is only the result of the violent compression of the strata 
by the Arbuckle phase, which greatly narrowed the Ardmore Basin. This 
may have caused fractured slices, slightly thrust over each other on the 
Hunton Arch, within the Arbuckle Mountains, but this is very different 
from the true nappe-structure of the neighbouring Ouachita Mountains. 

The Arbuckle Mountains, therefar. must be chiefly cansidered as a piece af 
the foreland . made specially resistent by the presence of the ancient Hunton 
Arch, which was first bulged by the Wichita ph ase, and afterwards falded , 
faulted and possibly moderately overthrust by a posterior push in the 
late-Pennsylvanian, the Arbuckle phase. This later push lifted the Arch 
considerably more and drove the Pennsylvanian sea far to the north. The 
sea only readvanced again in Shawnee (Vamoosa) time, at the very end of 
the Pennsylvanian epoch. 

THE BURIED RANGES OF THE WICHITA SYSTEM. 

The features sofar described are the only exposed portions of the 
Wichita mountain system. The extensive drilling in this reg ion has given 
us a fair idea as to how these structures are connected in the subsurface. 

Buried en echelon folds. belonging to the general anticlinorium represen­
ted by the Criner Hills. conneet these la tter, across the intervening depres­
sion (80 miles), with the exposed eastern end of the Wichita Mountains . 
Several of these folds cause accumulations of petroleum in the overlying 
younger sediments, domed largely by eompaction. The bes't known of these 
structures are at H ewitt. Healdton . Loco. Woolsey (Township 2 North, 
Range 6 W est) , and N ellie (Township 1 North , Range 9 West). 
That the Crin er Hills. which formally were a lso buried beneath the 
Deese formation, are now exposed at the surface, just south of the 
Arbuckle Mountains, whilst allthe rest of the anticlinorium is buried. 
is most probably due again to the rejuvenating influence of the Hunton 
Arch, that caused the uplift and exposure of the Arbuckles, and al most 
certainly extends under the Crin er Hills in their basement. The prominenee 
of the buried uplifts in the Nocona and Bulcher folds , still farther to the 
south in Montague and Cooke eount'Î~s , Texas, may even be due to the 
selfsame influence. 

The underground continuation of the Arbuckle fold of the Tishomingo 
granite range has probably been eneountered 10 miles north of Durant on 
the Blue River in a weIl in Sect. I, Township 5 South, Range 9 Ea1\t. 
Even the Knox and Cement foothills folds may be related to this trend , 
SIDNEY POWERS believes that the swell of the northern Arbuckles can be 
tra eed to the west as far as Pauls Valley (83, p. 1050) . 

The trough of the Ardmore Basin can also be tra eed farther to the 
northwest and southeast under the blanket of Redbeds and Cretaceous. 
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It appears to widen wh ere it was less subject to compression against the 
buttress of the Hunton Arch. The folds at Veima , (in Stephens county, 
Oklahoma), Graham, Caddo and Overbrook (in Carter county, Oklahoma). 
and at M adill (in Marshal county, Oklahoma), are evidently situa,ted 
within this basin. They are typical Arbuckle phase structures, consisting 
of steeply compressed Pennsylvanian, unconformably overlain by upper­
Cisco Pontotoc and Redbeds. T he Preston anticline in the Cretaceous (in 
Grayson ' county, Texas) may indicate a buried extension of these same 
conditions. Here the Cretaceous is folded in the same trend and in direct 
continuation of the Ardmore Basin folds. Ordovician rocks, in Ouachita 
facies, were reached here in several wells directly underlying theCretaceous. 
The presence of this facies makes its relation to Ardmore Basin foids a little 
doubtful. This anticline lies in ·the center of a deep trough. Other minor 
anticlines with the same trend occur in this Cretaceous depression (SIDNEY 
POWERS, 83, p. 1058) . It is probable that this Mesozoic trough ;s a 
posthumous reflection of the continuation of the underlying Wichita-fore­
land basin , under the overriding Ouachita nappes. 

All the foredeep folds here described , seem true foothills foids in front of 
the Wichiias, comparabie to the open foids in front of the Ouachitas in the 
Coai Basin of Okiahoma and the Arkansas Valley (99, fig . 2) . 

The Wichita-Criner Hills Range, though apparently the most important, 
is only the Erontal range of the Wichita system. Farther to the south. 
separated Erom the frontal chain by another deep trough, fiIled with 
Pennsylvanian and Permian detritus, the drill has again revealed a 
number of anticlinal structures, overlying buried pre-Pennsylvanian ridges 
They occur all along the Red River, particularly in northern Texas, in an 
en echelon alinement, following the same Wichita strike. 

The ·deep intervening W aurika-Ringling-M arietta Basin (see Piate 8) 
is indicated by several welIs, which have penetrated near to 5000 feet of 
Permian and upper-Pennsylvanian, down to the Deese, without reaching 
any older strata, although to the north, in the Duncan foid, Ordovician 
is reached at 3500 feet, and at Loco, still higher up on the Wichita 
'Mountains doming, Ordovician already occurs at 1500 feet. In parts of this 
basin, notably in its southeastern portion, more of the enormous sequence 
of the Ardmore Basin Glenn series may possibly be represented, although 
th is synclinorium seems mostly caused by compression through the 
Arbuckle phase. Even as in the Ardmore Basin, mjnor folds , always foIIo­
winS the same trend, occur in this depression. To the south of this synclino­
rium, at Oscar, the Deese (Strawn) again rests on Ordovician limestone and 
pre-Cambrian. Whether pre-Deese Pennsylvanian is present or not in the 
basin , cannot be affirmed . 1) The same condition exists sou th of the Red 

1) In 31-4 S-9 Wand in 28-5 S-8 W, Cambrian sediments we re encountered helow 
the . Deese. These are thought to he equivalent to the Honey Creek limestone of the 
Arbuckles and Williams formation of Texas. (Communicated by F . H. LAHEE). 
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River in the Nocona fold in Montague county, Texas, and still farther to 
the southeast, in the Bulcher anticline in Cooke county, Texas. (J. R. BUNN, 
24, 1930, cross section) . 

All these · pre-carboniferous rocks are in Wichita (foreland) facies. 

The southern system of buried ranges is known in the literature as 
the Red River Arch, because they express themselves as a broad arching 
in the younger formations at the surface, overlaying the real truncated 
burie.d ranges. The northern chain begins in northeastern Denton county, 
Texas, wh ere wells encountered Ellenburger limestone at 1400 feet. Wells 
in Cooke county have drilled more then 1500 feet in such limestones, 
indicating that geosynclinal development persists in the pre-Mississippian. 
A zone of granite uplifts and "granite wash" with old-Paleozoic limestones 
on their flanks , extends in the subsurface from Denton and Cooke counties, 
across northeastern Montague county, Texas, into southern Jèfferson 
county, Oklahoma. A secorLd southern chain extends from northern Clay 
county, westward through Wichita and Wilbarger, into Foard county 
(See Plate 8). Several wells encountered diorite , granite and granite wash 
(probably middle-Cisco) on the ridges , whereas, along the flanks , the wells 
r~mained in Ordovician limestones. The structure is asymmetrie , more 
steepsided to the north , proving that the pressure came from the south. 

This is , apparently, a more complex system of ranges than the buried en 
echelon chains between the Criner Hills and the Wichita Mountains (the 
front range) . Several more or less parallel lines of en echelon struetures 
seem included in these central chains. The welIs encounter granite more 
frequently than Ordovician limestones, possibly because only the highest 
culminations are sought and drilled by the petroleum geologist, who looks 
for accumulations of petroleum in the overlying upper-Pennsylvanian strata . 
(Prolific oil and gas fields are located on these folds , the most important of 
which are the Petrolea, Burkburnett and Electra fields. The area is also 
noted for its occurrence of hel~um in the natural gas) . The Pennsylvanian 
comprises Canyon and Cisco, in a facies similar to the Ardmore Basin 
series. The Canyon, however, beg ins already to assume the more limy 
facies of central Texas, whilst the Cisco begins to lose the coarse eon­
glomeratic Pontotoe charaeter and to develop bituminous shales and inter­
calated oilsands, though streaks of eoarse grits and conglomerates are still 
present, notably on the ridges. 

The Bend lies unconformably on the Ordovician of the southern flank 
of the Arch, indicating the Wichita orogeny (S . POWERIS, 83, 1929, p. 
1062). The Pennsy lvanian series seems confined largely to Cisco and 
Canyon. The Strawn formation of central Texas extends from the Llano­
Burnett uplift northward to W ·ichita and Clay counties, where according to 
POWERS (83, p. 1061) , it is overlapped unconformably by upper-Canyon. 
This points to the precursory movements of the Arbuckle orogeny in the 
Ardmore Basin and the Crin er Hills, as it is indicated there in the Hoxbar 
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sediments. Astrong folding is again in evidence late in the Cisco, when the 
Permian unconformably over lies the folded and eroded Pennsylvanian. This 
is the Arbuckle phase. (See also F. E. KENDRICK and H . C. McLAUGHLIN, 
61,1929) . 

Therefor, it would seem as if these, possibly also somewhat older ranges 
were more deeply buried under Pennsylvanian sediments than the frontal 
chain . Only the highest ridges. which are al~o best explored, seem to 
emerge. There is no Strawn on these. but only Canyon. and often only tne 
Cisco, rest on the pre-Carboniferous limestone. 

It does not seem improbable that, as in many other mountain systems, 
the more central and southern chains of the Wichita system had begun to 
break down already at the time of the final orogeny in the frontal range. 

Local , lenticular , coarse, arkosic sandstones and conglomerates in the 
upper Cisco redbeds in Cooke, Montague, and Jefferson counties, however, 
indicate the effects of the Arbuckle phase, and that erosion remained active 
at several places, where the ridges were emerged. (ToMuNsoN, 99, pp. 47 
and 58) . 

TH E PERIOD OF EROSION. 

A great mantIe of detritus is spread over the entire foreland region, ori­
ginating from the Wichita Mountains and the adjacent Ouachitas. A con­
siderable unconformity, representing the Arbuckle orogenic ph ase, divides 
these sediments in a lower and an upper series . Only this upper part is 
arkosic, in the reg ion north of the Wichita-Arbuckle Mountains, showing 
that it was the Arbuckle phase. that finally caused the pre-Cambrian in 
the Wichita system to be elevated sufficiently to become bared byerosion. 

It were not only the Wichita ranges that, before the close of Pennsylva­
nian time, had been eroded down to the granite core. The same applies 
to the Arbuckle Mountains . The Franks conglomerate, north of the 
Arbuckles, which is equivalent to the Bend and most of the Strawn, 
is still non- arkosic. The same applies to the limestone Bostwick conglo­
merate in the Dornick Hills formation (lower-Millsap) of the Ardmore 
Bas in and the Mill Creek Conglomerate of the Arbuckle Mountains. Af ter 
the Arbuckle phase, however, which , as we saw, began at the end of the 
Canyon and culminated in middle-Cisco time, the Pontotoc conglomerate 
contains much graniNc matef>ial, mixed with pre-Carboniferous limestones. 

The erosion detritus of the older Pennsylvanian, deposited previous to 
the Arbuckle phase, seems to have originated to a far greater extent from 
the then more important Ouachita Mountains, than out of the Wichita 
ranges. These deposits seem weil developed only in the more eastern ba­
sins. These feil within the great foredeep belt of the Ouachita Mountains, 
which we will discuss hereafter . These mountains, however, did not then 
occupy their present location. but were situated considerably farther south . 
On both si des of the Wichita Mountains proper, west of the Ardmore 
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Basin, only a th in layer of non-arkosie , shaly and limy older Pennsylvanian is 
known to rest on the Mississippian. It is particularly the upper-Cisco "gra­
nite wash" that is such an important feature on the fIanks of all the Wiehita 
chains, (equivalent to the Pontotoc). It must be born in mind, however, 
that we know next to nothing about a possible development of the Glenn 
sequence in the Anadarko Basin, where most of such materiaI. if it ever ori­
ginated from the Wiehita Mountains, should have collected. Farther from 
its source the older Pennsylvanian material becomes ever finer and more 
decomposed, 50 that in the end it cannot be differentiated from normal 
redbeds in the weIl logs. 

It seems cIear, therefor, that in the Wiehita system the main topographie 
elevation and consequent active erosion of the mountains occurred through 
the Arbuckle (Cisco) orogenic phase, and that before this time the 
Ouachitas were already the more important mountains. The Wichita oro­
genic phase, though causing important folding and affecting al most the 
entire foreland, must principally have occurred at greater depth in the 
subsurface, and at least for the frontal Wichita ranges, it cannot have 
caused important elevation of the surface1 ). 

The relative importance of the Arbuckle (Cisco) phase in the Wichita 
system is further indicated by the influence of these ranges on the redbed 
facies of the sediments in their entire surrounding area. The upper-Permian, 
above the San Angelo--Ouncan horizon, is everywhere developed as red­
beds, but this latter facies begins to descend ever deeper in the lower­
Permian in central Kansas as weil as in northern Texas. In southeastern 
Oklahoma and northe:.astern Texas the red facies encroaches weIl down 
into thc upper-Pennsylvanian Cisco, but not lower. The transition is not 
merely in color, but at the same time that the blue shales turn red , the 
limestone ledges in the series disappear and turn into red sandstones. First 
the shales turn red, somewhat farther the sandstones also become red. 
Some few limestones still persist for several miles into the area of the red 
facies, thereby making excellent key horizons for purposes of correlation, 
but these also disappear eventually. On the geologie map the redbed facies 
cuts diagonally across the strike both in Oklahoma and in Texas, reaching 
farther to the east, meaning farthest down into the Pennsylvanian, in the 
Arbuckle-Wichita belt. Marine fossiIs are absent; some few landplants and 
remains of land vertebrates indieate complete emergence. (CH. N. GOULD , 
46). These significant facts cIearly in di ca te th at this condition is connected 
with the Wichita mountains. 

1) It may be emphasized here that work in the Alps brings out ever c1earer that 
the major topographic uplift of a mountain chain need by no means be contempo­
raneous with the major orogenic phase. The higher elevations of the Eastern Alps. where 
a complete sequence of upper-Tertiary sediments permits a more correct timing of the 
physiography. began their major present uplift late in the Miocene. if not in the Pliocene, 
and bulged only into relatively lower ridges at the time of the major orogenic phase 
in the Oligocene. Probably the Alps are higher now than at any previous time in their 
history . Much of them was .ubmerged under Miocene seas. 
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The red facies does not reach below the Cisco, in other words, not be/ow 
the Arbuckle orogenic phase. Here again it is this latter phase which mostly 
influences the character of the sediments. 

Farther west, in the Amarillo Mountains, the ranges do not seem to 
have exercised this influence on the color of the sediments. The beds are 
already non-red and non-arkosic on the southern flank of the western 
Wichita Mountains. On the southern flank of the Amarillo Mountains the 
sequence is probably quite thick, but non-red. The red facies of the Albany 
in Texas seems confined to the north-eastern region, outside of the area 
where later the Permian salt basin formed. 

This also indicates that the Ouachita complex had little , if any to do 
with the de velopment of the red facies in Texas. (We will see later that 
these mountains continue in the subsurface of all eastern Texas). It seems 
influenced exclusively by the Wichita system, and notably by its eastem 
end, and the Arbuckle Mountains, and to have originated only after th~ 
Cisco orogenic phase, when the granites became bared. 

By the close of Cisco time, most of the Wichita ranges must practicaIly 
have been peneplained. In Vamoosa-Wabaunsee time (uppermost-Cisco) 
sea covered much of the region, as far west as Harrnon county, in the 
southwest corner of OkIahorna . The Wichita Mountains may have emerged 
longer, constituting an island , but the southern ranges certainly did no 
longer contribute any coarse cla.stic material to the lower Permian (Albany) . 
How long the Wichita Mountains persisted as a surface elevation and 
remained emerged is uncertain . The Amarillo Mountains did not become 
covered until weIl in the Permian. The western peaks may have remained 
emerged longest ; these are al ready under the influence of the uplift of the 
Ancestral Rockies. 

In the Anadarko Basin the Permian Duncan sandstone still originated 
from the sou th and southeast. Felspar is still abundant northeast of the 
Wichita Mountains, but oecomes ever rarer toward the west, suggesting 
that the source may have been more from the direction of the Arbuckle 
Mountains than from the Wichitas. In the northern and western portion 
of the Anadarko Basin, the Permian sediments are derived from the west 
and northwest, out of the Ancestral Rocky Mountains region. (A. J. 
FREIE, 41 , pp. 37-38). 

Y ounger folding also begins to make its appearance in the lower Permian. 
Farther south, in central Texas, there are sharp folds affecting the San 
Angelo formation in Stephens and Comanche counties, and gentIe folds in 
the Wichita and Clearfork formations. The San Angelo sandstone seems 
to repose unconformably over the entire Permian basin of sou th western 
Texas. According to F . GOUIN (28, p. 19) , late Permian folding is in 
t>vir!t>nrt> ,,11 nvt>r c:nntht>rn n\r b hnm" Thp.c:p fnlc1s would indicate the 
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pre~ence, or at least a reflection of a Permian orogeny (Appalachian 
pha~e ?) in this reg ion. We will discuss later that the final overthrusting of 
the Ouachita Mountains may possibly have occurred in the Permian, about 
at the time of the San Angelo unconformity. 

Not all slightly buIging anticlines in Permian beds, however, indicate 
true folding. In quite a number of structures, notably within the belt of older 
sharp Wichita folds , it may in part be due to compaction over buried ridges. 
Part of this pre-Cretaceous warping affects the TrJassic. 

SUMMARY. 

We may now summarize the structure of the Wichita System as follows : 
The ranges are caused by the compression of a pre-,Mississippian intra­

continental geosyncline. The eastern end of this geosyncHne disappears 
under the Ouachita overthrusts; in the west it fades out before reaching 
the front of the Rocky Mountain System. 

The diastrophism is spread over two distinct phases : 
1. The early-Pennsylvanian Wichita phase; 
2. The late-Pennsylvanian Arbuckle phase. 
The first really folded only the Wichita chains proper, south of the 

Anadarko-Ardmore foredeeps, but farther north, caused considerable 
warping and epeirogenic uplift. The two sub-phases, which are so well 
distinguished in the Ouachita system, are not so indicated for the 
Wichitas. It is the second, post-Morrow sub-phase that raised the Wichita 
System. 

The Arbuckle phase was very marked , and strongly affected the topo­
graphy; it not only rejuvenated the Wichita chains, including the Red 
River ranges, but compressed the entire system, shoved the Anadarko­
Ardmore foredeep together, depressed the intra-mountainous Ringling 
Basin, and folded and thrust the southern end of the Hunton Arch into tJhe 
great foreland massif of the Arbuckle Mountains. 

Previous to the Arbuckle orogeny, the Wichita chains had become 
largely peneplained and submerge.d under upper-Pennsylvanian (Hoxbar) 
sediments. 

Af ter the Arbuckle orogeny, the Arbuckles and the rejuvenated Wichita 
ranges had become peneplained again by the close of the Pennsylvanian 
epoch , but the Wichita, and notably the Amarillo Mountains, persisted 
more or less into the Permian. 



z 
.ex: 

rJ) 

rJ) 

rJ) 

rJ) 

TAB LEI V. 

STRATIGRAPHY WITHIN THE OUACHITA 
MOUNTAINS. 

FORMATIO N. 
THICKNESS. 
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ATOKA 
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100 
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SHALE 
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Lower 
Strawn 

Bend 
(Morrow) 

Lowermost 
Pottsville 7 
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foreland) 

U ppermost­
Mississip­

pian 1) 

(Missing in 
foreland) 

DESCRIPTION 

Blue and black shales. with da rk brown sandstones; occurs 
also in autochtone Wand NW of Choctaw fault. on 
Hunton Arch. and in Boston Mounta ins (Winslow) . 
On thrustmass. largely sandstone in Oklahoma section. 
grading into predominant shales in Arkansas. except in 
southem zone; a few impure cherty Iimestone lentils. 
In general. c!astic character increasingly pronounced towards 
the east; in many places in the soul'hem exposures it is 
essen tially shale. 

Cherty fossiliferous Iimestone. Occurs in foreland and in 
Arbuckles. also in outer thrustzone back of Choctaw fault. . 
Not present between Atoka and Caney in eastem Atoka 
county. Okla. Not present back of Ti V alley thrustplane. 
Not present as Iimestone in A rkansas: inc!uded in Atoka. 

Blue and black shales. Does not appear in its typical facies 
within overthrust mass. and not at all back of W inding 
Stal r"thrust fault. A"MisSis~.ippian (7) shale. "Johns V alley 
shale . also called Caney. carries large erratic boulders 
and blocks of Arbuckle facies rocks in frontal thrustsheets 
of Okla homa section 1) . 

Fine to medium grey sandstone. in massive beds. interbedded 
with minor blue and black. carbonaceous shales. TypicaI 
of overthrust mass of Ouachitas; does not occur on 
fore land and in Arbuckles; only occurs south and east of 
Winding Stair thrust. 
Clastic charac ter increases toward tbe south 1) . 

D ark. often graphitic shales. partly indurated. w ith thin 
beds of hard greenish grey sandstones and qua rtzites. which 
increase in number and t-hickness to south~ast. 
Occurs exc!usively within Winding Stair th:-ustplane ; 
absent to northwest of same. 
Ha tton tuH lentils near base in Arkansas section (up 
to 100- 200 feet) . 
H ot Springs sandstone a t base in Arkansas. (200 feet) . 
wlth chert conglomerates in southem exposures. 
/v'vvvvV'/vV'~ Unconformity indicated in frontal zone. 

- Lower phase of WICHITA OROGENY _ 2) 
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ARKANSAS 
NOVACULITE 

~ 250-950 
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middle 

Devonian 
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Silurian 

U pper 
O rdovician 

Middle 
O rdovician 

Lower 

Ordovician 

Lower 
O rdovician 7 

Cambrian 7 
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,[hin bedded. white and black chert. with layers of thin 
b lack shale. According to ULRlCH : 
Upper portion : probably Keokuk (middle-Mississippian) . 
Middle part : Kinderhook-Chattanooga (Jower-Mississip­
pian). 
Lower part : Lower-middle Devonian of T ennessee. 
Lower-Devonian is absent. 
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Green and red shales 
and slates. conglomerate 
at base . 
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Hard quartzite and hard 
green slates, 
(Richmond fauna) . 

Jet black graphitic or 
carbonaceous soft gra-
phitic shale. 
(Pernvale fauna?) 

Black chert and Iimesto-
nes. interbedded with 
black slaty shales. 
(Trenton fauna) . 

Soft green sandstones 
a nd shales. notably de-
veloped in Arkansas 
section ; locally limes-
tones near top. 

grey siliceous sandstone. 
with beds of black and 
green shales. Conglom-
erate. 
--<small hiatus 7>--

black and green banded 
carbonaceous shales; 
thin beds and layers of 
sandstone and limestone. 
(Beekmantown fauna) 

Massive. coarse grained. 
white sandstone and 
quartzite ; Iimestone 
conglomerates a t base. 
(No fossils lmown). 

1 

Equivalent to middlr 
part of Talahina Cher, 
of northwestem portion 
of Okla:homa seation. 
NW of Octavia fault. 

Talahina Chert in north­
west portion of Oklaho ­
ma section. to NW of 
Octavia fault is equi­
valent to this horizon. 

Stringtown shale of 
northwestem portion ol 
Oklahoma section. 
(Base not exposed). 

~.-----------------

B1 uish black metamorphic sla te. graphitic. with minor 
conglomera tes and some hmestones. 

1 (No fossiIs known). 

1) There is controversy about the real age of the members o f the Atoka-Caney-Jackfork­
Stanley sequence within the thrustmasses of the Ouachitas. Fossils are few and rather 
indefinite; this applies as weil to the few marine invertebrates. as to plant remains. In 
addition. the structure is so involved. that it is nO'l: by any means certain that the various 
members have been properly named for each of the localities in th is great mass of f1ysch. 
The lowest member. the Stanley has been assigned to lower-Pennsylvanian as weil as to 
Mississipian. The best review is by HONESS and MI SER (76) . and M ISER and PURDUE 
(78) . Tu,ey conclude tha t the Arbuûkle "Caney" contains !?ennsylvanian as weil as Missis­
sippian strata. and that the Jackfork-Stanley are defin itely Mississippian . U LRICH assi'gns 
tbe Jackfork to the lowest Pennsylvanian. It seems to the writer . that we may be assured that 
lowermost Pottsville as weil as uppermost Mississippian are represented in this f1ysc:h. These 
particular horizons are represented by a widespread hiatus over the entire foreland (118). This 
is the point of major interest for our purpose. T he correlation of ULRICH has been used in 
th is table. 

2) Confer our T able III fo r the influence of the Ouachita facies as source reg ion fo~ 
sediments of the Ardmore Basin. 



THE STRUCTURE OF THE OUACHIT A SYSTEM. 

The at present exposed Ouachita Mountains occupy a belt 50 to 60 
mil es broad, from Atoka county Oklahoma, eastward into Pulaski , Saline 
and Hotsprings counties, Arkansas, or a length of 215 miles. This is only 
a minor portion of the entire chain: all along the southern and eastern 
border of the present exposure, the mountains disappear below the 
Cretaceous blanket of the Gulf Coast Plain, or the T~rtiary of the Missis~ 
sippi Embayment. Only on the western and northern sides of the Ouachita 
Mountains is the edge exposed, in the form of large overthrust faults. 

Wells have encountered the Ouachita rocks within a belt of about 40 
miles width to the sou th and southeast of the outcrops, all along a line from 
BosweIl in Choctaw county, to Bokhoma in McCurtain county, Oklahoma. 
and beyond the Arkansas line, up to near Fordyce in Oallas county, and 
west of Rison in Cleveland county, Arkansas. Then again a number of wells 
in northeastern Texas reached Paleozoics of the Ouachita facies in Grayson, 
Fannin and Red River counties, Texas. 

The stratigraphy of the Ouachita Mountains is descri~d in a condensed 
manner in Table IV. 

Recently a good synopsis of the structure of these mountains has been 
published by H. O. MlSER (77, 1929), from which publication the writer 
is liberally quoting. Another important recent paper by F. A. MELTON (73) 
has appeared in 1930. We mayalso refer to the recent Bulletin No. 3 of 
the Arkansas Geological Survey, by C. CRONElS (115), and E. O . ULRICH 'S 
stratigraphical studies (I 03). Other literature is mentioned in the 
bibliography. 

MlSER (77) gives interesting geological and structural maps in his Plates I 
and 11, which are here reproduced, with the kind permission of the Oklahoma 
Geological Survey and of the author, in our Plates 3 and 4. These maps 
give all such information as is sofar known. The recent geological maps of 
the States of Oklahoma (75, 1926) and of Arkansas (20, 1929) are also 
referred t~. The structure, however, is very complicated and the of ten 
rather inaccessible or poorly exposed region has not yet been worked in 
sufficient detail to permit us to consider these maps as by any means final 
and complete. Notably the great thrustplanes, which are so conspicuous in 
the Oklahoma section, fail al most completelyon the map of Arkansas. As 
we will discuss later, this must be erroneous. 

Nappe structure af the Ouachita Mauntains. 
The Ouachita Mountain structure is composed of a number of folded 

thrustsheets, which have glided on and over each other. In genera!. 

Verhandel. Afd. Natuurkunde (2e Sectie) Dl. XXVII. C 3 
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it closely resembles the structure of the southern section of the Appalachian 
Mountains. In front of the overthrusts lies a zone of open Iolds in the 
foreland, which gradually decreases in intensity toward the north. This 
also is in analogy with the Appalachians. 

To the west the Ouachita Mountains butt al most against the eastern 
end of the Arbuckle Mountains. The outerops at the surface are only 12 
miles distant, across the Boggy Creek valley in Atoka county, OkIahorna. 
As we have seen, the faults in the Arbuckle Mountains are not large 
thrustplanes as in the Ouachita Mountains, and it is very doubtful whether 
overthrusting has occurred in the Arbuckles to any notabIe extent. The 
strikes in the two mountain systems cross each other a/most at right angles. 

As we have already discussed, the rocks in the Ouachita Mountains 
are of an entirely exotic character, as compared to the sediments deposited 
in the Wichita geosyncline and all over the Plateau reg ion. Apart from 
this suggestion, the structure itself also clearly points to thrustsheets, 
pushed far to the north and northwest Irom some southern souree, now 
buried beneath the Cretaceous. The complex is tremendously contorted and 
broken, not only by several distinct large shearplanes, but by an inIinite 
number of smaller shearfaults and joints , and the rocks are distinctly 
metamorphosed and show cleavage in several places. The Stanley shales 
are metamorphosed over the entire reg ion and partly turned into brittle 
stony slates. But few of the flysch sandstones are quartzitic, but most of 
them have achloritic and sericitic cement. The Iormations are of ten cut 
by innumerable quartz veins in all directions. 

The crushed structure of the thrust blocks is explained by the fact 
that the moving mass is a pack of rather incompetent shales and shaly 
sediments, containing many sandstones, including some very massive 
members. The whole involved series, to the top of the Cambrian, insofar 
as it is known, measures close to 30.000 feet in thickness. 

The Choctaw thrustfault forms the northwestern edge of the Ouachita 
structure, but another indistinct shear, that apparently runs through the 
shale area of the Ti Valley, with poor, and consequently indefinitely worked 
exposures, appears to mark the northwestern boundary of the thrustsheet 
which contains the Ouachita-facies of reeks. This was already remarked by 
ULRICH (103, pp. 26-27) and POWERS. Better marked is the \Vinding 
Stair fault , a little farther to the south . On the northern side of the Ti 
Valley fault, the exposèd rocks are more nearly like those of the general 
foreland region, including the Arbuckle Mountains, whereas on the south 
side they are altogether different in lithology. Only two formations seem 
to be common to the two areas in a more or less similar facies : the 
Woodford chert (Iowermost Mississippian), and the Atoka format ion 
(lower-Pennsylvanian). (76, pp. 21-22) . In the sequence of the Ouachita 
facies the Wood ford is possibly represented in the middle part of the 



W. A. J. M. VAN WATERSCHOOT VAN DER GRACHT: THE PERMO~CARBONIFEROUS OROGENY IN THE SOUTH~CENTRAL UNITEDSTATES. 

.J 
~ 
dHansen Weil 
I 

Verhandel. Afd. Natuurkunde (Tweede Sectie) Deel XXVII. 

...-__ -t--­

~ . --. ---1--- -' ", o;tl!D---- ---
~~~~~~~~--~t--- />~ ~ 

"----/ 0' 

~I~ 
.JI~ 

. ~Ia: 

_.---

GRETACIEOUS 

I 
AND TERTIARY 

Structure Map of Oklahoma and Arkansas 
(Reproduced by permission of the Oklahoma Geological Survey from Bulletin 50, Plate Il.) 

PLATE 4. 

...--i-- _-·-.:..-........:-~---Î 
_ J, .-----------,- ----- -+---------_.l-.----------.-"" .,. 

o 10 20 , , 

\ 

30 40 

" '-~---

50MILLS 



THE PERMO-CARBONIFEROUS OROGENY IN THE SOUTH-CENTRAL U. S. A. 35 

Arkansas Novaculite (103, pp. 24-25). Between the Ti Valley and 
Choctaw faults the sequence laks both the Jackfork and the Stanley for­
mations (upper-Mississippian and possibly some lowest Morrow), which 
reach 15.000 feet in the Ouachita nappe, immediately 50uth of the Ti Valley 
and Winding Stair thrustplanes. North of the Ti Valley shear, the Caney 
shale rests immediately on the Wood ford chert, with an apparently broken 
contact (103 , p. 27) . The Caney member is not represented at all on the 
more southerly thrust masses; here Atoka .directly overlies the Jackfork. 
Whether the "Caney" in eastern Atoka county, east of the Black Knob 
chert ridge, within the th rust nappes, is real Caney, is a matter on which 
th ere is disagreement among geologists. ULRICH proposes a different name: 
Johns Valley shale (103) 1). 

C. L. DAKE (35) was the first who, to the writer's knowIedge, suggested 
in 1921 that the exotic rocks of the Ouachita Mountain reg ion we re thrust 
northward a long distance over strata, that have the same facies as those of 
the Arbuckle Mountains, nearby to the west. That wide overthrusting must 
be accepted to explain the abrupt change of facies has later been recognised 
by other geologists: R. H . DOTT (38, 1927), E. O . ULRICH (103 , 1927), 
S. POWERS (83,1928), M . G . CHENEY (27-28,1929) , and H. D. MISER 
(77, 1929), Since a number of years the writer has of ten expressed the 
view in correspondence, and to various colleagues on excursions in the 
region, that the Ouachita Mountains had an Alpine thrustsheet structure, 
(cf. also 83, p. 1042), ULRICH expressed the bel~ef in 1927 (103), that tlhe 
Ouachita rocks originated in an other geosyncline altogether than the 
Arbuckle facies, separated by another foreland , and that "probably during 
early Mesozoic time", the deposits of the Ouachita basin were "thrust 
into the middle and eastern parts of the geosyncline, in the western part 
of which the Arbuckle sequence of almost entirely different deposits was 
laid down". Except for the Mesozoic age of the fjnal overthrusting, his 
and DAKE's interpretation probably approach the truth closer than any other 
views which have sofar been expressed in print 2). 

That the Winding Stair shear, and also certainly the Ti Valley shear­
plane, are true low angle thrustplanes , is proven by the Potatoe Hills window, 
north of the Kiamichi river (cut by the county line between Latimer and 
Pushmataha counties) . This was discovered and described by MISER (77, pp. 

1) There is considerable con fusion regarding the formations described under the name 
Caney. We have mentioned already on page 22, that the Caney north and east of tbe 
Arbuckles should comprise both Caney and Springer of the Ardmore Basin. The Caney 
of the foreland and the Ouachita nappes is another instance of confusion. We wil! revert 
to this problem when discusslng the exotic boulders of the Ouachlta "Caney". 

2) Not all the geologists cited seem equally convinced of the great distances these over­
thrust masses may have travl'lled. MISER suggests about 20 miles, DAKE "scores of 
miles", ULRICH "a hundred or more miles" . The latter also compares them to the Alps 
and the Himalaya. 

C3* 
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18-- 19 and fig . 6). The Carboniferous, as weil as older rocks (Talihina 
series) appear in a window of overthrust rocks of Ordovician, Silurian, 
Devonian and Mississippian age. The thrustplane nature of the indistinct 
Ti Valley faultzone is clearly indicated by three similar, smaller, window­
like areas in the shale lowlands of the Ti valley, near Wesley, and along the 
branches of the Brushy creek, on either side of the town of Ti (see 75). 
These exposures show Caney shale overlying Wood ford chert (Talihina) 
with a broken contact, suggesting a tectonic juxtaposition. Under the chert 
lies some highly siliceous limestone, the fossils of whieh indicate lower­
Devonian (103, p. 27) . 

The Boktukola and Octavia faults are also decided low angle thrust­
planes. Mapping in 1923 by HONESS in McCurtain county, southeast of 
the Boktukola fault in the area of pre-Carboniferous rocks, seems to have 
revealed this . He not only shows faults around much of the centra I portiori 
of the pre-Carboniferous area , but also that the Cambrian and lower­
Ordovician strata there do not partake of the folds in the rocks th at sur­
round them (MISER, 77, p. 21 - 22, and fig . 7) . This indieates either 
another window or an outlier of another nappe. The fault surrounding the 
McCurtain wind ow, may be a southward continuation of the winding, 
warped Boktukola fault. 

In order to understand the difficulty of mapping the thrustfaults in the 
eastern Arkansas section of the mountains, we must bear in mind, that 
the Atoka formation changes locally Erom sandstones into shales and vice 
versa; only in the northeasternmost exposures it, seemingly, consists very 
largely of sandstone. At many pI aces in the southern exposures, the for­
mation consists predominantly of shales. At the contact with massive sand­
stones, thrustplanes are clearly in evidence. They are mostly mapped on 
the contact of the Jackfork sandstone with shales. 

In Arkansas we still have the massive Jackfork sandstone of some 6000 
feet, but here the outcropping rocks happen to consist far more of Stanley 
shales than in Oklahoma. The Jackfork member is seen to be bent into 
closely compressed ancl broken folds in the southern part of the mountains, 

. some of which are overturned. Thrustplanes are little in evidence in a shaly 
topography of this character and could only be located through a very 
detailed survey and paleontological work in the poorly exposed and almost 
unfossiliferous shales. 

On the geologic map, the major thrustplanes of the Oklahoma section all 
seem to pass eastward into shale areas and become lost (cf. Plate: 3). The 
question is whether the nappes are not really present. In this connection it 
is also interesting to drawattention to the Ti Valley shear in Oklahoma, 
almost the most important feature in these mountains, since it divides the 
autochtone facies of the foreland from the Ouachita facies. Yet on the 
recent map of Oklahoma only small disconnected parts of it have been traced. 

The geologie map of Arkansas makes it look very possible that the 
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overriding mass has been preserved much farther north in Sebastian and 
Logan counties. Arkansas. at least in outliers. Even som~ patches of 
"J ackfork" have been mapped there. a formation conspicuously absent 
anywhere else in the foreland . These patches are marked between Wash­
bum and Chismville. and just south of Waveland . The relation seems 
insufficiently cleared. If this is true Jackfork. it suggests northern "klippen"­
outliers of southern nappes. 

If there is so much overthrusting in the Oklahoma section. a similar 
structure should certainly be expected to an increased degree in Arkansas. 
directly south of the great Ozark buttress. which should have caused 
increased compression. That the compressive forces have not decreased. is 
shown by the continuation of strong open foothills-folding in the Perinsyl­
vanian foreland. to no less degree than in Oklahoma. (20. 115). 

The general arcuate structure. which after a slight concavity to the 
north in Polk ond Montgomery counties. Arkansas. again turns conVeX in 
a pronounced manner in Garland and Saline counties. is an additional 
indication for a powerful northward push . The foreland folds again 
indlcate a more eastern convex loop in Faulkner. Cleburn and White 
counties . north of wh ere the mountains themselves are already buried tInder 
the Tertiary. 

The Arkansas secÜons drawn by PURDUE and MISER and published by 
the lat ter (77) . recall very strong Iy similar sections as were constructed 
for the Alps before the nappes-structure of these mountains was generally 
recognised . There these sections have been changed materially. They are 
now interpreted as superimposed slices. to which the frontal part of 
the nappes has been reduced ; they have been refolded together. or are 
interpenetrating each other. Special reference can be made to the frontal 
portion of the High Calcareous Alps in Glarnerland or the Median Pre­
Alps of the Haute Savoye and Freiburg (L. W. COLLET. 31). In the 
Variscan mountain massifs of Centrat-Europe the nappe-structure has 
only very recently been recognised to its complete and enormous extent 
(66. 89. 96). 

The writer feels convinced that further detail work in the Arkansas 
section of the mountains will reveal a structure of thrust nappes of no Iess. 
but rather greater importance than in Oklahoma. The mechanics of the 
entire region demand it. as weIl as the pronounced foreign character of the 
Ouachita sequence. 

A further strong proof for the nappe-structure of the Ouachita Mountains 
in Oklahoma. are the exotic boulders of the Caney shale, presumably a 
"tectonic moraine" occurring as far east as the town of Stapp. on the 
Arkansas State Hne. This problem will be discussed hereafter. (See 
page 50). 

The striking fact that none of the Ouachita {olds show a crystalline 
co re. and that the pre-Cambrian rocks are nowhere revealed at the surface 
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or reached by wells. aho strongly sU9'gesrs a nappe-structure. These 
mountains have this feature in common with the frontal zone of all major 
thrust-chains. including the Appalachians. the Variscan Mountains of 
Europe. the Alps. the Carpathians and many others. This contrasts stron91y 
with su eh foreland ranges as are less or not all overthrust. as the 
Arbuckle- and Wichita chains, which all show a pronounced uplift and 
baring of pre-Cambrian basement rocks. The also strongly th rust Mara­
thon Mountains again show the Ouachita type, with absence of the 
crystalline core, to the north of the Solitario. 

Normal foreland structure and facies are found in the Boston Mountains 
and in the adjoining part of the Arkansas Va11ey. Here the strata lie hori­
zontal. are cut only by normal faults. and the Magnesian limestone series 
of the Ordovician, now approximately 1000 feet thick, in the normal 
Plateau limestone facies and development, rests on pre-Cambrian rocks, as 
proven by borings in Arkansas, and an outerop at Spavinaw Creek in 
Oklahoma. 

The Arbuckle-Wickita chains pass under the Ouachita thrustsheets. 
The manner in which the eastern end of the Arbuckle Mountains butts 

against the Ouachitathrustmasses. shows that the first must pass under­
neath the latter. Already in 1921 DAKE (35, p. 55) suggested this. and 
HON'ESS and MISER supported his theory. The Hansen we11 in Township -4 
South. Range 11 West. in southern Atoka County, Oklahoma (see Plate 4), 
encountered Arbuckle-facies rocks over the entire section (MISER. 77. p. 18). 
This proves not only that the overthrust rim of the Ouachitas must 
continue in an almost due southerly course. since this we11 must be west of 
it, but it also proves that the Arbuckle facies continues to the southeast 
and, therefore. must be overridden by the Ouachita rocks 1). 

MISER, HONESS and others believe, that the many remarkable asphalt 
deposits of the Ouachita Mountains of Oklahoma and Arkansas supply 
another proof th at Wichita-facies rocks underlie the Ouachitas. These 
asphalt deposits could scarcely have originated hom the markedly meta­
morphosed Ouachita rocks . but we know that the Simpson and other 
Ordovician strata are highly petroliferous and a notabIe souree of petroleum. 
in the facies represented in the Arbuckles. the Wichitas and all over the 
Plateau . This condition continues in Texas in the hinterland of the Wichita 

1) Recently this was again proven by se ver al wells on the Preston anticline. in Grayson 
and Fannin counties. Texas. entering Ordovician rocks. in Ouachita facies, dir~tly below 
the Cretaceous; this is about iO miles to the S and SSW of the Hansen weil. (cf. "Map 
of the Paleozoic of Ouachita Facies" . by E. H. SELLARDS ; advance notice from "Hand­
book of the Stratigraphy of Texas" in preparation. kindly sent to the writer whilst this 
treatise wal in the press). Graptolites obtained from one of these wells were identified by 
E. O. ULRICH as of a type found in the Stringtown and Womble shales of the Ouachita 
Mountains (E. H. SELLARDS : News letter from the Bureau of Economie Geology. January 
1931)). 
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chains. The Arbuckle Mountains and the adjacent ridges also show remark~ 
able impregnations of asphalt . On buried ddges, containing these same 
formations, prolific oilfields have been found in overlying Pennsylvanian 
beds (Healdton field, and many others) 1) . 

In the Ouachita series only the Stanley shale could be considered as a 
possible source rock of petroleum, but, as HONESS remarks , it seems too 
much metamorphosed to be very promising in this respect. Consequently, it 
is rather probable that these oi! and asphalt showings originate from other 
rocks than occur in the Ouachitas, in other words: the underlying Wichita 
facies. 

The asphalt is found in joints of the Talihina chert and in the Stanley 
and Jackfork formations, as fissure veins and impregnations in sandstones. 
This occurs as far east as Leflore county, Oklahoma, and all through 
Arkansas. (c. W. HONESS , 56). At Redden, in northeastern Atoka county, 
Oklahoma, sandstone ledges in the Stanley shale are saturated with heayy 
liquid petroleum at the small depth of 600 feet. The gra,hamite veins also 
turn soft in depth. Oil in the basal Cretaceous Trinity formation near 
Idabel. in McCurtain county, must also have its source in the underlying 
formations; the same must apply to impregnations in the Trinity at M·adill , 
in Marshall county, Oklahoma, and in Sevier and Pike counties in Arkan~ 
sas. It may even apply to Cretaceous oi! accumulations on the Preston 
anticline (see footnote on page 38) and still farther south in East Texas 
and southern Arkansas, although in this case we also have appropriate 
source rocks in the Cretaceous. 

We see, therefor, that the theoretical probability th at the chains of the 
Wichita system pass under the Ouachita Mountains and continue in the 
underlying autochtone, is supported by considerable proof. 

The fact that wells on the Preston anticline have found Ouachita facies 
rocks underneath the Cretaceous, does not conflict with this opinion. The 
Wichita trend of this anticline may well be due to the structure of the 
underlying autochtone, and yet be overlain by Ouachita nappes, which the 
wells, of course, have not pierced. 

THE TIME OF THE OROGENY IN THE OUACHITA MOUNTAINS, 

Previous writers have not been very dis tin ct as to the age of the 
principal diastrophism in the Ouachita Mountains, which gave these chains 
their present structure. It was generally placed "somewhere in the Pennsyl~ 
vanian"; many preferred "late~Pennsylvanian" (MISER) ; lately, however, 

I) Recently wells in northwestern Cooke county, Texas, notllbly the Hymans 8-6 
weil, penetrated prr-Mississippian limestone at the shallow depth of I iSO feet and obtained 
a flow of petroleum of as much as i370 barrels initia!. This is on the Muenster Arch, 
overlying one of the ~ntral Wichita ranges. directly south of the Arbuckle Mountains. 
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F. A. MELTON (73. 1930) advanced arguments in favor of an important 
orogeny after early Permian time. 

Much argument for a pre-Atoka phase has been based on chert conglo­
merates in the Atokél and succeeding lower-Pennsylvanian formations in 
the Lehigh Basin. just north of the town of Atoka. Oklahoma. on the 
western rim of the Ouachitas. These were supposed to have originateci 
fr om the Black Knoh ridge. just east of Atoka. composed of Talihina chert. 
which here forms the edge of the major Ouachita th rust mass. which. 
in this part of the loop. pushed westward over the southwestern extension 
of the Ti-Valley fault. Hence. this event should have antedated the 
deposition of the Pottsville Atoka formation. MELTON advanced rather 
convincing arguments. based on considerable field work. that this assump­
tion is incorrect; that these chert pehbles could not have been derived from 
the Black Knob ridge. and moreover. that it does not seem to be the same 
chert . He believes that these chert conglomerates in the Lehigh Valley 
autochtone entirely antedate the Ouachita overthrusting. and orginated 
from rocks in the Wiehita chains. exposed to erosion after the Wiehita 
diastrophism. shortly previous to Atoka time. and entirely previous to the 
Ouachita overthrust. Other Atoka canglomerates give evidence that ridges 
in Wiehita-Arbuckle facies yielde.d detritus to lower Pennsylvanian 
formations in this region. SIDNEY POWERS (83. p. 1041) mentions a conglo­
merate of chert and Ordovician limestone pebbles in basal Atoka a mile 
south ' of Stapp in Le Flore county-Oklahoma. This is 10 miles west of the 
Arkansas line 1) . 

I. The Wichita orogeny in the Ouachita Mauntains. 

Though the foregaing remarks support the view that certain chert 
conglomerates in Pottsville strata had nothing to do with the Ouachita 
overthrusting. it also indicates that there did occur movements and uplift 
of the Wichita orogenic phase in this region. either in the Ouachita chains 
or in their autochtone. Such movements would be more than probahle 
anyhow. in view of the very widespread character of this early Pennsyl­
vanian phase in the entire Texas. Oklahoma and Kansas region. and the 
intensity of its action in the entire Wichita system. This can only he 
explained as the result of an intense push from somewhere against the 
southern rim of the Plateau. 

When we discussed the structure of the Wiehita System. we have 
already come to the conclusion (cf. page 20 a.f.) that the orogeny of the 
early-Pennsylvanian Wichita phase was of considerahle duration and 
extended. with two distinct pulsations. from uppermost Mississippian to 
Pottsville time. We find this clearly confirmed in the Ouaohita System. 

A. The enormous develapment of the asymmetrie upper-Pottsville to 

I) Thi~ conglomerate is not to be confused with the very much larger exotic Ordovician 
erratics in "Caney shalc·· . both east and west of Stapp. which we will discuS! later. 
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lower-Allegheny foredeep, and the supply of clastic material to keep this 
trough filled practically to sea level, or above, are ample proof that some­
where, back in the Ouachita mountains, uplifting and subsequent erosion 
occurred on a major scale. 

This Ouachita molasse, beginning with the Atoka, marks the early­
Pennsylvanian, second pulsation of the Wichita phase. 

It does not seem probable that the lower-Pennsylvanian detritus 
originated exclusively from Wichita-Arbuckle rocks in the southeastern 
continuation of the Wichita chains underneath the Ouachitas in their 
present, later location. The Wood ford and the cherty Ordovician Iimestones 
would certainly countribute much chert residue, and that these formations 
yielded material is proven by limestone pebbles. Ouachita rocks, however, 
would yield most easily the conspieuous prevalenee of chert , mixed with 
very little, if any limestone fragments, because some limestone also occurs 
in these sediments. We will see that the same applies to the Strawn-Milsap 
formations of eastern Texas, originating from an eastern sou ree, in a 
foredeep, which is the equivalent to the Coal Basin and Ardmore Basin 
(Brazos River or Garner sandstone: F. B. PLUMMER and R. C. MOORE ; 
84, p. 76). This indicates that Ouachita rocks were subject to erosion in 
lower-Pennsylvanian time, so much farther south of their present outcrops. 
and also south of the assumed southeastern extension of the Wichita 
chains in their autochtone. 

We also find molasse deposits of Atoka age within the thrust masses 
of the Ouachita Mountains. proving that erosion of ridges within the 
geosyncline filled intra-mountainous basins with detritus at that period 
(cf. page 43). 

We mentioned al ready that the lower- and middle-Pennsylvanian Glenn 
series of the Ardmore Basin was not only derived from Wichita chains to 
the south. but also to a very considerable extent from the southeast. 
Consequently. highlands must have existed in this direction at that 
earlier phase of the Ouachitas. Even before the initial phase of the frontal 
Wichita Moun'tains. an orogenic deposito the 3000 to 3500 feet thick 
Spring.er formation . was laid down in th is embayment. This deposit also 
clearly originated from the southeast (cf. page 22) . 

There occurred. in fa ct, a remarkable interchange of sedimentatlon in 
the Ardmore Basin. Some material was c1early derived from the Wichita 
chains. notably from the adjoining Criner Hills ridge. and is in Wichita 
facies; other sedlments seem as c1early to have originated from Ouachita­
facies rocks . and to have their source farther in the southeast 
(TOMLINSON. 99). 

The lower member of the Ardmore Basin series above the Springer; 
the Dornick Hills division, (lowermost Strawn, up to 4000 feet thick. laid 
down posterior to the Wichita orogenic phase), begon to be derived from 
the Criner HilIs, but later it had its chief souree to the southeast. The thin­
ning of the formation and the diminution of the size of the clastic 
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material farther to the northwest is particularly evident in the Graham and 
Sholom Alechem anticlines (See Plate 8). Limestone led ges . also 
increase considerably in that direction (TOMLINSON. 99. p. 28). The 
Bostwick conglomerate in the lower part of the Dornick Hills formation 
and the 1200 to 1500 feet of strata underlying it, are derived from the 
Crin er Hills: the conglomerate is thickest and coarsest in the adjoining 
belt, with Wichita facies limestones boulders over six inches in diameter. 
The pebbles decrease in si ze and finally disappear to the northward. gra· 
ding into grits with chert grains. 

The middle member, the Deese formation, (Strawn, 6000 to 7000 feet 
thick), consists largely of crossbedded sandstones and chert conglomerates, 
separated by bluish, tan and red shales, with minor and inconspicuous 
limestone members. In the Deese the southeastern Ouachita sou ree of the 
material is most pronouneed: it becomes much coarser in this direction, 
with increasingly abundant coarse angular and sub-angular chert pebbles. 
The source is evidently in the Ouachita faciesand not in the Wichita 
facies of the Criner Hills and more southeastern Wichita chains. There 
is complete absence of Wichita- facies limestone pebbles in the Devils 
Kitchen conglomerate in the bas al Deese. The same is repeated in less 
conspicuous conglomerates higher up in the Deese sequence (99, p. 35) . 
Sedimentation se ems too rapid in the very thick clastic Deese to explain 
this absence of Ordovician limestone material by solution of the limestone 
elements before deposition of the conglomerates. 

The upper member, the Hoxbar division, (upper-Strawn, Canyon, and 
lower-Cisco, about 4000 feet thick), consists chiefly of blue, yellow, reddish 
and brownish shales with a far greater development of thick limestone 
ledges and fewer sandstones. A limestone conglomerate occurs at the base 
in conjunction with the Confederate Limestone member. Other conglo­
merates contain pre-Carboniferous, as well as ol der Pennsylvanian lime­
stones and also chert. These Wichita facies rocks originate from the Criner 
Hills , but notably from the Arbuckle area: they thin out to the southwest 
(99, p. 43). The few conglomerates are probably the indication of earlier 
precursory uplift of the Arbuckle orogenic phase, but the series still totally 
lacks arkosic materials. 

The Hoxbar apparently buried a considerable portion of the more 
southern Wichita chains before their rejuvenation by the Arbuckle phase. 
Together with even some upper Deese, it covers the southern flank of the 
Criner Hills, unconformably overlapping Caney, Silurian and Ordovician 
(99, PI. XVII, our Plate 2). This means that much of the foreland facies 
Hoxbar material must have been derived Erom another source than the 
frontal Wichita chains. The Arbuckles were beginning to emerge. The 
Ouachita Mountains, however, must have been peneplained to a very 
notabIe extent before Cis co time. 

There is , therefor, considerable evidence that. all over lower-Pennsyl­
vanian time, from Bend to late in the Strawn, and possibly as late as 
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the Canyon. uplifted areas subject to erosion prevailed. notably in the 
Ouachita facies. However. we find no mention in the literature of any un­
conformity between the Atoka and the underlying Jackfork sandstone. 
on the thrust masses within the mountains south of the Ti Valley fault. It IS 

claimed that the Jackfork-Caney-Atoka sequence is conformabIe. and 
that only the "Caney" disappears as such to tJhe east and southeast. Only 
in the foreland there are unconformities. indicating this phase; first at the 
base of the Atoka. and then again both at the base of the Savanna and 
of the Thurman sandstone. indicating movement through most of the 
Strawn. 1) 

We must note again that con fusion exists as to what is Jackfork. 
and what is Atoka. The Atoka formation (Pottsville) rests upon the 
Wapanucka limestone along the northern autochtone border of the Oua­
chita Moullltains in Oklahoma; farther to the southeast. within the overthrust 
masses. it rests upon the Ouachita Caney. and beyond the margin 
where "Caney" it at all represented. it rests on the still older J ackfork. 
The latter is everywhere the case in Arkansas. both in the frontal thrust 
zone and farther back in the mountains. The Atoka thickens from about 
3000 feet in the Coal Basin in the foreland. to 6000 and even 9400 feet. 
at least. farther to the east and southeast in the mountains (115). 

Here HONEss had distinguished an upper- and a lower-Jackfork sandstone. 
entirely similar in lithology. in eastern Pushmataha and northern McCurtain 
counties. MISER (76. p. 21) proved that HONESS' "upper-Jackfork" (6000 
feet thiek) is equivalent to the Atoka: it has a Morrow fauna at the base. 
This basal zone may be equivalent to the Wapanucka limestone farther 
north. here replaced by sandstone. On the geologie map of Oklahoma this 
intra-mountadnous "upper-Jackfork" is now represented as Atoka. wi,th 
the approval of HONESS. 

The Caney shale north and east of the Arbuckle Mountains (1600--
2000 feet thick) seems the equivalent of the entire Jackfork-Stanley 
sequence of the Ouachita thrustsheets. In that case it woulrd represent the 
outer edge of this mass of flysch. in a fine shale facies and devoid of clastie 
materiaI. at this distance from the source in the Ouachita hinterland. This 
contrast is another indieation of the di stance whieh the thrust masses of 
the Ouachitas may have traveled. The Ardmore Basin affords an oppor­
tunity to study the development of the outer edge of th is flysch in a locality 
farther to the south. where it is still in situ, although the Ardmore Basin 
has been severely shortened by compression. This basin is a kind of 
embayment of the flysch geosyncline. where the latter extends into the 
geosyncline of the Wiehita system. The Arbuckle Mountains are on the 
outside edge of this embayment. 

I) We will see in the chapter describing the Marathon Mountains (p. 61). th at in this 
western most exposure of the Ouachita Systtm. a similar con f 0 r m i t y is in evidence 
betwe~n the Bysch (Tesnus-Dimple) and the molasse (Haymond-Gaptank) deposits in the 
~xposed part of the structur~. 
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In the Ardmore Basin the Arbuckle Caney of the region to the north of 
the Arbuckles, seems replaced by a sequence, of a thickness which already 
attains 5000 feet, is less exclusively shaly, and now con ta ins both the 
Ardmore Caney and the more clastic Springer formation. This is 
apparently a transition to the 17.000 to 20.000 feet of Jackfork-Stanley 
flysch in the Ouachita Mountains. TOMLINSON r~marks that the hard 
greenish sandstones in the base of the Springer formation resembIe sand­
stones which occur in the Stanley shale series. (99, p. 16) . (See also our 
page 51). 

Another theory holds that the Caney in the Ouachitas progressively 
overlaps the Jackfork and Stanley formations to the westward, wh ere it 
finally comes into contact with the Wood ford chert in the Arbuckle 
Mountains. This would then mean a break and unconformity. 

The writer believes that the first theory is correct , and that the Caney 
of the Arbuckles (divided into two parts by a considerable hiatus) repre­
sents the entire Jackfork-Stanley sequence. He suspects, however, that much 
of the intra-Ouachita Atoka is widely thrust over some of the Jackfork 
and Stanley, and that these formations may have occasionally become 
mixed in a very involved manner. and that the "Caney" of the northwes­
tern Ouachitas in Oklahoma, which carries the exotic boulders, is some 
tongue of late-Mississippian shale, intercalated, and perhaps rolled out 
between sandstone masses, and that still farther to the south, the structu­
ral relationship between the Pennsylvanian and the older Carboniferous 
is still very obscure. We will refer to all this later, when discussing the 
erratic boulders and blocks in the Ouachita "Caney". 

B. Farther to the south an earl ier important uplifting must necessarily 
have occurred, antedating the movement which, at the close of Morrow time, 
initiated the deposition of the molasse sediments of the Atoka and higher 
Pennsylvanian beds in the Coal Basin and Ardmore foredeeps. 

The sudden development of sedimentation in the uppermost Mississippian 
and lowest Pottsville, depositing more than 17.000 fe et (20.000 feet in 
McCurtain county, according to HONEss) of orogenic flysch, seems ample 
evidence, particularly if we note the absence of any very active sedimenta­
tion during the preceeding earlier Paleozoic periods in the Ouachita pro­
vince. We have only 3000 feet of aggregate thickness of sediments, 
deposited during the en ti re Cambrian, Ordovician, Silurian and Devonian. 
It is very doubtful whether th ere was any sedimentation at all here in the 
lower- and middle-Mississippian: if there was, it was only gelatinous 
silica in extremely quiet, possibly rather deep water, resulting in cherts. 

This gr~at [lysch depasit annaunces the earlier, late-Mississippian 
pulsatian af the Wichita orageny. 

This flysch came Erom a southern source. Thick beds of sandstone 
appear in the shale section in this direction. Many sm all pebbles in 
the Jackfork sandstone of the southern outcrops become ever less 
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abundant toward the north. All th is indicates highlands to the south, 
yielding an enormous amount of erosional detritus, so much in fact, that 
only a very aetive orogeny in the hinterland eould explain it. A mere up­
lifting · of an old "borderland" would seem entirely inadequate. A flyseh 
mass of this charaeter and in su eh quantity requires aetively rising mountain 
ehains, and a genetieally related, sinking geosyncline. 

These southern mountains consisted in a large measure of acid igneous 
and metamorphic rocks. All sandstones contain bits of fresh plagioclase, 
and many of the coarser layers contain fragments of black shale, slate, 
chert, micaceous shist, porphyritic basic rocks, granitic quartz, muscovite, 
biotite, tourmaline, garnets, etcetera. The rarity of orthoclase and micro­
cline may be explained by reason of its relatively easy destruction by 
decomposition. The large amount of chlorite, present with sericite as a 
binding material in practically all the sandstones, indicates that the original 
cement must have been ferruginous. Considerable carbonaceous matter and 
bits of carbonized wood prove that vegetation must have existed on the 
emerged hinterland. (55, p . 196). 

We have already remarked that these highlands must have been situated 
far to the south, before the flysch geosyncline became violently compressed 
and overthrust , thereby greatly shortening their distance. 

The age of th is early pulsation of the Wichita phase must be very late 
in the Mississippian, in the transition period toward the lowest-Pennsyl­
vanian (Pottsville) . In ULRICH'S opinion (103, pp. 23-24), the Stanley is 
equivalent to the Parkwood formation of Alabama and Tennessee. It 
agrees in positionas weU as in lithologic character. ULRICH thinks that the 
Jackfork may already represent lowermost-Pottsville, a part not deposited 
outside of the foredeep. The Parkwood is younger than the Pitkin 
limestone, which lies at the top of the eroded Plateau Mississippian in 

Dortheastern Oklahoma. Here, and in most other areas within the American 
continent, the Parkwood stage is represented by part of a considerable 
break: the remarkably widespread unconformable contact of the Pennsyl­
vanian and Mississippian . Only in the Appalachian and Ouachita geosyn­
clines, therefor, the orogenic flysch, deposited in a foredeep fronting the 
earl ier ranges, would fill this gap. This forms another link connecting the 
Ouachitas with the Appalachians 1). Exactly the same condition exists 
probably at Marathon. 

I) In northwestern Alabama the foreland coalmeasures are separated from the under­
lying Mississippian strata by a hiatus of great magnitude, which Is in part represented by 
the Park wood formation of the 8irmingham and Shades Valleys. Parkwood still occurs in 
the subsurface of the Warrior syncline. as proven by borings. The Alabama Parkwood is an 
unfosslliferous sequence of grey and greenish sandy shales. with some thlnbedded sand­
stones. known to a tickness of 3000 feet . In several respects it Is extremely similar to the 
Ouachita Hysch. io medium distance from the source. 
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Pre- Wichita orogenic movements. 

a. In the frontal zone of the Ouachita province still older minor move­
ments of Mississippian time are suggested by an apparent unconformity. 
separating the Arkansas Novaculite (which may. possibly. extend into 
middle-Mississippian) and the upper-Mississippian flysch sediments. 
indicating uplift and emergence before the forming of the flysch geosyn­
cline. Chert conglomerates rest on the Novaculite in the Potatoe Hills; 
they are also foundat the base of the Stanley shale in the southern out­
crops. North of the Ti Valley shearplane. the autochtonous Caney appears 
to rest on different members of the Wood ford at different exposures (83. 
p. 1039) . Jackfork and Stanley are not yet represented there. 

This movement may indicate the beginning of the first (flysch) pulsa­
tion. of the Wichita-phase. 

b. The widespread unconformity on the top of the Hunton. under 
overlapping lower-Mississippian (Chattanooga-Wood ford ) in the Ozark 
reg ion and on the Hunton Arch. and all over the Midcontinent Plateau. 
seems to reflect a still earlier phase. which. though faint in the foreland 
zone. could be conceived as a reflexion of more important movements 
in the hinterland. the first precursory warpings of the late-Paleozoic 
orogenic cycle. Similar precursory folding of considerable importance 
occurred in the northern Appalachians (Acadian phase of Blackwelder. 
18). In the Llano-Burnett uplift. in the foreland of the East-Texas front 
of the Ouachita system. the chert underlying the Mississippian Barnett 
shale. which possibly represents the Wood ford . also reposes unconformably 
on the eroded surface of the Ellenburger limestone. 

SCHUCHERT. PLUMMER and GOUIN also claim early-Mississippian move­
ments for the Wichita chains. 

c. Unconformities are reported overlying the Blaylock. of about Rich­
mond age (115. Plate XXV. and also 103) . This would indicate a Ca le­
donide phase. 

Summary of the early-Carboniferous orogeny in the Ouachita Mountains. 

The earliest. largely epeirogenic movements seem to originate in the 
lowermost-Mississippian (Acadian phase ?). 

The principal orogeny. of great magnitude. THE WICHITA PHASE. occurs 
in two pulsations. and lasted from the uppermost-Mississippian weIl into 
Pottsville. and possibly into Allegheny time. 

The earlier pulsation creates a great flysch deposit: 17.000 to 20.000 
fe et of Stanley-Jackfork in a wide foredeep. the outer edge of which may 
have extended as far to the northwest as the Arbuckle region (Arbuckle 
Caney). It also extended in an embayment into the Wichita geosyncline in 
the Ardmore region. These sediments originated from ranges of crystalline 
and metamorphic rocks. 
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The later pulsation set in towards the end of Morrow time (Wapanucka). 
It is indicated by considerable unconformities (for instance on top of the 
Springer). I t is contemporaneous with the principal folding in the Wichita 
geosyncline. We have no clear indications how this folding affected the 
Ouachita chains, but that it did affect them is clear. A new foredeep 
originated, considerably in front of the original flysch geosyncline and 
became filled with some 17.000 feet of molasse, derived from a southern 
source, where important uplift and active orogeny must have occurred, 
creating chains composed of old-Paleozoics as weIl as flysch facies rocks. 
Intra-mountainous molasse basins were also formed. 

The two pulsations, which were practically continuous, sin ce they 
followed each other without perceptible break in the mountains, together 
constitute the Wichita orogeny in the Ouachita Mountains. 

Later, gentIer movements continued in Bostwick, Savanna and Thurman 
time. These may pertain either to the Ouachita mountain system, or to 
their Wichita facies autochtone. 

11. The Arbuckle Orogeny in the Ouachita Mountains? 

We have no indication in the Ouachita Mountains of the important 
orogenetic Arbuckle phase of middle-Cisco time. Within the Ouachitas 
no strata of this age exist. This does not prove, however, that the earlier 
sequence was not again aHected. It would be possible that this had 
occurred, since this phase is 50 very much in evidence in the Marathon 
Mountains, which we consider as the southwestern extension of tJhe 
Ouachita system. However, the fact th at the upper-Cisco Pontotoc and 
the general red facies in southeastern Oklohoma and northeastern Tcxas 
seem exclusively controlled by the Wichita chains, is an argument against 
an important Arbuckle phase in the Ouachitas. Already in the Hoxbar 
(lower-Cisco) the Ouachita Mountains seem to have ceased to be an im­
portant source of sediments (cf. page 42) . 

111. Pinal overthrusting of the Ouachita nappes. 

Wh en the great forward movement of the thrustsheets in the Ouachitas 
occurred is, uncertain; it may, possibly, have happened fairly late in the 
Permian. 

Already the analogy with the Appalachians in Alabama suggests this 
as a possibility. Arguments by F. A. MELTON (73) in favor of this view 
seem rather persuasive. They are based on the assumption that the violent 
push, resulting in an overthrusting of such magnitude, should have left 
visible eHects in the foreland , which should have been subject at that time 
to much pressure in the same northwesterly to northerly direction 1) . 

1) This assumes th at overthrusting of th is kind is principally the result of a lateral push 
and not, to a certain extent, of gravitational gliding of masses from an elevated hinterland 
toward a depressed foredeep, in accordance with theories as expressed by R. A. DALY, 

E. HAARMANN, and others. 
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MEL TON describes a prominent system of joints radiating fanwise Erom the 
convex front of the Ouachita Mountains into the flat laying rocks of 
central and western Oklahoma. as far north as southern Kansas. Strata as 
high up as the middle of the Permian section of Oklahoma (Garber 
sandstone) are cut by these joints. There seems to be a gradation from the 
smooth high-constraint joints nearer the mountains to the rough low­
pressure fractures in central and northern Oklahoma. MELTON develops 
the theory that the joints in the open folds. skirting the front of the 
Ouachita Mountains. were formed at the same time that the originally 
flatter beds of these structures were being tilted in the later process of 
folding . in other words that these open folds should be considered as 
largely contemporaneous with the regional jointing and should also have 
been considerably deformed in Permian time. 

There is no comparable system of radiating joints in the exposed strata 
of central Oklahoma. associated in origin wi~h structures of the Cisco stage 
of the Wichita-Arbuckle orogeny (73. pp. 68-69) . 

The writer does not think that any known facts seriously conflict with 
MEL TON 'S theory. that considerable overthrusting of the Ouachitas may 
have happened that late in the Permian. The apparent sudden termination 
of the McAlester and Savanna anticlines of the open foId zone, near the 
middle of the Boggy shale deposition. is. however. a grave difficulty. 
It has been considered an indication that these folds were formed exclu­
sively in or previous to middle Boggy time by W. W. CLAWSON (29. 
1928). These folds do not involve beds from the Thurman sandstone 
upwards, and decided erosional unconformity underlies the Savanna 
sandstone. MELTON believes that the thick Boggy shale formation (2000-
2600 feet). through its plasticity. may weIl have. to a certain extent, 
compensated the folding and protected the overlying more competent sand­
stones from participating. but this does not explain erosional unconformi­
ties. There is. therefor. conclusive evidence. that the lower part of the 
sedimentary section of the foredeep was deformed considerably more than 
the upper portion. These [olded structures could not possibly date only 
[rom Permian time. They point to slow sinking and compressive movements 
in the foredeep during the proces of sedimentation. 

The phenomenon of increasing intensity of folding with depth in the 
series is very general and widespread in all the synclinal open fold beits , in 
front of the world's major orogenies ("TrogfaItung" ) . We may refer here 
to the so minutely known open fold zon.e in front of the thrustsheets of the 
Variscan mountains of Europe, in northern France. Belgium, Holland and 
Westfalia. This belt of coalmeasure deposits. so very similar to those in 
America, presents exactly the same structural picture. The sediments also 
ante date the final overthrusting of the Variscan front; cf. K. LEHMANN (68, 
69) , and notably H. BÖTTCHER (23). 

That a Permian orogenic phase revived the Ouachita system, is certain. 
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We have already mentioned the evidence for the belief that the Ouachitas 
must have been considerably peneplained in the intermediate period before 
the middle Permian, when these mountains again became an active topo­
graphic feature in southern Oklahoma and northeastern Texas. Only the 
chains elevated by the Arbuckle phase in the Wichita system influenced 
the development of the redbed facies in the upper-Cisco and lower-Permian 
of these regions. Later in the Permian, a change in th is condition is indicated 
in the San Angelo-Duncan sandstones, which are clastics originating from 
a new eastern souree. The later Permian beds have intrinsically the same 
character, though they become finer in texture, even the heavy minerals 
remain the same. In the eastern portion of the Permian Basin, all these 
beds point to a new eastern and southeastern source, in the Ouachita 
chains, though of constantly diminishing topographic importance. (CHENEY. 
27, 28). See our Table VII. 

H, therefor, there is no evidence that the Arbuckle phase itself was 
expressed by considerable diastrophism in the Ouachita Mountains, the 
overthrusting must have occurred either earlier , or it must have happened 
later. 

H the present Ouachita nappes had been in place before the Arbuckle 
phase, overriding the chains of the Wichita system, the very strong com­
pression, which is so conspicuous in the immediately adjoining Arclmore 
Basin, should have strongly remodelled them; it would have caused very 
much more conspicuous refolding of the thrustplanes than is anywhere 
indicated. There is no doubt that the Arbuckle phase must have aHected 
the Wiohita foids in the autochtone of the Ouachitas as strongly as it 
acted only 12 miles far ther to the west. The Preston anticline proves 
that even a much less important phase in the Cretaceous reaffected the 
Ouachita structure along Wichita lines, and wells have demonstrated that 
here the pre-Cretaceous bedrock is in Ouachita facies . Hence the nappes 
of Ouachita rocks must have been shoved over the Wichita chains late: 
than the Arbuckle orogeny. Although the Arbuckle phase must have 
eIevated the Wichita chains considerably, they must have been peneplai­
ned to a considerable extent before the overthrusting could have occurred. 
That some relief still remained, however, is shown by the "Caney" exotics 
of Wichita facies rocks. 

The conclusion seems permissible, therefor, th at an important orogeny, 
which created the Ouachita Mountain structure, as we now know it, was, 
probably completed only in Permian time, some time posterior to the 
Garber sandstone of Oklahoma (Clear Fork of Texas) , possibly in San 
Angelo-Duncan time. Very much coarser Permian detritus has probably 
originated from this phase than we now find in the remaining exposures. 
No Permian deposits remain in existence in the immediate vicinity of the 
Ouachita front. This is another instance of the similarity between the 
American chains and the contemporaneous Variscan Mountains of 
Europe. 

Verhand. Afd. Natuurkunde (2e Sectie) Dl. XXVII. C4 
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SUMMARY. 

We may now summarize the structure of the Ouachita Mountains as 
follows: 

At least two earlier phases occurred : early Mississippian and late­
Mississippian - early-Pennsylvanian ; the latter probably also in two sub­
phases. Most of these diastrophisms can only be indirectly inferred from the 
development of the sediments and the general geologie history of the region . 
The late Pennsylvanian Arbuckle phase is at least problematical, if not 
improbable. Only the first of the earlier phases is expressed by any, sofar 
known structural proofs within the Ouachitas. All the direct information 
we have is predominantly controlled by the culminating paroxysm of 
overthrusting, possibly in the Permian . Probably more detailed work in 
these mountains will gradually reveal clearer proofs of the previous phases. 
This was the experience in the Alps 1) . 

TH E PRE- CARBON IFEROUS EXOTIC BOULDERS IN THE SO CALLED 

"CANEY SHALE " IN THE NORTHWESTERN FRONT OF TH E 

O UACHITA MOUNTAIN S. 

In the frontal zone of the Ouachita Mountains of Oklahoma (not of 
Arkansas) , between the Ti Valley thrustplane and the Winding Stair 
fauit, and farther sou th in the western portion , but never south of the 

1) In the southern Alps of Austria, as wel! as in the Dinarides, important movements 
are in evidence, preceding the final diastrophism, which created the present structure. The 
oldest movements are always confined to the more central zones, and only gradual!y 
orogeny proceeds towards the outer zones. In the interior beits of the Southern Alps 
A . WINKLER (110, 112) describes Middle-J urassic folding 10 the high (central) Julian Alps. 
Traces of the Cretaceous phase are clearly preserved in the entire eastern province of 
the Southern Alps. In the Julian and Steiner Alps, and their eastern prolongations, folding 
now spreads into the more outer zones. In the Dinarides, the frontal zones, exposed in 
Croatia and Slavonia, were not yet atfected by Cretaceous deformation and remained 
geosynclinaI. but these movements atfected al ready the now largely buried inner ophiolitic 
zone and adjacent still more central zones, which are now only exposed far to the 
southeast, and are not visible in the plains of Slavonia, adjacent to the Southern Alps. 

In the Southern Alps, these Cretaceous movements were restricted to folding, but in 
the central chains of the Austrian Alps Cretaceous overthrusting takes place on a wide scale 
(as already indicated in the Drau chains and even in the northern belt of the Karawanken 
range). 

In the early Eocene another orogeny again affects the Southern Alps. 
The major Tertiary diastrophism of this entire complex, however, is post-Eocene, pre­

middle-Oligocene. This phase created the now so conspicuous structure and largely 
obliterated and obscured the tra ces of the earlier orogenies, which were only revealed 
through painstaking detalled Ileldwork. 

The final phase was fol!owed by a series of gradually less important after-phases : in 
the older Miocene, the middle-Miocene and in a series of Pliocene warpings. The present 
great elevation of the major massifs dates probable from the Pliocene. 

A similar series of phases has gradually been reveaJed, as detailed work progressed, 
in the Paleozoic (Variscan) chains of West-Central Europe. 
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Octavia fault . narrow outerops of a locally macerated black shale occur. 
some few hundred feet thick. intercalated between masses of Atoka for­
mation. and Jackfork sandstone, which are some 4000 to 6000 feet thick 
each. This shale is generally called "Caney" in the literature and on the 
geologic map of Oklahoma. lts rea I stratigraphic meaning and correlation 
are in dispute. 

On page 43 we have already discussed the conditions pertaining to the 
foreland Caney in the Arbuckle region and the Ardmore Basin. 
Recapitulating th is shortly: the foreland Caney overlies the Sycamore 
limestone. which latter. according to ULRICH. represents the upper part of 
Kinderhook horizon. the lower division of the Mississippian. This 
Caney comprises lowermost Pennsylvanian as weIl as Mississippian ; the 
lower portion is. accol'ding to ULRICH. separated from the upper part by a 
break (103. p. 25). This upper Caney would be Morrow. and may only be 
a shaly equivalent of the Wapanucka limestone ; ULRICH places the basal 
portion in the middle-Mississippian (Meramec). This may be too low. In 
the writer's opinion. this outer foreland-Caney is probably representative 
of the complete Jackfork-Stanley flysch sequence of the Ouachitas. In the 
Ardmore Basin we have a transition development: the 5000 feet thick 
Springer-Caney sequence. 

There is no Wapanucka. at least no Wapanucka limestone, in Oklahoma 
south of the Ti Valley shearplane; also there is none farther to the east 
in Arkansas. 

In the Arkansas section there is no "Caney shale" intercalation between 
the Atoka formation and the Jackfork. Sou th of the Octavia fault it is also 
absent in the Oklahoma section, and the Atoka formation overlaps directly 
over older rocks. A fauna of Morrow age, however. continues in the base 
of this Ouachita intra-mountainous Atoka. 

The lithologic characteristics of the "Caney shale" are the same in all 
Ouachita locations: a black. locally much crushed shale. filled with smalI. 
round. marblelike phosphatic nodules. and occasional largel' limestone con­
cretions. G. H. GIRTY (cited by MISER : 76, p. 27) states. that the fauna 
of all the exposures is also similar. indicates Mississippian. and presents 
only regionaI differences with the Mississippian part of the foreland 
Caney. SIDNEY POWERS stat es that the shale contains many micro- and 
some macro-fossils. 

The southern exposures of the certainly uppermost Mississippian Stanley 
shale show that sandstone ledges. increasing in thickness and clasticity 
toward the south. finger out toward the north. Thus the "Caney" of the 
Ouachita nappe could not possibly be the equivalent of the forela:ld Caney 
as such. It can only represent a comparatively thin tongue of a more 
persistent shale. of generallower-Caney age. in a part of the flysch-section. 
which has already become largely arenaceous ; this shale is now intercalated 
between the massive Jackfork sandstone and the Atoka formation. Over­
lapping is also suspected. 
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In this relatively thin bed of shale (never in the autochtonous Caney. 
north of the Ti Valley shear) numerous boulders and also far greater blocks 
of foreign rocks occur. They are found in a zone of about a hundred mil es 
long in the northwestern section of the mountains, in Oklahoma; they have 
never been mentioned from Arkansas, where this "Caney" shale inter­
calation is not represented. The boulders and blocks represent samples of 
the complete section of pre-Carboniferous sedimentary rocks of the 
Arbuckle sequence, a series which, as we have seen, is entirely foreign to 
the Ouachita section. They consist mostly of compact limestones, but sand­
stones and even arenaceous and calcareous shales, (these mostly in small 
pieces) are observed. Pre-Cambrian does not occur. 

The erratics are found embedded in the shale, but are mostly seen 
weathered out and strewn over many of the bare outerops of the lower 
part of the shale band (ULRICH, 103, p. 7). By the fossils contained in the 
pieces, the following formations have been identified: Cambro-Ordovician 
Arbuckle limestone (very frequent), Ordovician Simpson' and Viola lime­
stone, Silurian Sylvan shale and Chimney HilI oolite, Devonian cherts , 
some shales of Sycamore (lower-Mississippian) age, a light grey calcareous 
shale with Morrow fossils, and a crinoidial limestone, equally with a 
Wapanucka (Morrow) fauna ~ As said, g.ranite or other crystalline or 
metamorphic basement rocks do not occur. 

All these fragments , with the possible exception of some of the Devonian 
cherts, could only have originated from formations which are wholly absent 
in this facies in the Ouachita system, but they represent the complete 
sequence of the Arbuckle province, excepting only the granite and the basLIl 
Cambrian Reagan sandstone. As ULRICH points out (103, p. 9) , many of 
the rocks are typically Arbuckle, different from contemporaneous for­
mations represented anywhere in this entire region. 

MISER describes the boulders and pebbles as irregularly scattered through 
the shale "like plums in a pudding", not at all alike to an ordinary boulder 
bed or conglomerate (77, p . 28). The fragments are of many sizes: some 
are mere pebbles a fraction of an inch in diameter, very many blocks 
measure ten feet in their longest dimension, but others as much as 200 
feet: one was measured by MISER as 50 by 369 feet. SIDNEY POWERS 
mentions a Viola limestone block measuring 60 by 550 feet (83, p. 1043). 
All the largest blocks occur in the Johns Valley exposure. The larger 
blocks may be even greater, being not fully exposed. 

The pieces are subangular or rounded , and most of them appear 
weathered or corroded by solution. In some of the outcrops, smaller pieces 
have been squeezed out and elongated into lenticular shapes, apparently by 
pressure ; many boulders are slickensided and not infrequently gouged. 

These exotics appear in streaks in a partly mylonitized shale, thus giving 
the appearance of boulder "beds". SIDNEY POWERS drew the writers 
attention to the fact that by no means all this "Caney" shale appears 
highly crushed. He has studied localities where the shale "enclosing the 
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famous boulders" is neither macerated nor mylonitized 1). MISER describes 
shale beds from J ohns V alley, which are in every way lithologically similar 
to foreland Caney, and show no signs of mylonitization or mixture with 
other material ; such shale overlies the boulder horizon, which is confjned 
to the lower 50 to 100 feet of the shale. (76, pp. 22-23) . At other 
localities there are three or four boulder-bearing horizons ; elsewhere again, 
there are no boulders in the lower black shale, but in an overlying grey 
shale. Caney micro-fossils occur in shales bel ow the most abundant boulder­

zones (83, p. 1043). 
Irt: seems evident. therefor, that the entire mass of the Ouchita-"Caney" 

is not a thrustplane-mylonite, but that considerable ma ss es of a sedimentary, 
more or less undisturbed shale are present. The streaks of exotics do not 
occur in some regular "bed" , but vary their place in the shale. 

Although the Johns Valley locality has been best described in the 
literature, similar blocks occur and are mentioned along the entire belt of 
"Caney" outcrops, as far east as Stapp in Le Flore county, near the Arkan­
sas line. They have never been described from Arkansas localities. 

Concurrence of opinion gives the matrix Mississippian age, except 
ULRICH. POWERS cites macro- and micro-fossils; the latter occurring both 
above and below the most abundant boulder bearing horizon. These micro­
fossiIs are post-Chester and pre-Pottsville in age, according to HARL TON 
(83, p. 1040). MISER and GIRTY (76, pp. 25-26) cite Mississippian macro­
fossils in evidence, chiefly from calcareous concretions; ULRICH, however, 
considers these latter as much remanié as the exotic fragments (this could 
scarcely apply to the micro-fauna). Consequently, ULRICH wishes to place 
the shale in the lower-Pennsylvanian, higher than the youngest houlders 
identified in it (Morrow) . He considers the blocks and boulders sedi­
mentary erratics, transported by shore ice, ·and hence the matrix must not 
he older than any of the boulders. He, therefor, proposes to change the 
name "Caney" into "Johns Valley shale". The writer also thinks that it 
would seem highly adequate not to call this shale "Caney", regardless of 
its age. 

The exotics occur only in such localities where the shale matrix is inter­
calated between Atoka and the great Jackfork sandstone, and never in the 
autochtone true Caney, resting normally on Sycamore limestone. 

Even within the Ouachita Mountains, these erratics do not occur in the 
autochtonous belt south of the Choctaw fault. They do not occur in the 
Brushy Creek inlier, in sections 4 and 5, Township 2 North, Range 15 East. 
They only set in abruptly and in great abundance in the bands of shale on 
the flanks of Winding Stair Mountain, that is south of the Ti Valley shear 
plane. The first of these occur about 3 miles south of the Brushy Cr eek 
exposures (103, p. 42). The principallocalities where the exotics occur are 

I) Wrltten communication of December 8, 1930. 
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marked on ULRICH'S map (103. fig.!. p. 13). They are marked by a * on 
the map of our Plate 3. 

In addition to these "Caney" zones of blocks. other layers with erratics 
occur. Some of these appear to be more or less normal conglomerates; 
others perhaps not. G. D. MORGAN and B. F . WALLIS (103. p. 10. cited 
by ULRICH) mentioned occurrences of erratic boulders in shales and Iime~ 
stones. referred by them to a Morrow (Wapanucka) horizon . POWERS 
also mentions such. They occur a considerable distance to the northwest of 
the Brushy Creek exposure. therefor apparently in the autochtone. and 
they are not associated with large blocks. They also occur farther east in 
LeFlore county. POWERS describes a conglomerate in basal Atoka near 
Stapp. containing rounded boulders of black chert and Ordovician lime~ 
stone. tightly cemented in a sandy matrix. They measure up to 4 or 6 inches ; 
the largest are a foot long . (83. p. 1041 ) . Similar boulder beds occur in basal 
Atoka near Compton (Township 4 North . Range 22 East). MISER (77) 
and TOMLINSON (99) also mention Wapanucka~horizon cong1omerates. 

Perusing the Iiterature. however. it strikes one that the stratigraphic 
correlations of these exposures seem still unsatisfactory as to what is 
Jackfork. Atoka. or Wapanucka. and that the structural relations of these 
stra ta are not weIl cleared. Anyhow. it seems that th ere occur conglo~ 
merates. containing no very great blocks. in horizons that are regarded as of 
Wapanucka age. and these !ie to the northwest of the true "Johns Valley 
shale" exposures. These also contain Ordovician limestones, seemingly 
therefor Arbuckle~ facies rocks . They only seem to occur in the immediate 
vicinty of boulder bearing "J ohns Valley shale" outcrops. not farther out 
in the foreland . and also not in Arkansas. They seem. therefor. somewhat 
related. 

We may. therefor, summarize the description of the Ouachita~exotics 
as follows . They only occur in the Ouachita~flysch of Oklahoma; not in 
Arkansas . The large blocks are confined to a relatively thin layer of not 
infrequently, but not always , mylonitized black shale of upper~Mississip~ 
pian age, intercalated between the sandstones and shales of the Atoka and 
the massive J ackfork sandstone, the latter several thousand feet thick. The 
occurrence seems confined to this association in a zone of about 100 miles 
long, exclusively within the frontal zone of the overthrust sheets. The 
exotics constitute a practically complete assemblage of the sedimentary 
rocks of the Arbuckle~ Wichita sequence, in fragments up to the size of a 
large building. These rocks are utterly foreign to the sequence of forma~ 
tions represented in the Ouachita Mountains, but they must be assumed to 
occur in the autochtonous basement buried beneath the thrust masses. 1 ) 

1) Through a recent communication from E . H. SELLARDS (News Letter from the 
Bureau of Economic Geology. January 1931) the writer was advised th at rather similar 
exotic boulders have been found at Marathon. in the upper part of the equivalent flysch-
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Origin and genesis of the Ouaehita exoties. 

All American geologists (ULRI CH, MISER , T01\\LlNSON, POWERS, WOOD~ 
WORTH, TAFF), who have discussed these "boulders", seem to have come 
to the conclusion that these blocks are sedimentary, and must have been 
carried from outcrops in the Arbuckle province by {loating iee or ieebergs, 
and tnat they we re dropped on the seabottom in uppermost Mississippian 
or earliest Pennsylvanian time. ULRICH emphasizes again and again that 
they must have been deposited at the same time as the matrix enclosing 
them. ULRICH believes that the ice came from the Arbuckle Mountains. 
TOMLINSON, POWERS and MISER think that the source is in some region 
east or southeast of the Arbuckles or adjacent ranges, from alocation now 
buried beneath the Gulf Coast Plain, or under some of the present over~ 
thrusts of the Ouachita Mountains, which did not yet exist at the time 
that the matrix was deposited. That many of the boulders appear scratched 
or gouged has been adduced as evidence of their glacial origin. ULRICH 
gives some good photographs of scratched fragments (103), but he comes 
to the conclusion (p. 35), "that it appears physically impossible that these 
phenomena can have been produced as slickensiding by movements in 
place or in a fault breccia. Neither could they have been made by the 
steady flowage of glacial ice". He believes, however, that they could be 
explained if boulders of varying hardness were imbedded in the base of 
floating masses of shore ice. A study of ULRICH'S photographs, and of 
Caney boulders which the writer has personally observed, convinces him 
that these quite irregular scratch es and deep short gouges are anvthing 
but glaciaI. He refers to a paper by K. KREJCI~GRAF (67), dealing with 
the many erroneous conclusions based on supposedly glacial scratches on 
boulders. 

The writer has further objections against a glacial or floating shore ice 
theory for Carboniferous erratics in th is region. They are the following: 

1. Who has ever seen or heard of blocks of such enormous size, up to 
several hundred feet across, transported by floating ice, even of the magni~ 
tude of Antarctic icebergs? Their size far exceeds that of any ice~born 
rocks known. The only glacial erratics approaching such dimensions are 
sheared oH pieces of a substratum, over which a very large glacier or land~ 
ice moved , and similar masses we re never transported very far, and are 
always associated with extensive basal moraine deposits and occasionally 
with scratched rock floors. 

2. The fauna I and floral character of the Mississippian and lower~ 
Pennsylvanian of the Ouachita and Arbuckle provinces certainly does not 
suggest glacial climatic conditions . The writer refers to the paleontological 
lists, including the plant fossils, given by ULRICH, MISER and HONESS 

molasse sequenee of the Permo-Carboniferous ehains in Southwest-Texas. Some bloeks 
of Caballos Novaculite me8sure up to 100 feet in their largest diameter; other, mueh 
smaller fragments are eomposed of rocks ranging in age from the pre-Cambrian to the 
Dimple, (Pottsville, probably Morrow; cf. Table Vl. They are in Ouaehita facies (see pag. 72). 
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(103, 77). These are self-explanatory. even if we take into account that 
our cQIlclusions as to climatic conditions under which Paleozoic organisms 
may have lived. must be drawn cautiously. 

3. If these blocks had been transported by ice. or any other floating 
agency. wh ere should they have come from to be deposited as a sedimentary 
product in a Mississippian shale? They comprise the whole sequence of 
pre-Pennsylvanian Paleozoics af the Arbuckle pravince. Granted that thc 
"Caney" of these Ouachita thrustsheets was deposited long before the 
major overthrusting of these mauntains. it requires. a Mississippian falding 
in the Arbuckle province af sufficient magnitude ta create autcraps 
af this camplete sequence, af an aggregate thickness af 15.000 feet, within 
a camparatively restricted area, from Wlhioh these boulders could have 
reached the equally restricted area. within which we now find them in this 
Ouachita "Caney". And. even assuming that such an orogeny had taken 
place. from wh ere came the Morrow boulders in this Mississippian shale? 
(This is ULRICH'S difficulty and the cause of his controversy with MISER 
regarding the. age of the Ouachita "Caney"). However, there is no trace 
of any ser i 0 us diastrophism in the Arbuckle Mauntains and the Ardmore 
Basin befare late Pennsylvanian (Cisco) . The earliest proven int e n s e 
folding in the frontal Wichita System, south of the Anadarko-Ard­
more foredeep, is post-Morrow. We must look to the central Red River 
folds. before encountering any. even remote possibility for an orogenic 
phase. that could have folded any Wichita facies rocks. and uplifted 
them sufficiently to make it possible for Mississippian erosion to cut deep 
enough iuto the folds. to bare a considerable expanse of strata far down 
into the Cambro-Ordovician. There is no indication of any such orogeny 
in the en ti re Wichita-Arbuckle system. 

In the writer's apinian, these baulders and blocks are nat glacial, and, at 
least in the case af the large blacks, nat sedimentary. He beJ.ieves that they 
are TECTONIC BLOCKS. similar to such as we Eind in the frontal thrustsheets 
of many other mountain chains with a nappe structure. 

In the mountain ranges of Europe exotic blocks of an entirely similar 
nature are weil known. They have attracted attention and were mentioned 
in literature as early as the beginning of the 19th century. We know 
them from the entire front of the Alpide chains. from the Carpathians as 
weil as from the Alps. even from the Apennines. They also occur in the 
Caucasus. They will no doubt be found in many other similarly built 
mountains . The extensive literature occupies itself mostly with Alpine 
loc·alities. The reader can be particularly referred to treatises by 
ARNOLD HEIM (54. 1907). G. GEYER (42. 1904). and H. P. CORNELIUS 
(32 . 1924). The two last men1ioned papers contain an extensive bibliogra­
phy on the subject. 

The origin of the very large blocks. which also occur amongst these 
European exotics, has always been more or less a riddle; the problem was 
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complieated by eonsiderable con fusion, sin ce there exist many different 
kinds of these boulder beds and breecias, whieh are by no means of the 
same origin. It was the merit of ARNOLD HEIM to have brought order in 
the con fusion . 

There are three kinds of boulders, bloeks, and gigantie masses in t6e 
Alpine flyseh zone, as distinguished by HEIM: 

1. Bloeks belonging to the sedimentary sequenee in whieh they are 
now found, originating from harder ledges in the same formation, whieh 
have been broken, rolled out, seattered and displaeed over more or less 
greater distanees (" einheimisehe flyseh blëeke" ) ; 

2. "Klippen", wieh are larger or smaller remnants of higher nappes, 
whieh have been bodily eroded ; large or smaller outliers, now resting as 
exoties on entirely different strata . The Mythen peaks of Switzerland (31. 
pp. 264-266) are a classic example; we know similar klippen from 
numerous other ehains, also from the frontzone of the northern Rocky 
Mountains. Of ten these are huge masses, which eould not be eonfused 
with erratie bloeks, but not infrequently, smaller remnants have become 
mueh broken and seattered, and now appear as exotic bloeks strewn over 
the surface. We eould even imagine that such bloeks were afterwards 
covered by new sediment, and would appear as ineorporated in such a layer. 

3. True "exotie bloeks" : foreign rocks embedded in the Alpine flyseh 
(notably in the Wild flyseh), or other similar formations of orogenic origin. 
These are larger or smaller boulders and bloeks of rocks, whieh form no part 
of the sequenee in whieh they are now enclosed, but have been derived from 
some foreign series. They range in size from ordinary eoarse breecias, to 
bloeks several hundred feet aeross. In the Alpine flyseh they happen to be 
predominantly erystalline rocks, though sedimentaries also oeeur. This is 
aecidental. 

These truly ex ot ie blaeks ean again be subdivided in twa kinds: 
a. Bloeks whieh have been enclosed in the matrix in which they are 

now found by proeesses of sedimentatian. Such boulder beds may be fans 
of aneient torrents, (or eould even be old glacial moraines in suitable 
localities, ; on former eoasts they may havO! been eaused by the action of 
the surf on beaeh eHffs. If climatic conditions would permit such an inter­
pretation, there is no objection to coneeive some as earried by floating 
ice, derived from eoastaI. or piedmont glaciers. Notably the very large 
bloeks of th is cia ss may have been deposited at the base of former eliffs , 
from whieh they were disloeated by landslides and transported a short 
distanee by mudstreams. In this case the interpretation postulates a consi­
derabie, at least erosional break in the sedimentation, in conjunction 
wHh the formation of a topographie relief of considerable magnitude. 

Examples of bloeks of this class exist in the Cretaceous Gosau forma­
tion of the eastern Alps (AMPFERER, 1, 1909), and also in the bloeks in the 
Mioeene of eastern Styria, in the Radelgebirge (A. WINKLER, 111, 1929). 
In both cases these are bloeks, whieh ean be traeed ·as derived from steep 
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slopes in an ancient relief. Several of the large flysch blocks may have 
originated in the same manner. It is evident, that at the present time, su eh 
blocks need no longer lay at a lower elevation relative to the place of their 
origin, but that , through posterior tilting, folding or even overthrusting, 
their present location may seem at a higher a ltitude than their souree. This 
is , for instanee, evidently the case in the Radelgebirge (cf. Plate 5, 
reproduced by permission of A . WINKLER) . These Radel blocks have also 
been explained as glacial before their true origin was recognized. The 
original souree of such blocks in other localities may have been so dis­
placed and obscured by subsequent structure, as to have become utterly 
irrecognisable. If the block bearing formation became later embodied in a 
thrustsheet, the boulder beds may now occur very far from tf1e souree 
region. An instanee that the genesis can be dearly traeed, is probably 
ra ther exceptional. 

b . Another kind of exotics , finally, are blaeks whieh have been sheared 
aft from their original outcrops, or otherwise picked up, and are now 
teetanieally embadied in ather struetural elements . The writer may add 
another variation of a related kind, namely fragments pulled aff fram the 
frantal edge of a nappe, overrun and rolled out under another overriding 
mass. Both kinds are, in part, what AMPFERER has very adequately called 
"teetonie moraines". They occur notably at the base (in " the sole") of 
ovel'thrust masses . 

The first named would have been sheared oH from the substratum, 
particularly when the thrust was pushed over a surface showing a 
previous topographic relief. They were sheared oH from ridges, rolled , 
worn , slickensided, gouged, and carried along in the thrustplane, or 
in underlying slices in the sole. M any of the larger and smaller exotic 
blocks of the Alpine or Carpathian flyschfront , embedded in of ten, but not 
always, crushed and macerated shaly beds, apparently belong to this dass. 
These are confined to certain quite restricted zones and beits. This is 
easily understood, because they can only be present tectonically "down~ 

stream" relative to the motion of the overriding mass, that scaUered a certain 
ridge. It is not necessary that all such material is a breccia, actually pried 
lose from the solid outcrops by the overthrusting. If an old surface was 
covered by wash, containing larger and smaller blocks of lose rock. more 
or less waterworn or corroded, these will equally become embodied in the 
overriding mass. The effect of a thrustsheet on its sub stratum and the 
mechanics of such a process are very similar to what happens under a large 
glacier, only on a much magnifjed scale. This fa ct was demonstrated by 
AMPFERER from numerous sections studied in detail in the eastern Alps. 
(1 , 2, 3, 4: "Relief-Oberschiebungen") 1 ) . 

It is dear that , as the thrustmasses move along, breaking up into smaller 
slices, which slide and pile upon each other, or even become involuted, the 

I) BAILLY WILLIS also believes that some of the Appalachian thrusts overrode an 
older relief ; "erosion-thrusts", 
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original basal plane, carrying the exotic blocks picked up from the sub­
stratum, may finally become intercalated between quite different elements, 
in such a complicated manner, that it becomes next to impossible to unravel 
the problem, unless exceptionally weil exposed detailed sections are 
available, as is very occasionally the case in the high Alps, but can scarcely 
ever be expected in less abruptly dissected mountains. This makes that, in 
Europe as weil as in America, the majority of these orogenic exotics remain 
a grave problem. In many cases they have every appearance of having been 
deposited in the beds, which now contain them, by a process of sedimenta­
tion, though it remains impossible to devise plausible means for the trans­
portation of the often huge blocks over any considerable distance. The 
hypothesis of drifting ice has also been repeatedly advanced in Europe 
(GEYER, 42, p. 380; also A. FAVRE, H . SCHARDT, E. RENEVIER, CH. 
SARASIN , ARNOLD HEIM, H. P. CORNELIUS, and others), though it remains 
utterly inexplicable how the required extremely heavy ice could have 
occurred in the Cretaceous and Eocene seas of the Alpine region, associa ­
ted with the prevailing fauna and flora, an assemblage which is much 
easier to collate with climatic conditions than is the case for Paleozoic 
forms . This assemblage certainly does not suggest a remotely appropriate 
climate. Even the weil known and often mentioned conditions on the sou th­
western coast of Chili (known to the writer from personal observation) 
would not by any means be sufficient, and, moreover, could not occur in a 
mediterranean sea as the Mesozoic Tethys, in aperiod when, generally, 
the world's climate was apparently considerably milder than in the 
present era. 

The most conspieuous blocks of this nature in the flysch front have been 
more plausibly explained by the assumption of old r;dges in the substratum 
of the overthrust masses. This is the case in the Carpathians as well as 
in the Alps. In part these overridden ridges are hypot'H~tica1. but not com­
pletely so, since both for the Alps and the Carpatp; .s a few outcrops 
have been discovered, which are generally (though nA un 1imously) con­
sidered as autochtone rocks and would constitute actualudfed portions of 
such ancient ridges (cf. G EYER , 42 , pp . 373, 376, and 382) . This is notóbly 
t/le case for the famous block bed in the Eocene flysch of the Bolgenberg 
in the Allgäu Alps, on the border of western Austria and Bavaria (32). 

These ridges, mostly of crystalline rocks , have been named the Vindelician 
range by C. GÜMBEL ; it is supposed to be traceable, with interruptions, 
from the western Alps as far east as the east-Carpathian front . This ridge 
would, to a certain extend, mark the northern shoreline of the earl ier 
Alpine flysch geosyncline in late Mesozoic-early Tertiary time, sin ce over­
ridden by the thrustmasses. (In this conception there would be a certain 
parallelism between th is Vindelician ridge and such uplifts as the Arbuckle 
Mountains of the American Midcontinent.) 

Only a careful study, not only of the exotic blocks themselves and their 
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matrix , but of the structure of the entire region, may lead to a conclusion 
wh ether certain blocks, in a certain location, should be explained as sedi~ 
mentary, or as a purely tectonic product. In many cases the known facts 
do not yet permit a definite conclusion for the exotic Alpine flysch blocks. 
The fact, however, that conspicuously large and even unwieldy exotics of 
this nature are always so typically associated with the frontal zones of 
large "flysch"~nappes in overthrust mountain chains, suggests , that in 
very many cases it must be this particular kind of structure that causes 
them. We cannot yet, in deed, explain the mechanics in detail. and still 
less trace the exact track of the majority of these swarms of exotic 
fragments . It appears to the writer, that the explanation must be sought in 
this direction. Most of such aggregates, which contain very large blocks, 
and particularly such of which no nearby source reg ion can be conceived, 
are very difficult to understand as having been placed where we now find 
them by any sedimentary means ; they can only he a product of a tectonic 
process. They must be hlocks taken up from the autochtonous substra~ 
tum, or other sources, by overriding thrustmasses ; they we re carried alonH 
in shearplanes and somehow incorporated, notably in softer, crushed layers 
between more competent beds, which have acted as a gliding plane of 
masses moving relatively to each other. AMPFERER has described in detail 
the mechanics of complex thrustmasses moving over an autochtone reliet 
and how secondary shearplanes and slices are formed within the sheet 
through the obstruction caused by obstacles in the substratum (2, 1924). 
Entirely similar things can be seen to happen on a miniature scale in 
glacier ice. 

ft appears to the writer that, in the frontal zone of the Ouachita 
Mountains , and the location where the "Caney" boulders are found, the 
very conditions are present for the occurrence of tectonic exotics . 

We have a structure composed of thrustsheets . which by their totally 
different. facies postulate lateral displacement over considerable distances. 
We have a typical flysch, with great competent masses of sandstone 
(containing the Jackfork member, 4000-7000 feet thick) and intercalated 
incompetent shales. In the autochtone suhstratum the presence of the variou~ 
rocks of the Paleozoic Arbuckle series must be assumed for numerous 
reasons. This substratum has been intensily folded and elevated by at least 
two major orogenic phases : the Wichita (late~Mississippian to early~ 

Pennsylvanian). and the Arbuckle (late~ Pennsylvanian) diastrophisms, 
The last of these does not antedate the final overthrusting of the Ouachitas 
so far, that considerable relief may not have persisted at the time when the 
Ouachita thrustsheets advanced over, what may have been an old topo~ 
graphy, as the Alpine thrustsheets did when they overrode an old relieL 
Consequently very similar phenomena may have occurred as are so weil 
in evidence at numero us localities in the European Alpides. 

When , therefor , we find the entire Paleozoic sequence of the autochtone 
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substratum represented in boulders and hu ge blocks, in a comparatively 
thin layer of shale, locally traversed by mylonitized zones, at the base of 
several thousand feet of Atoka molasse, and resting immediately on a some 
6000 feet thick mass of Jackfork sandstone, belonging to the flysch­
sequence, in the outer front the Ouachita thrustsheets, it seems that the 
conclusion should be, that these bloeks are not only tme exoties, but should 
be eonsidered a tectonic product. 

The boulder bearing streaks in this "Caney" shale are probably no 
"beds" at all, and much of the "Caney" shale may be a mass of out-rolled 
and sliced uppermost-Mississippian or lowest-Pottsville shale (which 
normally may have been very much thicker), over which the overlying mass 
of Atoka molasse has glided relatively to the underlying Jackfork; in other 
words, the contact is, very possibly, only tectonic. 

This explanation would do away with the difficulty that early-Penn­
sylvanian Morrow boulders are embedded in a shale, which , judging from 
micro-fossils , must once have been an upper-Mississippian or, anyhow, pre­
Morrow sediment. The overthrusting occurred later : this is the main 
requisite . 

We must however point to some puzzling facts, which remain to be 
explained: 

Some of the shale enclosing the boulders does not appear mylonitized 
or crushed. In a not much indurated shale this is not always easy to deter­
mine with certitude. In a shear-zone of this kind , great, individually little 
deformed slices are apt to occur, dragged along in the sole. 

No granite or other basement rocks occur among these exotic blocks, 
although af ter the Arbuckle orogenic phase, in the visible chains, the pre­
Cambrian had become considerably bared on the ridges byerosion. The 
final overthrusting of the Ouachita nappes was probably posterior to the 
Arbuckle orogeny (cf. page 47). It is possible, however, that the special 
ridge, which yielded the exotics, occurring in th is restricted area, happened 
to contain no exposed pre-Cambrian. 

The writer's conclusion is, therefore, that the "Caney" boulders of the 
Ouachita Mountains in Oklahoma are by no means glaeial: he is inclined to 
think, that, very probably, most of them are not even sedi.mentary, but 
exotie bloeks of a purely tectonic origin, a true "tectonic moraine" in the 
sense of AMPFERER, displaced a considerable distance toward the north. 

Some of the fragments may have been pried lose from solid outcrops, 
others may have been in an ancient surface wash and been picked up by 
the overriding thrustmass. 

The sou ree are ridges in the buried southeastern prolongation of the 
Arbuckles, or more southerly chains of the Wichita system, which antedated 
the final overthrusting of the Ouachita Mountains. Elements of the nappes, 
gliding over each other, have carried these fragments along in an inter­
vening shearplane. When a some 15.000 feet thick thrustmass, consisting 
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of massive sandstone members separated by shale beds, moved over a rough 
relief. it is self~evident that the sandstones must have become displaced 
relative to each other, with shale beds as lubricants. Probably the entirc 
mass broke up in an infinite number of also th rust minor slices, and it is 
therefor hopeless to attempt to trace the track of these boulders through 
this probably vcry complicated maze of shearplanes. Without extremely 
detailed mapping (provided the outerops permit such), any attempt of this 
kind would be worthless speculation. 

Before the structure is known in minute detail. it wiJl also be impossible 
to decide definitely whether these exotics are ex c I u s i vel y of tectonic 
origin, or whether they may in part have been derived from exposed ridges 
by sedimentary processes, as described sub 3a. on page 57. Even in that 
case, they would have been carried a long dis ta nee north of their place of 
origin by the overthrusting , and probably have become associated with 
strata in no way connected with their original environment. It would remain 
next to impossible to conceive the origin of such Wichita ridges in pre~ 
Morrow time, able to yield blocks to a flysch deposit by sedimentary 
processes. 
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THE MARATHON MOUNTAINS. 

In the extreme southwestern corner of Texas, on the boundary line 
between Brewster and Pecos counties, a most interesting area of highly 
folded and partly overthrust Paleozoic rocks appears as an inlier in the 
Cretaceous, bared by post-Cretaceous erosion, af ter a regional doming of 
the basement: the Marathon Up/ift . 

The general strike of the Paleozoic folds is SW-NE. This trend also 
determines the general exposure, whioh extends about 54 miles in a 
SW -NE direction. Excepting some small outlying spots , the general 
width of the inlier in a SE-NW direction is 27 miles , for the Carbonjferous 
and pre-Carboniferous exposures. These rocks form a hilly plain, the 
Marathon Basin, within a wall of high rim rocks, which consist mostly 
of unconformable Cretaceous, except in the north, where the high lime­
stone scarp of the Permian Glass Mountains (also called Comanche 
Mountains on some maps) borders the Marathon Plain. This Permian is 
still a portion of the Marathon doming, its rocks follow the same general 
northeast strike and are unconformably overlain by the Cretaceous. The 
upper horizons of this Permian sequence belong already to the southern 
edge of the saline series of the great Permian Salt Basin of southwest 
Texas. 

The southwestern boundary of the Marathon Basin is formed by thc 
Mount Ord and Santiago Mountains . These constitute the front range of 
the Cordillera: Cretaceous, folded and thrust to the east, with a NNW 
strike. They are capped by later outpourings of rhyolitic , trachitic and 
phonolitic lavas, and contain syenite and basalt intrusions. 

40 Miles to the southwest. along the road from Marfa to Terlingua, 
another smaller exposure of Paleozoic rocks occurs in the Solitario Up/ift. 
It is cut by the Presidio-Brewster county lin~ . 

This is an almost circular exposure, on the apex of a topographic dome, in 
which the Paleozoic is bared within a circular arena with a diameter of 
approximately 4Y2 miles, surrounded by a rim of lower-Cretaceous, and 
Tertiary to recent igneous rocks : felsite, rhyolite and basalt. On the western 
side the rim culminates in Solitario and Fresno Peaks . The igneous rocks 
also cover portions of the Paleozoic area. Patches of lower-Cretaceous are 
also left within the arena. 

The Paleozoic formations are exposed in overthrust faultblocks, which 
contain closely compressed and broken folds . The strike of these lat ter 
Is NNE in the eastern portion of the area; in the western part they strike 
more 'E.-W to ENE. In the northern end a fault separates a block, in which 
the formations strike NW -SE, at variance with the general northeasterly 
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direction. The divergences, apparently, are largely due to the thrusting 
and shuffling of faultblocks, and the normal strike is NNE-SSW. The 
formations are very much disturbed and the folds closely pressed 1) . 

Sedimentary sequence. 
The older Paleozoics at Marathon and the Permian Glass Mountains, 

which interest us at present, have notably been described by UOOEN, 
BAKER and BÖSE (lOl, 1916). UOOEN, BAKER and BOWMAN (8, 1917), 
PH. & R. KING (63,64, 65, 1926, 1928 and 1929), SCHUCHERT (87, 1927), 
KEYTE, BLANCHARO and BALDWIN (62, 1927), and PH. B. KING (120, 
1931).2) • 

The sequence is condensed in the Tables V . a., b. and c., giving the 
principal correlations, according to the cited papers, supplemented by per­
sonal work of the writer, who also spent considerable time in the region, 
at times with some of the authors referred t~. 

The Permian sequence in the Glass Mountains is the thickest and most 
fossiliferous of any in North-America, and being open-sea marine, represents 
the key sequence for the correlation of the American Permian with that 
elsewhere developed in the world 3). 

In the Solitario uplift the sofar identified Paleozoics comprise the follo-
wing formations : 

Carboniferous: Tesnus. 
Devonian: Caballos Novaculite. 
Ordovician: Maravillas formation and older strata, down to the upper­

Cambrian; there also occur metamorphic rocks, that are possibly pre­
Cambrian . 

The section of the older-Pennsylvanian and pre-Pennsylvanian for­
mations of these uplifts has not yet been completely unraveled. Intricate 
folding , thrustfaulting and flat overthrusting , combined with an extensive 
covering by surface wash , not only make measurements very difficult , but 

I) . Communication and map r~ceived from E. H . SELLARDS. as advanc~ notic~ of a 
report in pre para ti on (Oct. 1. 1930). 

2) While th is treatise was in ehe press, th is last dted new important work by PH. B. 
KING was publish~d by the University of Texas (120. 1931). It gives a great deal of 
new detail for the stratigraphy. as w~lI as for the structure of the Marathon region. 
Through kind advance communications from the author and from E. H. SELLARDS, the 
writer has been enabled to make use of such of the results as pertain to our present 
problems. 

3) BOSE correlates the Word formation with the Fusulina Limestone of the Sosio valley 
of Sicily. regarded as post-Artinsk, and equivalent to the Kungur of the Russian sequence. 
This would make the Vidrio ·Tessey salt series of the Texas Salt Basin equivalent to the 
typical upper-Permian: the Kazan-Tartarian series of Russia and the Zechst~in of Germany. 
To this same division belong the Capitan-Carlsbad-Apach~ limestones of the western rim 
of the Salt Basin. The Hess-Leonard ammonites correlate with the Artinsk divisiou. 
(SCHUCHERT. 87, p. 398) . 



TAB L EVa. 

PERMIAN SEQUENCE IN THE GLASS MOUNT AINS 
(MARATHON REGION) IN SOUTHWEST TEXAS. 

THICKNESS 
CORRELATIONS IN 

DESCRIPTION Of FORMATIONS 

MARATHON REGION PEET 

CRETACEOUS Lower CreJaeeous (deposited af ter tilting ) 

-----,------,----'-------+~ Unconformi fy, peneplaination 

BISSET CONGLOMERATE, 

~ .. 
'" VJ e 

" WO:: - "iii 
Z 

0:: VJ 

W " 
<l; 

" VJ 'ti -..: 
::E z '0 

<t: ~ 0:: e 
N 0 

t; W <t: ~ 

E 
>:: ;:; '" I ~ 

~ 

Z ti 0:: 
~ 

<t: "0 
0 W - c:i: 

0:: '0 '" <l; 
~ 

" '" r- e 
0 

::J 0:: N 

" <t: " ..c 
(-. '" ;ä 

Z 

<t: 

-

VJ 

W 

z 

VJ 
LIl -0:: 
W 
VJ 

~ 
0:: 
0 
(l.. 

0:: 
<l; 

LIl 
....l 
U 

0-720 

subangular to rounded boulders, predominantly 
Glass Mountain dolomites. wi th a few chcrts, quartz 
and qua rtz ites from the Word aod older Ma rathon 
rocks. pa rtly interbedded with red shales a nd thin 
ycllow Jimestones or sandstone beds, containing 
Permian ostracods, poor casts of gast ropods and 
late-Permian plant remains. 

unconformify, overlaps over some 
------+V'VVVVV'VV'VVVV1 800 feet of eroded upper­

Permian st rata. 

circa 2800 

CAPITAN SERIES (Tessey-Gilleam-Vidrio) , 
Generally very massive, locally more platy, partly 
unstratified. partly crossbedded, dolomitic Jirnestone! 
and dolomites, genera ll y light grey; intergrading 
a ncl passing toward thc cast in to bcds of brown, 
moderately coars€: grained $a ndstonc. interhedded 
with red sha les and gypslIm; sandstone finally 
makes up 10 % of mid dle (Gilliam) d ivision. 
Represents southern edge, partly a1gal harrier reef, 
of grea t Salt Basin. grading within not exceeding 
25 mi les toward north, in anhydrite and rocksalt. and 
basal dolomites and san dston es (\l,,'e ll s in Pecos 
cOllnty). 

Macrofossils a re very scarce : Fusulina elongatB 
through entire series in places; othcr farms point 
ta sim ilar fauna as in Ca rlsbad-Capitan limestones of 
Sacramen to-Guada lupe Mountains. 

i------+~ slicht unconformity indicated. V'V 

1500- 300 

1800--300 

WORD fORMATION , 
dense cherty limestones. partly bi tuminous and 
silieeous (rad iolarian). partly sandy sha les : 
th ickcning toward south and grading into sand stones 
with conglomerates (De l NaTte Mountains). Toward 
northeast the formation thins to 300 fcct o f chcrty 
dolom ite in Sierra Madera, sandstones and shales 
lensing out : fi nally grading inta bas~l dolomites 
and sandstones of sa line sequence of Salt Basin. 

Fossils: Waagenoceras zone, a1so other ammonoids. 
Tcgulilera. Lyttonia and other Permian brachiopods. 
Fusulina elongata large 3nd common. Fauna in top 
of Word equals that in uppcrmost dark limestone of 

I O elaware Mounta in fm. 

LEONAR D FORMATION , very variabIe , 
In West: 1800 ft. of brown, platy, fl inty radiola rian 
shales. w ith th in laycrs of Iimestone. partIy 
bitwnillous: pebblebeds and gritty pebbly linlestones, 
notably in southwestem section; toward northeast: 
shalcs and marls lcnse out a nd limestones change into 
dolomi tes: 300 feet or less of featureless sandy and 
pebbly dolomite in Sierra Madera; fina lly grades 
into basal dolomites of main Salt Basin. 
In thc southwestern section the limestones are fuil 
of pebbles of chert, qua rtz and limestone. 

Fossils abundant : la rge Crinoid~ fre quent: zone of 
Perrinites vid riensis and other ammonoîds: Tegu/j ~ 
faas, Lyttonias and other Permian b rachiopods. 

:2. 
I---!-------'~ ? slight unconformity ? ~ 

z 
o 

> 

a 

z 

<t: 

0:: 

W 

'" 
0:: 

LIl 

~ 

0 

....l 

PENNSYL­
VANIAN 

VJ 

I 

W -
0:: 

LIl 
VJ 

>-
Z 
<t: 
~ 

....l 

<l; 
, 

<t: 
(-. 

-
:r: 
U -
~ 

• 

50- 2100 

HESS fORMATION , 
Predominantly da rk limestones, thînbedded and non ~ 
dolomitic in tbc west, becoming dolomitic t.oward 
the eas t ; 
co tbc eastwa rd thc dolornites intcrfinger in their 
lowcr part w ith vari-colored ma ri s. sandstones and 
shales, same of which arc red. 
T hc base is in .:l il loca lit ies conglomeratic, coarst 
and thick in the west. thin and Hner in the cast. 
Sedirnents thieken south westward. but thc actual 
thickness of the fo rmation decreases in that dîrcction 
through successivc overlapping against a probably 
contemporélncous up1ift of 'vVolfcamp beds in the 
soutl1. As aresult. the casternmost section 11lcasures 
2100 feet; northeast of Lennox. in the west. only 
50 fecr. A bed of massive pure limestonc persists here. 

Fossil~ only in ce rtain layers: 
zonc of P crr inifcs comprcssus; FlIsulina cf. elongata : 
Lytlonia. (fauna of Bonespring Limestone of Guada ­
lupe MOllntains) . 

angular 
I--------!I~ unl.:on formit!) ~ 

-+75- 700 

WOLf CAMP fORMAT ION , 
dominant ly shales, same few lirnestones a nd con · 
glomerates . 
O verlaps on folded Pennsylvanian in southwest. 
th iekening there to 600 feet, of which 400 feet are 
conglomcratc. In the western part of t:'he G lass 
Mountains thc Wolfcamp is fo lded into broad arches. 
not shared by thc ovcrJying Hcss fm. 

Fossils: fairl,.. common ; Schwagcrint1, Tcgulifera 
and Lyttonil1 in uppcr 500 feet of format ion ; 
in base : zone of Udde nites änti other ammonoids. 
(B. H. H AllLTON, and others, eonsider this lower­
Wolfcamp upper-Cisco : PH. B. KI:-iG and man)' 
others basal Permian.) 

erosional un<:on{ormity and im ~ 

I
~POrfant break. dcc reasmg ie 

irnportance towards northeast : 

I equivalent of ARBUCKLE OROGENIC PHASE 

PENNSYLVANIAN AND OLDER SERIES. 
(Sec T able Vb. ) 

TA B L E Vc. 

PRE-CARBONIFEROUS SEQUENCE IN THE 
SOLITARIO UPLIFT IN SOUTHWEST TEXAS. 

(Communieated by C. L. B.~KER ) . 

GENERAL 
AGE 

I C ORRELATI ON WlTH 
OLD PAI.EOZO ICS OF 
MARATH ON REU ION 

UPPERMOST 
MISSISSIPPIAN ? 

BREAK 

DEVONIAN? 

UPPER 

ORDOVIC IAN 

I 
DESCRIPTION 

ROUGH- REEK SHALE: I Tesnus 

~crosional vLVl!lC HITA PHASE 
llfl con[ormity 

CABALLOS NOVACULITE; similar to Caballos Novaculi te 
Marathon devclopment. 

I "SOLITARIO fORMATION", 15- 50 
I fe et of bright green siliceous a nd clay shaIes. 

I 

MARAV ILLAS CHERT , I 
simila r dcvelopment as at M ara thon. but I 
with relative ly morc che rt and less lime· 

Mllravillas chert 

stone (R ichmond-Fernvale agc). . ~ ~ ~ ~ 1 ~ ~ 'v' ~ ~ ~ ~ ~ ~ ~ ~ ~, 
.. .. ~ llnconfo rmify 8nd break ....,. v- V'" ..... V' v"'" V V V V' V " " " " " 

I 

MIDDLE AND 

LOWER 

ORDOVICIAN 

UPPER 
CAMBRIAN 

PRE-CAMBRIAN 

MARA THON SERIES, 

Trenton , Black River. LOll'ville. Cha:y 
and BeckmaTltown agc : chcrts. shales. 
limestones, same sandstones and cOl1g l o~ 
mcratcs. corresponding with similar 
formations in the :vIarathon reg ion I ). 

Marine. fossiliferous , burl. etc. sandstones. 
drab sha lcs <lnd some thin inte rbeds of 
impure limestones; in considerable pa rt 
arkosic. 

B. Muc h contorted marbles. w ith ve ry 
narrow bands of chert , sirnilar a nd 
possibly equivalent to marb les with chen 
bands in thc reg ion narth of Eag le F lat 
and Allamore. and north~west of Van 
Horn. a t the southern margin of the D iablo 
Plateau (in thc Milliean form ation) . 

b. Quartzitcs. resernbling somewhat 
thc pre~Cambrian quartzitc of thc F ran­
klin Mountains 2). 

MARATHON 
SERIES , 

Woods Hollow sho lc, 
Fort Peii.a formation. 
A lsate shalc, 
Mara thon limestone. 

Dagger Flat sandstone; 

not represented 

1) Represented in a very complex anticiinoriuITI, on the nappe in the northcrn half 
of the Paleozoic area of the Solitario. This nappe is fo lded; erosion exposes window5 
of Rough Creek~Tesnus in the substratum, surrounded by Ordovician rocks. 

2) These metamo rphic rocks arc contained in another nappe. overthrust over the 
Cambro-Ordovic ian complex. 



TAB L E Vb. 

PENNSYLVANIAN AND OLDER PALEOZOIC SEQUENCE 
IN THE MARATHON MOUNTAINS 

PRINCIPAL CORRELATIONS 
GENERAL 

AGE 

T HICK­
NESS 

IN PEET 
DESCRIPTION 

NEW MEXICO SOUTHERN 
OKLAHOMA 

ê 
0 
;;> 
~ 

. -ê 
.<0 
v 
'" ~ 

0 
5 

W c 

'" til -:5 

" til 0 
'C 

.0: '" E 

" ...J 0 
E 

0 ." 
C 

:;;; '" , . ~ 
~ 

'" ü 
~ 
~ 

..!: 

1:-
ë 
" c 
" 2 

:I: 

U 

til 

BASAL 
PERMIAN 

(Upper-Cisco 
absent) 

o 
U 
til 

.... BREAK 

up to 

525 

present in Hueco. 
Uddeniles-zone of lower-Wolf- Diablo and Frank-
camp. lin Mountains in 

foreland. 

I large erosional IJn conformity and break 
1/VVV'v'V'. Al(BUCKLE OROGENIC PHASE ~ 

UPPER-GAPTANK 
FORMATION: 

mainly thiek beds of !imestone 
(10-40 feet). intercalations of 
shales and some sandstones. 

Fossils. loeally abundant: a 
lower-Cisco assemblage. contir ... 
med by Fusulinids . 

upper-Cisco 
sing. 

mis~ upper""Cisco mi,... 
sing. 

limestones, 
POW-WOW 
REDBEOS ; con­
glomerates. 
(circa 200 feet) 

VAMOOSA 
FORMATION 

Gaptank fu sulinids 
range up into 
Shawnee formation. 
but not into Wa­
baunsee. I 

eisco Fu.sulinids 
(65. p. 911) 

I----~------~-------------------~. 

z 
o 
>< 

z 
« 
U 

..... ? .. ... 

Z 
<t 
Z 
o 
> 
~ a 

BREAK 

more 

than 

1000 

2500 

circa 

800 

up to 

7000 

400 

LOWER-GAPTANK 
FORMATION: 

UPPER PAIlT: mainly shales. 
witb interbedded limestones; 

LOWER PART : limestone conglo­
merates (25 .%) . alternating with 
Jimestones, heavy sandstones 
and shales. Conglomerates 
conta in angular bleeks (up to 
2 feet across) derived promi­
nently from Dimple and Cabal­
]05 formations and, though less 
abundant. of entirc sequence of 
older-Paleozoic sedimentaries . 
(64. p. 143.) Gaetetes-limestone 

Gt base. 

Fossils: inclicate Pennsylvanian 
as~emblage. inc1uding Canyon 
and upper"" Strawn. 

HAYMOND FORMATION: ") 
upper part i thick arkose beds 
and cang lomerates; 
IO\'.:er part : sandstones. inter"" 
bedded '\vith same dark siliceous 
shalcs. 
Exot ie blocks reported in upper 
portion. 
Several layers with plant 
remains indica tc "Pottsvillc" 
(0. WH ITE). 

Massive and thin"" 
ner bedded. grey 
limestones. with 
1ower""Cisco and 
Canyon fossiIs. 

(550 feet) 

lower dark lime­
stanes in H ueco 
Mountains. with 
plentiful Chaetetes 
and genera! Strawn 
fauna . 
(900 feet) 

HOXBAR FORM. 
in Ardmore reg ion. 

(4000 feet) 

According to PH 
B. KI NG . fossiIs a 
the base of Gap 
tank are deeidedly 
Strawn (= Mar 
maton). 

VVV"v" unconformity 
at base of Hoxba 
in Criner Hills. 

DEESE FORM. 
in Ardmore regioo 
(6000-7000 feet) 

DORNICK HILLS 
in Ardmore reg ion 
Millsap in Texas 
(4000 feet) 

No unconformity apparent in 
Marathon region. unconlormify unconlormity 

DIMPLE FORMATION : 1) 
thin and mass i ve, very poorly 
fossiliferotls limestones. inter"" 
bedded with shak 

Foraminifera indicate lower"" 
most .... Pennsylvanian: Morrow. 

I 
Bend or Lower""Pottsvi lle; a 
few gonia tites and brachiopods 
of Pot tsville age. 

T ESNUS FORMAT ION: 1) 
in its grcatcst dcvelopment in 
thc southeast: a vast series o f 
greenish quartzitic sandstones. 
often m massivc bcds. inter­
ca la ted with same gl'een chert. 
ana blue. greenish . blac k and 
often si li ceou.s slmles : pre­
domin<'lntlv shales at base. 
Clastics . are derived from 
crystalline rlnd metamorphic 
rocks (65. p. 908). 
Thins to a few hundred feet . 
all shaly. to the N. \V. 
Poorly preserved uncertain 
plantremains, indicatin g Penn"" 
sylvani an~!\.1ississippian tran s"" 
it ion zone. 

~~ 

upper-pulsation of WICHIT A PHASE. 

lowermost lime- SPRINGER 
stones of Hueco FORMATION 
Mountains. w ith 
Morrow fauna in Ardmore reg ion 

(75- 150 feet) (3000-3500 feet 

and JACKFORK 
FORMATION in 
Ouach ita Moun 
tains 

HELMS 
FORMATION 

of H u eCQ MOtm· 
ta ins : sandy lirne­
stones and sand"" 
stanes •• th ickening 
toward southeast. 
Upper-Mississip­
pian fauna. 

(5000-6000 fee t) 

STANLEY 
FORM 

of Ouachita Moun 
ta ins 
(6000-10.000 feet 
Acco rding to UL 
RI CH. tbe Jackfork 
reaches up iota 
upper~Pottsv ille 

(Morrow) . includ 
ing the Springer 0 

Ardmorc Basi.n. 

~~ general unconto:-rJlity A~ 

marking lower-pulsation of W/CH/TA OROGENIC PHASE 
(llrtcon[onnity a/sa in Solitario reyion). 

< HIATUS > 
I LAKE VALLEY I 
llimestone: flag gy 

representing m ost of M ississip- cherty limestoncs. 
piano thirming toward 

southeast. (a!so na·· 
CABALLOS NOVACULITE: med middle-Helms). 

white. va ri-colored and black 
chert. cherts in Franklin 
Fe\\-' fossils. agc uncertain ; and Hueco MOUllp 

l'egarded as of lower""Devonian. ta ins : 
Oriskany age by ULllI CH (103 ). PERCHA 

SYCAMORE !ime 
stane in Arbuckl e 
region. 

AR KANS AS 
NOV ACULITE in 
part. 

I important unconformity. I-==F=O=R=M=A=T=I=O=N=T~========== 
------------~---------~~~I-

ARBUCKLE I OUACHIT A 
BREAK 

Lower 
Sil urian? 

350 

MARAVILLAS SERIE S: " ) 
Predominantll' black aJternating 
thinbedded cherts above. and 
limcstones below : 
basal conglomerate : large boul­
ders of chert. limestone. sand­
stone. as a Id as Cambrian. 
Fossilifcro!ls: Richmond and 
lIpper-Trenton graptalites, bra p I 
chîopods. oryozoa. etc. 

tlncon formjfy 
1 __________ ~'.A/VV 

U 

> 
o 
a 

500 

150 

MARATHON SERIES : " ) 

\'lOODS HO LLOW SHA LE : 
clal' shale, with thin Jimestane 
and sandstonc bcds. 
FossiliferolJs : middle-O rdovi-
cian (Trenton) graptolites. 
bryozoa . brachi opods. 

fORT PE~A FORM ATION : 
massive sandy limestone, 
bedded reddish ehert. with 
conglomerate jn lower part ; 
Fossi liferous : middle-O rdovi­

cian (1) (Black Rivor o r Chazy) 
graptolites. 

MOUNTAINS MOUNTAINS 

Femvale-Ricb­
mond rone of 

VIOLA 
LIMESTONE 

(total Viola 
500-700 feet) 

LOWEST 

BLAYLOCK 
FORMATION 

to 

VIOLA BIGFORK CHERT 

SIMPSON I 
FORMATION? 
( 1200--2400 feet 
in \Vicbita geo­
syncline) 

WOMBLE 
FORMATION 

I --------·I-----------------------I-------------_I~ 

o 50 

800 

BREAK or unknOWD 

I 

Z I 
« onl y -
~ 250 
CO 

:;;; ft . 

.::: expond 
U 

AL SATE SH ALE: green shale. 
with same Jimestone beds in 
south. 
Fossiliferous: Lower--Ordovi-
cian (Deep KiII) grap tolites. 

MARA THON LlMESTONE : flaggy 
li mcstones. with shale partings; 
many beds of conglomerate. 
D eep Kill graptolites : Beek­
m.lTItown fauna near middle. 

H iatlls? top Imdctermined. 

DAGGER FLAT 
SANDSTONE 

I fl3gg)1 and thick bedded saccha­
roidal, bl'ow n sandstones. inter"" 
bedded with dark green shales 
in upper part. 
Fossilifcrous ; upper""Cambrian 
tri lobites. 

Ba3C not exposed ; no deeper 
{ormation s are kno wn . 

ARBUCKLE 
LIMESTONE 

(5000-8000 feet 
in Wichita goo­
syncHne) 

Hiatus 

underlain by Cam­
brian REAGAN 
sandstone. 

BLAKELY '. 

SANDSTONE ( 1+ 

MAZ ARN ~ 
SHALE 8 

.,1 ~ 

CRYSTAL Mt. ~ 
SANDSTONE1 

BREAK 

underlain by COL­
LIER shale. Base 
DOt exposed. 
(Age uncertain). 

' ) Similarly as for d,. Ouachi ta Mounta ins (cf. T able IV) . tbe exact age of tbe 
subdivisions of the fl ysch is still undec ided. but it is certain that these orogenic sediments at 
Marathon also represent thc transi tion zone between M ississippian and Pennsylvanian; this 

interval is reprcsentcd by a conspieuous gap in tbe sedimentary sequence ove r tbe foreland, 
outside of the f1 ysch geosyncHne (c.!. 118) . The Mara thon fly sch is a geosynclinal orogenic 
deposit, laid down a t a time th Llt thc entire Pla teau fo reland was emerged. 

2) Stratigra phy anel correla tions af ter PH. B. KINO. Thcl'e is controversy. whether or 
no t Cambrium is represented at Marathon. T hc above version is contested by B. H. 
HA RL TON and F. A. BUSH. who advised the writer tilat the type loeality yielded a pro­
fusive microfauna of Blaek River ag e. (Communications by letters.) 
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probably cut out portions of the sequence, which appear as absent, but may 
simply be obscured by overthrusts, or not be exposed. For the same reason 
it is of ten difficult to ascertain whether certain angular discrepancies are 
due to erosional unconformities, or merely to thrustfaults and shearing. The 
general character and facies of the series , however, are now weil known. 
The older Paleozoic section is of particular importance for the purpose of 
correlation of these exposures with the general Paleozoic orogeny of North 
America. 

This chapter is a synopsis of the latest views. With the kind permission 
of the University of Texas and of the authors, a map by PH. B. and 
R. E. KING is reproduced . (Plate 6) . 1) 

TIME AND CHARACTER OF THE MARATHON OROGENY. 

M. G. CHENEY, following C. L. BAKER, suggests (27, p. 570) that the: 
Marathon outcrops of Paleozoics are connected with a southwesterly exten­
sion of the Ouachita system, and draws attention to the similarity of depo­
sition and structural history. The writer has repeatedly expressed the same 
views in unpublished reports known to his collaborators. The problem is 
how these elements are connected . Here lately SELLARDS, CHENEY and 
Ph . & R. KIN'G, have performed and published valuable work. 

The pre-Carboniferous old-Paleozoics exposed in the Marathon region 
we re laid down in an ancient geosyncline, in every way similar to the 
one we have described for the corresponding sediments in the Ouachita 
Mountain area. The facies in characterized by a thick succession of dark 
limestones, shales and bedded chert, in which graptolites are the most 
abundant fossils, whilst on the foreland these same formations are developed 
nearly entirely as limestone, and are generally thinner than the geosynclinal 
sequence. The source of all the Marathon old-Paleozoic sediments is in 
the southeast, and its shales and limestones are replaced by beds of sand­
stone in that direction. The Caballos novaculite formation likewise thin;:; 
out from 700 feet in its southeastern exposures to less than 200 feet in the 
northwest. Evidence indicates that th is is the result of original differences 
in thickness of the deposits, and not of mere overlap. 

I. The pre-Carboni{erous orogenic phases. 

The older Paleozoic sequence in the Marathon region, older than the 
Carboniferous, has been so very severely folded and overthrust by later 
diastrophism, that it is difficuIt to unravel the earlier tectonic history. We 
will not discuss these pre-Carboniferous phases further: they are more or 
less outside the scope of th is treatise. We will only mention that the best 
indicated older unconformity is one underlying the probably Devonian 

I) A more detailed new map of the major part of the area is contained in the al ready 
mentioned publicatIon by PH. B. KING (120) , 

Verhand. Afd. Natuurkunde (2e Sectie) DI. XXVII. C 5 
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Caballos novaculite, involving a break in the series down to the Richmond 
zone of the lower-Silurian . Another , possibly still more important orogenic 
break is indicated between the Maravillas and Marathon (Trenton) series. 
This hiatus , which has also been established at Solitario, should correlate 
more or less with the "Taconic" orogeny of ~he northéast of the North­
American continent. 

This disturbance should be classed as a Caledonian phase . 
Not much is known about this interesting tectonic break in the Ouachita 

Mountains, ex cept that, apparently, both the ArkanSélS novaculite and th ~ 
Missouri Mountain slate are unconformable on rhe Blaylock, also of about 
Richmond to Trenton in age (115, Plate XXV, and also 103). 

11 . The Wichita orogeny. 

The Tesnus overlies the pre-Carboniferous unconformably, with a basal 
conglomerate, indicating a pre-Tesnus erosion of the Novaculite (64, 
p . 111) . Unhappily, fossiIs are almost absent, and the exposures are often 
so poor and so complicated by structural disturbance, that the ex tent of the 
break is not weil known . The Tesnus is a typical flysch-type deposit, and 
probably more than 4000 feet thick in rhe southeastern angle of the 
Marathon Basin, whereas to the northwest it is found to th in progressively, 
dwindling to a thickness of only 225 feet in the reg ion of the Roberts 
Ranch, southwest of the town of Marathon . This thinning is partly the 
result of overlap of the Tesnus on the Caballos formation , and the contact 
is nearly everywhere marked by a conglomerate in this region. There is, 
however, also a real thinning of the entire Tesnus formation tI) the north­
west , and the sediments, very certainly had their source in the southeast . 
In the southeastern part of the Basin, the Tesnus is nearly all sandstone, 
including thick ledges of white quartzite, and other layers of arkose and 
graywacke, with a chloritic matrix . In the northern part of the Marathon 
Basin the formation consists for more than half of blackish shales, and its 
sandstone beds are all of fine grain (cf. 120, pp . 31-36, and 114). The 
Tesnus ,has also been identif.ied at Solitario in the (upper-Tesnus) Rough 
Cr eek shale, resting with an erosional unconformity on the Caballos nova­
culite 1 ) . 

We do not know the exact age of the entire mass of either the Caballos 
novaculite or of the Tesnus formation , notably how far the latter may reach 
down into the Carboniferous. It may only represent the Strawn, but it is 
very much more probable that a portion of this thick orogenic sequence aIso 
includes both Morrow and uppermost-Mississippian horizons. DAVID 

WHITE has stated that some of the scarce and poor plant remains, collected 
from near the top of the Tesnus, suggest lowermost-Pennsylvanian, 
meaning that this is the same transition flora between Mississippian and 
Pennsylvanian as we find in the Ouachita Stanley-Jackfork flysch (8, pp 

I) CommunIcation from C. L . BAKER. 
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103-105). PH. & R. KING also state that foraminifera, also collected from 
near the top of the Tesnus, according to B. H. HARL TON, suggest lower­
most-Pennsylvanian (64, p. 111). Thousands of feet of strata, whose age 
has never been established, underlie these fossiliferous · horizons. PH. KING 
expressed the opinion, that , not impossibly, the base of the Tesnus may 
correlate with the upper portion of the Helms formation, exposed in the 
Hueco Mountains, and that, therefor , at least in part, it could he uppermost­
Mississippian, and might weil occupy a similar position on the foreland as 
we have discussed for · the Arbuckle Caney (cf. pages 43 and 51). (87,62, 
64, 118). The upper-Helms is also separated from the underlymg lower­
Mississippian, and might weil occupy a similar position on the foreland, as 
it also thickens and becomes more clastic toward the south (120, p. 36). 
Mississippian, and might weil occupy a similar posi·tion on the foreland , as 
the Ouachita Stanley, and the Parkwood of Alabama, and mayalso include 
most or all of the Jackfork. The Dimple, according to PH. KING , is most 
probably Morrow, and according to DAVID WHITE, plant fossils from the 
Haymond formation belong to "some part of the Pottsville". Thebreak at the 
base of the Tesnus might represent the same orogenic phase in the uppermost 
Mississippian, which we described for the Ouachita Mountains. We called 
this the older pulsation of the Wichita phase. This would make the Tesnus, 
and perhaps a part of the overlying older-Pennsylvanian, the equivalent of 
the Caney-Springer sequence of the Ardmore Basin. deposits which we 
have called the "flysch" of the Ouachita Mountains . 

Even as the Ouachita Stanley, the Marathon Tesnus and Haymond sedi­
ments are , in part, derived from crystalline and metamorphic rocks (120, 
p.p. 34 and 34). The Gaptank and uppermost-Haymond conglomerates. on 
the contrary. are derived from the complete sequence of the older-Paleozoics 
exposed in the Marathon Mountains. including. notably. the post-Tesnus 
Dimple. in addition to the Caballos and Maravillas formations (65, p. 908) . 
This makes these two groups of strata markedly different; evidently an 
important tectonic event separates them. 

When discussing the Ouachita Mountains, we noted bhe absence of a 
marked break between the f1ysch and molasse groups in those mountains. 

Though there ex·ist irregularities, possibly pointing to a tectonic contact, 
there is no sign of an important angular unconformity between the Jack­
fork-Stanley f1ysch and the Atoka molasse formations in any of the 
exposures within the Ouachita Mountains. The 52cond pulsation of the 
Wichita orogenic phase, which caused the change in the sediments, must 
have been located farther to the south 1). 

Exactly the same seems to have been the case in the Marathon Moun­
tains. No break can be seen in the lower part of the Carboniferous 

1) A similar local distribution can he noted in the Wichita system. We have seen on 
page 28, that the late-Mississippian, at least pre-Morrow, pulsation is indicated only in 
the southern part of this system. On the southf!rn Bank of the Red River Arch the Bend 
lies unconformably on the eroded Ordovician. 

C 5* 
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sequence, though unconformity has been claimed for the base of the Dimple 
(Bend) . According to PH . KI NO, the contact between the Dimple and the 
Haymond (Strawn) is gradational and apparently conformabIe. The 
transition is weIl exposed in several places about 15 miles east of Marathon . 
The Gaptank also overlies the Haymond conformably. The basal member, 
the Chaetetes-limestone 1) , rests directly up on thinbedded Haymond sand­
stone (64, p. 114) . The outcrop at Solitario gives us no additional 
information, since no younger Pennsylvanian than upper-Tesnus is 
repr·esented here. 

Although there is no unconformity in the sequence at Marathon, the 
facies seems to indicate the two pulsations of the Wichita orogeny more or 
less clearly. The clastic deltaic Tesnus formation is followed by the quiet 
period of limestone deposition represented by the Dimple (more or less 
equivalent to the Wapanucka) , and this , in turn , is succeeded by a new 
thick series of clastic sediments , entirely similar to the Tesnus, the Hay­
mond, indicating the resumption of vigorous erosion. There even occur3 in 
the highest Haymond a widespread layer of chert conglomerate. Apparently, 
most of the Haymond must be considered as upper-Pottsville and Strawn, 
and would , therefor , correlate with the Atoka-Thurman sequence of the 
Ouachita Mountain region, and the Dornick Hills-Deese series of the 
Ardmore Basin . The lowest Gaptank beds may represent uppermost 
Strawn, whilst the entire Gaptank sequence extends into middle~Cisco , 

possibly as high as Kansas City-Lansing time. Fossiliferous representatives 
of the Wetumka (Fort Scott) and Wewoka horizons of the Canyon are 
weIl marked, but the upper-Cisco is absent . This would make the Gaptank 
formation equivalent to most of the Hoxbar of the Ardmore Ba~n . All this 
fits in exceedingly weil with our views that the Marathon and Ouachita 
Mountains are members of the same 'Ouachita System . 

In the Marathon foreland , however , the dividing unconformity is in 
evidence, and we have seen the same thing to happen in front of the 
Ouachitas, in particular in the Ardmore Basin ; there it comes in a t the end 
of Morrow time, overlying the Springer formation . Here in thc West, we 
find in the H ueco Mountains, as weil as in the Llano-Burnett exposures, 

1) ChBetetes milleporBceus is a coraL restrlcted in central-Texas to the 8rownwood 
shale of the Canyon, and then again reappearing in the much lower zone of the MarbIe 
Falls Ilmestone (Bend = Morrow). This. however. indicates that the species has a wide 
zona I distribution. In the northern Midcontinent this form also ranges from Morrow to 
approximately Lansing (middle-Ciseo). but it is particularly charaeteristic of the Fort Seott 
and Pawnee Iimestones. a horizon approximately equivalent to the 8rownwood (64. p . 118). 
The most prolific fossil horizon of the lower-Gaptank. 700 feet above the base. contalns 
a regular Pennsylvanian assemblage. but of widely ranging forms. appearing closest 
related to the Wewoka of Oklahoma (= Canyon of Texas). (87. p. 388). All the various 
fossil zones. found sofar in the Gaptank formation. seem to define its age as ranging from 
Fort Seott to KBnsas City time of Oklahoma = from Canyon to middle-Cisco in Texas. 
Representatives of the upper-Cisco Wabaunsee group are absent . (cf. 120. pp. 46-49). 
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this same unconformity between beds of Morrow and of Strawn age (65, 
fig. 2, p . 909). 

Consequently, we see that both pulsations, of the Wichita phase are in 
evidence in the Marathon region : the older late-Mississippian puisation is 
expressed by marked unconformity. The later post-Morrow pulsation is 
only expressed, within the mountains , by a marked change in the character 
and souree of the sediments; in the foreland, however, it is expressed by 
actual unconformity. All this is exactly simil'ar to conditions in the 
Ouachita Mountains region . 

111. The Arbuckle orogenic phase. 

The late-Pennsylvanian and Permian orogenic movements are far more 
c1early indicated in this western region , than in any of the more easterly 
chains of the Ouachita System . The Arbuckle phase was very intense in 
these mountains, and affects strata, which are better known in detail. Even 
as in the Wichita system, it considerably obscures the earlier phases. It 
seems to begin in Cisco time. The most important break underlies the 
Permian Wolfcamp formation, and the hiatus comprises all the uppermost 
Osco, and possibly some of the lowermost Permian. BAKER places the more 
important orogenic unconformity at the base of the upper-Gaptank. PH. B. 
KING does not agree with th is opinion, but points to other evidence that the 
first disturbances b~gan already in Canyon time, entirely sim11ar to what 
we have described before for the Ardmore region . The Wolfcamp and Hess 
formations, and perhaps the Leonard, overlap to the southwest over a land­
surface uplifted by the Arbuckle phase. Disturbance and reactivated erosion 
still continued during much of the lower Permian. There is a general uncon­
formity at the base of the Hess, with signs of nearby active denudation and 
the formation of coarse conglomerate. Deposition of clastics continues in the 
Leonard. These are posterior pulsations of the Arbuckle orogeny . Their 
prominenceand duration emphasize the intensity of this phase in the south­
western region of the Midcontinent. 

C. L. BAKER discovered the very significant fact that, in the Marathon 
Basin, the pre-Pennsylvanian formations constitute a nappe, which has 
overridden the upper-Pennsylvanian beds from the south in a widespread 
flat overthrust : the Dugout Creek, or Pena Colorado thrust . (64, pp. 117 
and 121 and fig. 8) . The thrust is a horizo~t'al. afterwards warped shear. 
The folds within the overthrust ma ss are cut oH flat , and have no relation 
to the structure in the autochtone. Posterior warping and eros ion have 
caused a wide window in the northwestern part of the Marathon Basin. 
East of the longitude of the town of Marathon, we have no c1ear indications 
of the edge of the nappe. Several overthrusts have been mapped by KING 
in the region between the Gap Tank locality and Tesnus railway station, 
but these seem more related to broken and overthrust anticlines and not to 
a true nappe. 

Since this th rust is seen to override upper-Gaptank (Cisco) beds, it 
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cannotbe older than the Arbuckle phase, but it may be a little younger. 
Recently C. L. BAKER has advised t,he writer that th is same overthrust is in 
evidence at the Solitario Uplift. Here we Eind Ordovician rocks in a nappe, 
which has also been warped and eroded, exposing the autochtonous sub­
stratum in erosional windows. The autochtone consists here of Rough 
Creek-Tesnus. In th is more southern exposure, another very significant fact 
has recently been established, not known before, either at Marathon or .in 
the Ouachita Mountains. At Solitario a highly metamorphic quartzite and 
contorted cherty marbles (resembling somewhat the quartzites of the 
Franklin Mountains and the Millican formation of the Diablo Plateau) , 
have been found in another nappe, overriding the Cambro-Ordovician 
thrustsheet 1). BAKER considers these rocks pre-,Cambrian. The writer points 

to the possibility that these rocks may all or in part be metamorphosed 
Paleozoics. The discovery of this metamorphic interior nappe, is in accor­
dance with what we know from the structure of the southern Appalachians , 
and is additional proof for the great importance of the Marathon Mountain 
chain. 

When discussing the Ouachita Mountains structure (cf. page 47), we 
pointed to the evidence that the Hnal overthrusting of the Ouachita nappes 
was posterior to the Arbuckle phase in that region , and that the final 
paroxysm must have occurred af ter the high lands raised by the Arbuckle 
orogeny had been considerably peneplained , possibly as late as mid-Permian 
time. It will be remembered that we came to the conclusion that the 
Arbuckle ph ase did not affect the Ouachita Mountains. In the Glass Moun ... 
tains , on the contrary, we have conclusive evidence that the Dugout Creek 
overthrust was pre- Wolfcamp, in other words that the thrusting was closely 
related to the Arbuckle phase, though it may have been its concluding stage. 
The oldest rocks exposed below the thrustplane are referred by KING (120, 
45) to the upper-Haymond; they are overlain by the Chaetetes-limestone 
of the basal Gaptank formation. The highest beds in the autochtonous sub­
stratum are upper-Gaptank wit!h Cisco fossils. The youngest beds exposed 
on the nappe, back of the thrustplane, are Haymond. Gaptank, sofar, has 
not been identified on the overriding mass , which contains the complete 
section of the pre-Gaptank Carboniferous andold-Paleozoics , as represented 
in this region. In this the Marathon structure is again similar to the 
Ouachita Mountains, where the youngest formation in the nappe is Atoka. 
The Haymond , however, is probabIy younger than the highest beds included 
in the intra-Ouachita Atoka. Since no oIder beds than uppermost Haymond 
are exposed in the Marathon autochtone, we know nothing of their facies 
and deveIopment, and how far this differs from that on the nappe. It is 
possibIe that a weil , drilled at the southern base of Dugout Mountain, in the 
autochtone, has reached the Dimple, af ter having pierced 1700 feet of bIack 
and grey sandy shales of the Haymond (120, p. 42). At the Solitario the 

1) Communication from C. L. BAKER. 
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autochtone underlying this nappe is upper-Tesnus. Consequently this over­
th rust overrides the entire Pennsylvanian (and probably some uppermost 
Mississippian f1ysch). including beds as high as the Cisco. 

The first precursory movements of the Arbuckle disturbance are indicated 
in highest Haymond time (upper-Strawn.l by a thin layer of chert con­
glomerate. Deposition of coralline Iimestone followed again in the lower 
Gaptank. but anticlines now soon began to rise in the geosyncline. Their 
erosion contributed boulders of Dimple limestone to the Gaptank conglo­
merates of the southern exposures. Here again there is similarity with 
southeastern Oklahoma. In the Ardmore Basin. the Hoxbar also contains 
some conglomerate. pointing to the Arbuckle Mountains as their source 
(99, p. 43) . Although the Oklahoma Ouachita Mountains indicate no 
disturbance at this time. the upper-Strawn (Lower-Hoxbar) Brazos River 
conglomerate of East-Texas suggests activity farther south in these chains. 
The folding must have advanced progressively northward in the Marathon 
region. for it was not until early upper-Gaptank time that the folds had 
risen sufficiently in the extreme northwestern part of the present Marathon 
Basin to contribute any sediments to that area . At this time fragments of 
Caballos and Maravillas chert appear also in these later conglomerates. The 
finer clastics of the Gaptank formation are considered as reworked erosional 
products of the Tesnus and Haymond shales and sandstones by KING . 
During the earlier phases of the disturbance the folding was essentially 
local. creating differentiated basins of deposition in the general geosync1ine. 
as is shown by the variability in character of the Gaptank deposits in 
various parts of the Marathon Basin and. in general. the deformation 
increases in intensity toward the sou th (cf. PH . B. KING. 120. p. 51). 

The bas al Permian Wolfcamp formation extends unconformably over all 
the structures created by the Arbuckle orogeny. At the west end of the 
Glass Mountains. fossiliferous upper-Wolfcamp. with 350- 400 feet of 
coarse basal conglomerate. overlies the nappe of the Dugout Creek over­
thrust. after it had been sufficiently warped and thereafter eroded. to cause 
a window to be created in the pre-Carboniferous rocks of the nappe in 
which the Gaptank autochtone was laid bare . In consequence. the Permian 

now rests indiscriminately on Maravillas. Caballos. and Gaptank rocks 

(120. p. 113). It is here. at a point 4Yz miles S. IS° E of Lenox siding. that 

ammonoids of Cisco age were collected from Gaptank beds . directly beneath 

the Dugout Creek thrustplane . The lower (Uddenites) member of the 

Wolfcamp is not present in this western part of the Glass Mountains. 

Consequently. we can only place the advancing of the Dugout Creek nappe 

somewhere between middle-Cisco and upper-Wolfcamp for th is region. 

The lower-Wolfcamp of the eastern Glass Mountains rests with apparent 

conformity on Gaptank. but KING advices that. at other localities in this 

same region. it rests once on Tesnus and elsewhere on Haymond. with the 

intervening beds missing (120 . p. 49) . As mentioned before . the presence 
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of the nappe and the amount of overthrusting have not yet been determined 
for this eastern region. 

The known minimum displacement of the Dugout Creek th rust is over 
six miles, but , particularly in view ot its presence farther south at Solitario, 
it must have been very considerably greater. 

Somehow connected with the orogenic phase creating these overthrusts, 
seems the recently reported occurrence of exotic blocks in the Haymond . 
Further work will be required before these interesting erratics can be 
properly interpretated. It would be extremely interesting if these blocks 
proved to be true Marathon flysch exotics , similar to those . we have 
described from the flysch of the Ouachita Mountains 1) . 

IV. Permian disturbance . 

A Permian embayment from the T ethys extended inland into western 
Texas, where it divided into two branches , one of which reached to the 
northeast into the Midcontinent beyond Nebraska , and the other penetrated 
in the Rocky Mountain region of New Mexico, Arizona and Utah. The 
Midcontinent extension retreated gradually southward during lower-Per­
mian time ; in the Cordilleran branch, on the other hand, the sea spread 
progressively inland until. in middle- Permian time, it became connected with 
another seaway extending down from the northern Pacific. Toward the 
close of the Permian the North-American continent had become wholly a 
land area , with the exception of only western Texas, where the upper­
Permian Capitan formation was deposited in the last remnant of the 
dwindling embayment. In the north this sea became landlocked and turned 
highly saline in the Great Salt Basin . The edge formation of these 
evaporates is weil exposed in the Glass Mountains and the Sierra Madera, 
as the Vidrio-Gilleam-Tessey dolomites. These are similar to the equivalent 
deposits in the Guàdalupe Mountains of New Mexico. 

I) In December 1930 Ph. B. KING observed a horizon in the Haymond formation, 
conta ining pebbles, cobbles and large boulders of extraneous origin. Later work by 
C. L. BAKER and E . H. SELLARDS tra eed this horizon farther, and blocks were discovered 
up to 100 feet in leng th and 25 feet or more in thickness. The boulders ere from various 
formations older than the Haymond, and include Dimple, Tesnus, Caballos, and smaller 
erraties from the .Marravillas and even from pre -Cambrian sourees (Bureau of Economie 
Geology News Letter, January (931) . A brief paper on these blocks was given by PH. B 
KING, C. L. BAKER and E . H . SELLARDS at the December 1930 meeting of the Geolo­
giea l Society of America. 

SIDNEY POWERS wrote to the writer in March 1931. that the very large blocks are 
all of Novaculite, scattered along an upturned outerop. Pairly large blocks. up to 3 feet 
or more. occur of other formations , together with fine cherty conglomerates. The pre­
Cambrian pebbles are rounded and squeezed . and may not belong to the same stratum as 
the large boulders. Some of the blocks are reported to be "glacially" scratched . In POWER's 
opinion. the strata in whieh these erraties are embedded, do not belong to the Haymond, 
but carry upper-Marble Palls (Bend) fossils, what would make them equivalent to the 
Dimple, or the Ouachlta Atoka. These beds would be included in a nappe or slice, under­
I ying the Dugout Creek overthrust. POWERS believes that the entire deposit is a delta ie 
or beach formation . 
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The movements which we have already mentioned from Wolfcamp to 
Leonard time. are the after-phases of the Arbuckle orogeny. graduaIly 
decreasing in intensity. The sequence in the Glass Mountains shows that 
the Permian sea advanced from the northwest to the southeast up on the 
Marathon land. where movement continued spasmodically during most of 
the Permian. In consequence. the Pennian shows baffling lateral variations 
in facies and also in thickness of the subdivisions. which it is difficult to 
explain by mere variation of conditions of sedimentation; they also inclicate 
sharp differences in the amount of subsidence within the basin in which 
these rocks were laid down . KING gives a stratigraphic diagram along the 
strike of the Glass Mountains range. which clearly illustrates these variations 
(120. fig. 17. p . 52) . Regardless of these differences. the entire exposed 
Permian. from the base of the Hess upwards to weIl in the upper-Permian 
salt series. seems conformabIe in the Glass Mountains. The unconformity 
of the Sin Angelo-Duncan beds. so very widespread farther to the north 
and northeast. and even indicated in the Guadalupe Mountains in the 
northwest . does not seem to be represented by any angular break in the 
Marathon Permian. H. therefor. as MELTON thinks. a major orogeny 
occurred in the Permian . and later than the Garber sandstone. (equivalent 
to the Hess). it has either no equivalent in the Glass Mountains. or it must 
be represented by the basal unconformity of the Hess. what seems rather 
too early. 

Very much later in the Permian. disturbance is. however . in evidence. On 
the northwestern side of the Glass Mountains. there occurs a coarsely 
clastic deposito the Bissett (ormation . which contains heavy conglomerates 
and unconformably overlaps the Capitan beds of the Permian. It overlaps 
over some 1800 f·eet of eroded strata. The conglomerates are associated 
with some red and buff shales. sandstones and a few limestones. WeIl 
rounded pebbles and cobbles comprise all the limestones and dolomites of 
the Capitan sequence. and in the uppermost horizons some chert and 
quartzite of. probably. Word age. B. H . HARL TON identified ostracods as 
Permian; fossil plants have also lately been determined as of late-Permian 
age 1). This formation is overlain by the basal Cretaceous. with an angular 
unconformity. Although the Capitan beds. underlying the Bissett. show no 
indications of actual folding. but only of a regional tilt. the sudden 
appearance of these coarse clastics proves that . at least farther to the south . 
important uplift. if not a more serious orogeny must have taken place. 

Farther toward the north . in the foreland. there exist unconformities at 
the base of the upper . "main" salt series. overlying the basal dolomites of 
the "Big Lime". partly equivalent to the Capitan formation . The uncon­
formity is weIl indicated in the wells of the Big Lake oilfield. in Reagan 
county. In addition. there exist minor unconformities within the salt series 
(114. p. 159). 

1) Communications from E . H . SELLARDS and F . H . LAHEE. 



74 THE PERMO-CARBONIFEROUS OROGENY IN THE SOUTH-CENTRAL U. S. A. 

Subsequent to the Bissett phase, further folding again affects the strata, 
and , at least in the northwestern Glass Mountains, the strongest pre­
Cretaceous warping seems post-Bissett. In nearby areas to the northwest , 
where Trias is present, we have proof that this disturbance is pre-Triassic. 
In th is entire region , however, these late foldings were confined to very 
slight undulating warping and tilting of the strata. Sin ce, generally, even in 
the later Cretaceous and post-Cretaceous phases, the intensity decreases 
away from the mountains , we seem justified to assume stronger orogeny 
farther to the southeast , wh ere no Permian strata have been preserved to 
give any evidence of these movements . (120, p. 88) . 

The importance of the Marathon Mountains as part of a major structural 
feature , is indicated by many signs. 

The wide development of an early-Pennsylvanian, and then again , farther 
out, of an early-Permian foredeep , and the orogenie facies of the deposits, 
filling these troughs; the asymmetrie profile of these foredeeps , and the 
fact that the depression moved progressively outward from the mountain 
front in later-Pennsylvanian and Permian times ; the very great intensity 
and duration of the Arbuckle ph ase, and finally the important flat over­
thrusting of the Ougout Creek and the metamorphic Solitario nappes, -
these all indicate a major orogeny. It is the history of a large and important 
mountain chain. In 1927 SCHUCHERT expressed the opinion (87, p. 389) that 
the Caballos Mountains (the hills of folded and thrusted novaculite outstan­
ding from the Marathon plain) we re only local mountains of a minor order. 

Everything seems to point to the probability that the Marathon-Solitario 
Mountains represent the southwesternmost visible extension of the greater 
Ouachita System. af ter it had swung around the buttress of the Llano­
Burnett massif. 

The foothills. 

In the foreland of the mountains, in the adjacent southern part of the 
Great Salt Basin. folds occur, which , at least to some ex tent, seem to 
represent the open folds of the foothills zone . They are especially pro­
nounced in the Sierra Madera, and have become known in the subsurface 
all over eastern Pecos county. The Sierra Madera was very strongly domed 
bya post-Comanchean orogeny, but there also is evidence of intense folding 
before the Cretaceous. This interpretation is also favored by PH . B. KING, 
after recent work in the field (120, p. 124) . The sub-surface structures in 
Pecos county have an east-west strike and affect the upper-Permian . The 
latest disturbance may be of post-Bissett age. Their strike is conform to the 
presumable trend of the buried Marathon arc in this locality. 

Wells on these structures indieate considerable uplift of the pre-Permian 
formations. The 5200 feet deep well of the Shell Company, on the crest of 
the important subsurface uplift at Fort Stockton, drilled through 4460 feet, 
regarded as Permian, in which the Castile. Capitan , Oelaware Mountain, 
Leonard, Hess and Wolfcamp have been identified. The Permian is under-
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lain by some 140 feet of partly fossiliferous , arkosic Cisco. This rests on 
basement rocks, which are considered a biotite shist by PH. B. KING , presu­
mably pre-Cambrian. Some 100 fe et of detrital materiaI, consisting chiefly 
of red and green shale, with weathered Iimestone fragments, intervene 
between the sedimentary sequence and the basement (120, p . 117 and 
also 58). 

In the region intervening between the Marathon exposures and the LIano­
Burnett Uplift. the saline series , including the basal dolomites, is underlain 
by a very thick series of dark to black shales, with some limestones. 
Apparently, this section fails on the crest of the Fort Stockton structure, 
where it was more probably eroded oH, than that it was never deposited. 

Very deep wells in the Big Lake oil field, in southwestern Reagan county 
provide a good section for the region . Here the upper-Permian salt series 
continues down to a depth of 3500 feet. lts basal dolomite ("Big Lime") , 
here 800 to 900 feet thick, is conformably underlain by the Black Shale 
Series , which has an aggregate thickness of not less than 4500 feet (lH}. 
This rests with a marked angular unconformity on an eroded anticlinal fold 
of pre-Carboniferous rocks : mostly Ordovician . The age of all of the black 
shale deposit is still uncertain . A mid-Pennsylvanian Triticites has been 
identified in samples from a depth between 7689- 7701 fe et (communication 
from B. H . HARL TON') . SID NEY POWERS advised the writer that from 6600 
feet until 7200 feet, the wells drilled into MarbIe Falls (Morrow) strata, 
and then entered the Ordovician . In this case the black shale series might, 
to a considerable extent , be Pottsville, or even Tesnus. Though interesting, 
the problem is not of major importance for our discussion. The essential 
point is, that th ere exists an important foredeep here. The correct deter­
mination of the beds encountered in wells must determine whether the 
greater influence in causing this trough must be adjudicated to the Arbuckle 
or to the Wichita orogenic phase. Evidently, whatever the age of the 
complete series of the black shale formation may prove to be, the Arbuckle 
phase has very strongly aHected this immediate foreland , and caused 
foothills foIds in front of the mountains , as is notably indicated at Fort 
Stockton. It is evident that a great thickness of basal Permian, as weIl as 
Pennsylvanian, is present in the foredeep of the buried Marathon chain, to 
the east of the Marathon Basin outcrops, and that conditions here are very 
similar to the other region, aHected by both the Wichita and Arhuckle 
orogenies, the Ardmore-Anadarko Basins. 

Conditions farther out on the foreland and in the Great Salt Basin will 
be discussed in the next chapter. 

Subsurface data, pointing to the eastern continuation of the Marathon 
chains, the evidence provided by wells, and the connection of the Marathon 
and Ouachita Mountains, will also be descrihed afterwards. 



PALEOZOIC ROCKS WEST, SOUTH AND NORTH OF THE 

MARATHON UPLIFT. 

The Chinati Uplift. 

Farther to the west of Marathon, in the reg ion of Shafter, in Presidio 
county close to the Rio Grande, there occurs a cluster of smaller inliers 
along Cibolo Creek, exposing late~Paleozoic rocks . 
. In 1904 J. A . UODEN published ·a paper on these outcrops (100). The 

area has again been described, af ter further work, and more in accordance 
with recent views on the Permian sequence, by CH. L. BAKER (10, 1929). 

The Chinati Mountains form the southern end of the great Sierra Vieja 
range, that borders the Rio Grande valley in Presidio county. These latter 
mountains are composed of a very thick mass of rhyolitic effusives (lavas, 
tuffs and breccias), with large intrusive masses, which are probably all 
connected with one large buried batholith . The range belongs to the Cor~ 

dilleran system. A large NNW striking faultzone: the Rim Rock fault , 
forms the west scarp of the 'mountains . 

The uplift which causes the several exposures of Permian rocb is related 
to one of these intrusives of syenitic porphyry: the Ojo Bonito massif, of 
post-Trinity age. Against the f1anks of the igneous rests a sequence of 
exposed upper~Paleozoics , overIain by lower Cretaceous, which in turn is 
covered by the rhyolitic lavas, which obscure most of the sediments on 
the west side of the uplift. 

Several exposures of the Paleozoics are found along the Cibolo Creek, 
and another one again farther to the northwest, in an anticline at the 
northern base of the China ti Mountains, along Pinto Canyon . 

All these exposures contain members of the same series, which is confined 
to the sequence of Ilhe lower Permian of the Glass Mountains, with 
the inclusion of the Word 1). The series is devoid of breaks and uncon~ 
formities , although the facies , apparently, changes slightly from north to 
south. The most complete section is the one described by UDDEN, to the 
south of the Ojo Bonito intrusion. The more northerly ones expose only 
the middle members of the sequence. It is interesting that the basal beds, 
probably embracing the Wolfcamp, apparently rest on the pre~Cambrian 
basement, which is also uplifted by the porphyry intrusion. Evidently, we 
are in the Permian foredeep in front of the buried southwestern extension 
of the Marathon~Solitario mountain chains . These must be expected to pass 
farther to the south of the Chinati outcrops . The sediments are evidently 
derived from a southern source. Also the sequence, though devoid of uncon~ 
formities , denotes a gradual grading upward from partly coarse detrital 

I) In the older literature th ~ Alta and Cieneguita beds are erroniously referred to the 
Pennsylvanian. 
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material in the basal portion, to pure limestones at the top. The unconfor­
mity, which in the Glass Mountains underlies the Hess, is not indicated. 

What th is outcrop learns us, therefor, is that detrital marine Permian 
occurs in th is region in an orogenic facies, and that it evidently has its 
source from mountains in the south, subject to erosion after the Arbuckle 
orogenic phase. The Chinati exposures must lie within the early-Permian 
foredeep in front of these chains. The material in the conglomeratic basal 
beds is quartz and felspar, suggesting the nearby and underlying pre­
Cambrian as source, and the pieces of a foreign white limestone and chert, 
may indicate the ranges t<> the south. (UDDEN, loc. cito 100, pp. 13-14) . 
Nothing more of structural interest is revealed. 

Beyond the already mentioned small outcrop at Solitario , 40 miles to the 
southwest of Marathon, where there is a repetition of the folded pre­
Permian Paleozoics of the Marathon Mountains , we know next to nothing 
about any possible exposures of a continuation of the Marathon chains 
farther to the west or south in Mexico . It is by no means improbable that 
uplifts in th is region, crossed by the folds of the Cordillera, should some­
where bring the Paleozoics or older rocks to the surface, and thereby give 
us farther indications of the west- or southwestward extension of the chains. 
We have an indication of this at Boquillas, just beyond the Rio Grande in 
Mexico, in the southern prolongation of the Santiago Range, wh ere a smal! 
exposure of shists has been found by BAKER. It has the appearance of a 
pre-Cambrian or highly metamorphosed rock, as could be expected in the 
more central zones of the Marathon rang.es. According to SIDNEY POWERS, 
it is different from old rocks which have been cored in Kinney county 1). 
We have already mentioned that BAKER has identified presumably pre­
Cambrian metamo~phic rocks on a nappe in the center of the Solitario 
uplift. The rocks in Ouachita facies, which have been encountered in drilling 
in southern Val Verde county, underlying the Cretaceous, are still in doubt 
as to their age 2) . 

Redbeds are reported in certain exposures farther to the southwest in 
Mexico. These may be Permian or Triassic, from intra-mountainous basins 
in a continental facies, like we find them within the central zones of the 
Variscan ' chains of Europe. They mayalso be much older, or they may be 
younger (red lower Cretaceous as occurs in Louisiana ?) . 

At Las Delicias, north of T orreon, in Coahuila, a marine Permian 
sequence of considerable thickness is known , containing sandy beds with 
an ammonoid fauna (W aagenoceras and Perrinites), associated with other 
Word and lower-Permian forms. Naturally, marine Permian may be ex­
pected in this general region, comprised within the Paleozoic Tethys. 

The Cieneguita and Alta horizons (Wolfcamp to Leonard) have also 
been reported far to the southeast from the Sierra Madre near Ciudad 

') Communication from SIDNEY POWERS. 

2) E . H . SELLARDS : News Letter Bur. Econ. Geol~y, January 1931. 
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TABLE VI. 

PERMIAN SEQUENCE OF THE CHINATI UPLIFT 
IN PRESIDIO COUNTY, TEXAS. ~. 

THICK­
NESS 

IN PEET 

650 

DESCRIPTION 

CIBOLO BEDS : 
hard yellow dolomite, cherty limestone, indistinctly 
stratified. 
Fusulina cylindrica, crinoids and other indistinct fossils. 

170 dark, evenly bedded, compact, cherty limestone, containing 
some sandy strata and sandy shale. 
Few fossiIs : ammonoids of Word age. 

85 thinbedded limestones, grading up into sandstones. Sponge 
spicules very frequent. To tJhe northward this member 
dw indles to a persistent bed, not over a foot in thickness, 
of ha rd siliceous Iimestone, composed largely of sponge 
spicules. 

133 

100 

1550 

greyish-white limestones in heavy ledges, south of Ojo 
Bonito intrusion (UDDEN's locality) ; changing to north­
w ard, in upper-CiJbolo basin. to varicolored ohert, with 
only a minor amount of fossiliferous limestone in thin beds. 
Fossils: Waagenoceras, Fusulina elongata, Lyttonia, 
Teguli[era . 

grey marly shale with lenticular ledges of sand. 
This member does not seem to be represented in the facies 
of the northem exposures. 

ALTA BEDS: 
fine grained, yellow, soft sandstone, locally indurated into 
a cream colored, brown or greenish quartzite 

2000 weil bedded, somewhat sandy shales ; only exposed in 
the Cibolo Ranch exposures. 

at least 
1000, 

possibly 
2000 

CIENEGUITA BEDS : 
(not represented in northern exposures) 

dark or almost black, locally cherty shales, altemating 
with heavy lenticular masses of "mortar rocks": (these are 
a conglomeratie mixture of calcareous mud and siliceous 
fragments of variabIe size and degree of wear); 
conglomera tes in a limestone matrix; also contains dark 
fossiliferous limestones. 
The shales predominate. 

CORRELATION 
WITH 

MARATHON 
SEQUENCE 

UPPER­
PERMIAN 

Vidrio-Tessey 
series? 

WORD 

LEONARD? 

HESS 

l'he series rests on granite (UDDEN 100, 1901, p. 13), and and 
contains decayed granite and gneiss boulders at lts base. 
This suggests that the series immediately overlies the WOLFCAMP. 
pre-Cambrian basement, part of which is preserved here 
and lifted up by the Ojo Bonito intrusive. 

FossiIs : Schwagerina occurs from bottorn to top; Teguli­
[era a t least in top of division (BAKER. 10. 1929) . 
UDDEN's fossils have a Pennsylvanian aspect. 
It seems probable the sequence extends to ·the very base of 
the Glass Mountain Permian. (Agreed by J. W. BEEDE). 
There is no trace of the Hess unconfonnity. 
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Victoria , in Tamaulipas, Mexico, where the same foraminifera, the same 
shales and even "mortar beds" are said to occur (BAKER, 10, p. 76). This, 
however is far in the hinterland , or beyond, and has no connection whatever 
with the frontal ranges of the Marathon region. It is interesting to note, 
however , that this lower-Permian is also marine th ere. 

More northern development (see Plate 7). 

In Culberson and Hudspeth counties, therefor more distant than 
the China ti outcrops from the front of the possible western extension of the 
Marathon ranges , Permian rocks are exposed in the great doming of the 
Wiley-, Eagle- and Van Horn Mountains, in the Hueco Mountains, and 
farther to the northeast, in the Guadalupe Mountains . These lat ter form 
the western edge ofthe great Salt Basin and its great development of 
saline upper-Permian. There is only a small amount of detrital material in 
this Permian, and that at its base. It apparently originates from local uplifts 
of the granitic basement, and farther towards the north, it must be 
increasingly derived, from the Ancestral Rocky Mountains. It is not possible 
any long er to detect any influence from a southern source. The Marathon 
Mountains must not have spread their detritus this faro The bulk of the 
sediments are massive marine limestones, denoting the absence of shore 
influence. The lower dark limestone member of the Eagle, Van Horn, 
and Wiley Mountains has a thickness of about 1000 feet or more; it is 
overlain by a thick lighter grey limestone of Word age. This limestone 
series is the upper part of the great development of marine limestones, 
comprised under the name "Hueco"- formation in the Hueco, Sierra Diablo 
and Baylor Mountains. We have here over 4000 feet of lower-Permian and 
Pennsylvanian limestones, which unconformably overlie another massive 
ol der- Paleozoic limestone: the Helms and Lake Valley limestones, which 
comprise Mississippian as weIl as Devonian . These older Paleozoics have 
no relation to the development which we discuss here. They are situated far 
out in the foreland, where, in this western region, open marine conditions 
prevail. It is noteworthy, however, that the great unconformity and break 
hetween the upper-Pennsylvanian and the Mississippian continues to be 
strongly in evidence (118). This indicates again the foreland influence of 
THE WICHITA OROGENIC P'HASE. 

Another considerable unconformity separates the lower-Permian from the 
Pennsylvanian and older rocks in these mountains of West Texas and New 
Mexico. This is apparently the equivalent of the unconformity at the base 
of the Wolfcamp in the Glass Mountains. It indicates the ARBUCKLE 
OROGENIC PHASE, active also in these western chains with a Cordillerian 
trend (Ancestral Rocky Mountains). 

In this marine limestone reg ion we are in the inlet strait, which connects 
the landlocked late-Paleozoic sea of eastern New Mexico, western Texas, 
Oklahoma and Kansas with the open sea to the west and southwest. 

There were two such inIets: an oIder one, coming more from the north-
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west, and bringing forms of a more boreal fauna out of the northern 
Pacific, and a southwesterly one, connecting with the Paleozoic Tethys. 
The latter opened freely into the ocean, the former was already of a 
decidedly more restricted character, all but limited to a brachiopod fauna 
when it reached the Midcontinent. The northern Cordillerian connection 
(Phosphoria seaway) has fauna I affinities with Russia. It spread most 
widely in upper-Hess-Leonard (Phosphoria-Kaibab-San Andres) time, 
when finally, it became connected with the southern seaway. This latter 
extended originally into the interior beyond Nebraska . It gradually retreated 
toward western Texas, leaving a succession of salt basins in Kansas and 
Oklahoma, north of the Panhandle Arch (Amarillo Mo'untains), and some 
evaporites in the eastern shore zone of east-central Texas (pre-Blaine 
salts) . Toward the close of Permian time, the Midcontinent had become 
nearly entirely land. Only in southwestern Texas there still remained a last 
remnant of the seaway from the Tethys, in which the Capitan formation 
was deposited. 

It was this latter inlet which supplied the great Permian Salt Basin of 
West-Texas with the continuous in flow of fresh seawater, necessary to 
replace the water which evaporated and was leaving the immense volume 
of previously dissolved constitutents, as dolomite, anhydrite and salts. It 
entered from the southwest, south of the spur of the Ancestral Rocky 
Mountains. 

This passage was eVidently opened through the deepening foredeep in 
front of the Marathon-Solitario branch of the late-Paleozoic mountain 
system. This is another indication that, contemporaneously with the continued 
deepening of the foreland trough, uplifts in the mountains we re renewed 
in Leonard time, both in the Marathon chains and in the Ancestral Rocky 
Mountain blocks. The two in lets mingled boreal and Tethys fonns in the 
restricted Permian fauna of the inland sea. The southern west-Texas inlet 
brought a large and varied cosmopolitan fauna of ammonoids and fusulinids, 
as weIl as brachiopods and pelycipods. This purely marine facies of the 
Permian and Cisco-Canyon Pennsylvanian is notably represented in the 
Hueco, Guadalupe and Glass Mountains, and again farther west in the 
Permian of the Chinati Mountains. The area between the Apache and 
Glass Mountains, in JeH Oavis county, is unknown, being obscured by the 
great lava outpourings of the Oavis Mountains region. Here probably was 
the main entrance channel. The exposures in the Chinati Mountains of 
Presidio county are also more or less within th is channei. The Guadalupe 
Mountains represent about the northern edge of this southwestern inlet. 

The open marine facies grades farther north and west, through the 
already restricted Gym-limestone facies of the northern Guadalupe and 
Hueco Mountains, into the Chupadera facies of redbeds, dolomite and 
gypsum: the Yeso-Abo redbeds of the San Andres and Sacramento 
Mountains, èrosion products of the Ancestral Rockies. To the eastward it 
grades into the equally restricted facies of the dolomites of the lower part 
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of the "Big Lime" series of the Salt Basin, and still farther east into the 
Blaine and Clear Pork of the share facies. 

In Word and Vidrio time the sea continued to retreat from tbe interior, 
leaving a further succession of younger saline basins, the la,;t of which are 
the Main Salt Basin of West Texas and the Delaware Mountain Basin . 

The extremely intricate problem of the Permian Salt Basin of West­
Texas, Oklahoma and Kansas , and its sedimental sequence, is not discussed 
in details in this treatise. What interests us here is the tectonic aspect of 
this enormous basin, the f!oor of which was gradually being dppressed. 
in its southern extremity, from 8000 to 9000 feet below the sealeveI. as it 
existed at the time that saline deposition began . lts genera! north-south 
major axis indicates a predominant influence of the Cordi11erian prpssure to 
the eastward against Laurentia. In a way, it is a foredeep , associated with 
the upthrust horsts of the Ancestra! Rocky Mountains, which seem in 
reality a great "ph de fond", if not a deepseated basement overthrust 
("charriage à sec") in the sence of ARGAND. The great depth at its southern 
extremity, bordering the Marathon Ranges, marks the influence of the 
Jatter, and proves it also a foredeep of this branch of the late Paleozoic 
orogeny. The particularly deep depression of the Delaware Basin is, 
apparently, caused by the combined superimposed foredeeps of the Ancestral 
Rocky Mountains uplift and of the Marathon chains . As all tectonic featmes 
in this region, th is great basin denotes the combined influence of pressures out 
of the Pacific, directed to the east, and out of the Tethys, to the northward, 
against the wedge shaped southern extremity of the Laurentian Plateau. 

This depression of the great Permian Basin, with its area of some 
390.000 square miles, through becoming landlocked behind the combined 
barriers of the Marathon chains and the swell of the Ancestral Rockies, 
caused the deposition of what may well be the greatest salt deposit, ever 
laid down in geologic history. The area occupied by actual desiccation 
products is not less than 150.000 square mdes, with a variabie thickness, 
which reaches a known maximum of some 4400 feet in eastern Reeves 
county. Several separate depressions , divided by barriers , which may partly 
be structuraI. but to a large ex tent are depositional or algal reefs, can be 
distinguished in the general basin. 

The most prominent depression of this kind is the deep Delaware 
Mountain Basin, in the southwesternmost end of the great basin, just 
opposite the main inlet. in southern Eddy and Lea counties, New Mexico, 
and in eastern Culberson, in Reeves and Loving , and western Winkier 
and Ward counties, Texas. Here the greatest thickness of evaporites is 
known, but there may well be similar amounts deposited in the still entirely 
unexplored centra! area of the Main Salt Basin , south of the Panhandle 
barrier . . 

In Wichita-Albany time the inlet-channel of the basin extended,. 
apparently, from the Hueco Mountains in northeastern El Paso county, 

Verhandel. Afd. Natuurkunde (2e Sectie) DI. XXVII. C 6 
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through H udspeth. Culberson . J eH Davis and Presidio counties . all the 
way to the Glass Mountains. wh ere the marine limestones of the Hess 
formation overlap against the Marathon Mountains. At this time the 
northern inlet was. possibly. also open. 

In this period the sediments of the salt basin consisted chiefly of lime­
stones. gradually becoming more dolomitie northward and also upwards . 
The underlying Wolfcamp formation in the Glass Mountains becomes only 
clastic toward the south. against the mountains. In the reg ion between the 
Glass Mountains and the Llano-Burnett uplift the Hess and the Wolf­
camp are still mainly black shales. In part. this is the very thick black shale 
seq uence. which on the Big Lake structure in Reagan county is still 4500 
feet thick (cf. page 75). The Permian part of these shales turns into the 
Albany limestones farther to the northeast and probably also to the north. 
This shale sequence marks the influence of the mountains to the south on 
sedimentation . It is a foredeep deposit. This trough may be compared to 
the Anadarko-Ardmore Basin in front of the Wichita Mountains. farther to 
the north . aHected by both the Wichita and Arbuckle orogenie phases . 

In the Glass Mountains the main unconformity occurs below the base 
of the still Permian Wolfcamp formation. but the Arbuckle orogeny 
happened in the middle-Cisco; the upper-Cisco is not preserved here. 
having been cut out byerosion and overlap . The corresponding lower­
Permian Cieneguita beds in the Chinati Mountains (1000-2000 feet) are 
also clastic. indicating similar conditions . Here the Permian rests on pre­
Cambrian. and the entire older- Paleozoic sequence was ei th er cut out by 
post-Arbuckle erosion. or was never deposited. 

Only north of the Wichita-Amarillo barrier. ridge (the Panhandle Arch). 
anhydrite and salts were laid down during Wichita-Albany time. as the 
Wellington salt sequence of Kansas: here gypsum began already to form 
50 feet above the Cottonwood limestone. the conventional top of the Penn­
sylvanian. This sequence is non-red in Kansas and Oklahoma. 

In the Clear Fork stage, the inlet channel became gradually more 
restricted: the northern inkt did no long er remain open into Kansas. The 
southern inkt became narrower. The marine, gypsiferous. dolomitic and 
redbed facies of the Chupadera extends to the northern Hueco Mountains. 
and becomes more prominent in the Y eso sediments of all central New 
Mexico. behind a structural barrier. apparently caused by folds in the 
Bonespring Limestone of the Guadalupe Mountains. These folds and the 
narrowing of the channel through uplifts . and the further depression of the 
foredeep of the Marathon Mountains: are parts of a new. very widespread 
orogeny. indieated by unconformities and conglomeratie clastics at the end 
of Clear Fork time (San Angelo phase) . whieh is in evidence both on the east 
and west sides of the Basin . and is . not impossibly. contemporaneous with 
a Iinal overthrusting phase in Ouachita Mountains. At the same time detritus 
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from the Ancestral Rockies increased, causing the more sandy sediments 
of the Glorietta, the western equivalent of the San Angelo-Duncan c1astics, 
that emanate from the Ouachita ranges. In the Glass Mountains the 
equivalent Leonard formation borders the Marathon ranges , and also 
receives c1astic detritus from this source, lo a greater extend than the 
underlying Hess formation. 

The saline facies in the great basin now crossed the Panhandle barrier, 
at least as far south as the arch over the buried Red River chains of the 
Wichita system. We now find a salt series there , reaching a known thick­
ness of some 1500 feet. Wh ether salts were deposited south of the Red' 
River arch is not yet known . 

With the beg inning of the succeeding Double Mountain stage, in Blaine 
time, the Delaware Mountain Basin became a particularly pronounce'd . 
depression. It received its influx through a still more narrow channel. now 
apparently confined to Presidio and Jeff Davis counties . This inlet brought 
an enormous amount of very fine marine sand, depositing 3500 feet of 
Delaware Mountain sandstone, for all we know, strictly confined to this 
basin and the inlet channel. We again find th is sand in the upper-Alta 
beds of the Chinati Mountains (1500 feet) ; the Word formation in the 
Glass Mountains is also finely sandy. Not impossibly, the fine Delaware sand 
came from bared pre-Cambrian crystallines farther to the southwest, the 
presence of which is indicated in numerous localities , notably in the Chinati 
Mountains. The enormous quantity of this extremely fine sand, so fine that 
the beds often look like shales, marks the importance and volume of the 
current entering the basin through this inlet at the Delaware period. 

In the middle part of this stage great depositional reefs formed , prac­
tically encircling the Delaware Basin, which may have reached their 
maximum in Whitehorse time I), The now most conspicuously exposed 
part of these reefs is situated in the Guadalupe Mountains (Capitan Lime­
stone: 1800 feet at Guadalupe Point), the Apache Mountains, and the 
Glass Mountains (Vidrio-Gilliam-Tessey dolomites: 3000 feet). Buried 
parts of this same circle reef are known in Lea , Winkier and Pecos 
counties (also in a thickness of about 1800 feet). In these beds the seaward 
deposits, the reef , and the lagoon sediments can be distinguished. These 
reefs have been compared to the middle-Triassic Schlern, Marmolata and 
Esino dolomite and limestone reefs of the southern Tyrol. 

The incoming seawater overflowed these reefs both to the west and 
northward, depositing beds in a lagoonary facies , gracLing farther into 
evaporites. In addition , the Main Basin seems to have been fed by a channel 
situated between a ridge in western Pecos county, the Fort Stockton-

I) These are not coral reefs , but partly algaI. partly depositional reefs of chemical 
precipitates, as a result of concentration of seawater, and the mixing of bodies of water 
of different density along the course of the currents. 

C6* 
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Yates "high" (apparently a buried uplift in the foreland ), and the ex~ 
tension of the front of the Marathon chain. Less fine sand travelled through 
this channel; evidently the water became c1eared of this sand in the 
Delaware Basin. Dark shales and limestones, with little sand, are deposited 
here. 

A great thickness of marine deposits continued to be laid down during 
th is stage: the "Big Lime" in the M ain Basin; in the Delaware Basin, 
some 1000 feet of Delaware sandstone were still deposited around the 
growing reefs ; later on, dark colored limestones, intercalated with the sand , 
and finally, capping the sand deposit, the Carlsbad Limestone was laid 
down in the Guadalupe Mountains (and similar deposits on top of the 
other buried reefs). This limestone forming sea overflowed the reefs to the 
west and northward, where it deposited beds in Chupadera facies: the 
Seven Rivers Gypsum. To the east, the upper part of the Big Lime grades 
into anhydrite. The total thickness of th is "Big Lime" deposit of the Main 
Basin attains 3000 feet (down to the Pennsylvanian, and includes a few 
hundred feet of uppermost Cisco) . 

In the north, in the Panhandle and in Kansas , redbeds with local lenses 
of rocksalt we re laid down, indicating that th is part of the basin had now 
largely become filled , subsidence had slowed down, and that only local 
and temporary salt pans remained ; the fresh supply of seawater and brines 
became very much restricted, but is still indicated later by occasiona.J wide~ 

spread, but thin layers of dolomite, like the Alibates~Day Creek dolomite 
(cf. p. 85). Possibly, saline deposition was more pronounced in the unex~ 
plored northern portion of the Texas Salt·Basin, just south of the Panhandle 
barrier ridge. 

In the southern province of the Texas Basin, a very active in flux of sea~ 
water persisted during the final part of the Double Mountain period, 
probably more or less equivalent to Cloud Chief time farther east. Here a 
truly enormous volume of anhydrite and salt was deposited: the lower~ and 
upper~Castile formations . The first of these remained probably restricted 
to the Delaware Basin, a break in the series possibly occurring beyond the 
barrier reefs . A break of this kind is indicated in a number of places in the 

shore region to the east , cutting out the Dog Creek formation and even 
parts of the top of the Blaine . 

In the Delaware Basin the salt series of the lower CastiIe consists of 
beds of white, non~potash bearing salt , (aggregating some 600 feet), inter~ 
bedded with great masses of regularly banded anhydrite and a Iittle 
dolomite; this lower Castile series has a total thickness of about 1500 feet. 
The upper Castile develops the main mass of largely pink rocksalt 
of the Main Basin , with only very little anhydrite and dolomite; it contains 
many streaks of potash salt, notably polyhalite, in both the Delaware Basin 
and the Main Basin. 
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In the Delaware Basin the greatest thickness of the upper salt series 
occurs in south-central Lea county : 2400 feet . In the Main Basin the 
greatest thickness might be looked for in the unexplored central portion. 
This upper-Castile salt series must be correlated to the Cloud Chief stage 
of the eastern shore zone, and possible higher zones , not deposited there 
under the apparently unconformable overlap of the Quartermaster redbeds. 
It is only represented farther north by redbeds and gypsum (probably 
deposits from salt lakes), with occasional thin, wide spread dolomite beds 
(Alibates and Day Creek dolomites) , indicating short lived marine influxes. 

The whole basin series finally ends with a moderate thickness of red­
beds: the Quartermaster formation . Only in the extreme southwest, the 
Rustier dolomite indicates a last inroad of flooding seawater. This RustIer 
transgression, which is again overlain by redbeds, extended as far to the 
eastward as Midland county. 

Widespread unconformities are suspected at the base of the RustIer and 
the Quartermaster. This movement may correspond with the uplift , which 
in the Glass Mountains caused the abrasion, yielding the heavy conglo­
merates of the unconformable Bissett formation. 

Apparently, the sinking movement of the great Salt Basin had now 
definitely come to a close, so that actual salt pans were no longer formed. 

This ends the Permian sequence. It is unconformably overlain by Triassic 
redbeds, recognisable by their different red tint and their strongly micaceous 
sandstones. The source is in the Ancestral Rockies. 

Folding is in evidence in the upper Permian strata of the Basin; th is 
buried structure is best known from the Hendricks oilpool in WinkIer 
county. 

These folds seem to be post- Triassic, since the base of the Trias foIIows 
the RustIer dolomite down into the synclines . At other places . however, 
post-Permian but pre-Triassic warping is in evidence. These structures are 
not due to mere compaction . since the axes of the folds do not coincide with 
the nearby underlying reefs. (cf. R. WILLIS, 109, 1929, p. 1040). 

As aresuIt , therefor, of the happenings, here described, we find five 
principal depositional provinces in the great Permian Basin of the Sou th­
west : three basins, and two transition zones between them . The basins and 
barriers are the foIIowing : . 

the northern Wellington Basin of Kansas and OkIahoma; 
the southern Main Basin of West-Texas and eastern New Mexico ; these 

two are separated by the Panhandle Arch (the ridge of the Amarillo 
Mountains) ; 

In the extreme southwest , the trans-Pecos Delaware Mountain Basin 
formed, separated from the Main Basin by the Guadalupe reef harriers . 

In addition, there are minor basins and sinks , and dividing barriers , in­
fIuencing the facies, and notably the distribution and character of the salt 
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(potash salts) . A quite possible, individual, larger basin , between the 
Panhandle Arch and the Red River ridges is still unexplored. 

The developments , here briefly reviewed, have been condensed in the 
adjoined Tables VIl a., b. and C., as an attempt to give as clear a picture as 
possible of these complicated sedimentary cycles and the earthmovements 
which controlled them . The contemporary strata are particularly difficult 
to correlate, on account of the many radical changes in facies and the lack 
of characteristics in these evaporites. 

The table also contains references to the authors , several of whom we re 
the writer 's collaborators , who have published papers on the subject here 
discussed (7, 11, 15, 19, 22,26,33,36,71, 109). 

This table may not prove correct in every detail , but the general picture 
is certainly exact; it is anyhow sufficient for the tectonic purpose of this 
treatise. 



THE BURIED PORTIONS OF THE OUACHIT A SYSTEM. 

On!y recently subsurface information has come forward. which permits 
to trace the buried portion of the Ouachita chains. at least the farther 
continuation of their outer front. with considerable ceititude throuqhout 
eastern Texas. This is due to the sections revealed in hundreds of wells 
drilled all over this region. The American petroleum companies deserve 
the greatest credit. not only for the scientific manner in which these wells 
have been drilled and supervised. but particularly for the open~mindedness 

in which the results and the conclusions of the geologic staffs have been 
made Pllblic property. This has not only been of value to science. but has 
also proven to be profitabIe on account of the practical results of this 
practice. as compared to secrecy and concealment. 

Our present knowledge has been much fostered by the painstaking work 
of E. H. SELLARDS 1). M. G. CHENEY (27.28 . 1929). SIDNEY POWERS (83. 
1929) and R. H . DOTT (38. 1927) . not to mention so many others . who 
have assembIed and coordinated all these data into a picture. which now 
permits us to connect the visible Ouachita Mountains . through all centra! 
Texas. with the outcrops in the southwest. 

The central portions of the chains. to the south of the frontal outcrops . 
as weil as the eastern continuation of the mountains in the direction of the 
Mississippi River. remain very obscure. So the exact Iocation and nature 
of the connection with the Appalachians of Alabama remains entirely 
conjectural. However. the writer fully agrees with H . D . MISER (77) and 
R. C. MOORE. who consider th is connection most probable. 

The connection with the Appalachians is not simpIe. These mountains 
are no mere eastern continuation of the Ouachita ranges. The Appalachians 
present the Wichita. and not the Ouachita facies of sediments in the entire 
Ordovician. Silurian. Devonian and Mississippian sequence! So it remains 
a possibility that the Wichita chains. rather than the Ouachitas. connect 
with the Appalachians. or - still more probable - that somewhere in the 
Mississippi Embayment the two branches come together and lInite in the 
Appalachian system. (cf. page 117 and footnote on p. 107) 2) . 

1) E. H . SELLARDS is preparing a Handbook of the Stratigraphy of Texas; in whlch 
many of these data are being assem bied ; an advance notice regarding this reg ion 
was glven at the meeting of the Geological Society of America in December 1930. Prom 
the available abstract of this paper. and a map which SELLARDS has kindly sent the writer. 
It is evident that this author has been thinking along very similar Iines as are put forward 
in this treatise . 

2) SIDNEY POWERS drew the attention of the writer to geophysical evidence. suggesting 
that the Appalachians continue in the subsurface towards New Orleans. rat her than 
towards southern Arkansas. Of course. such evidence is far from conclusive. unless the 
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We have mentioned already, that Ouachita Paleozoics have been reached 
by the drill up to 40 miles to the southeast of the outcrops, near Fordyce 
and Rison in Arkansas, and farther south of the Red River, in Grayson, 
Fannin, Lamar and Red River counties, Texas. In the southeastern corner 
of the State of Arkansas , two wells, south and west of Lake Village 
on the Mississippi River, have reached syenite and peridotite at a depth 
of about 3000 feet , underlying a moderate thickness of Cretaceous. The 
writer does not know whether any proof exists that these igneous rocks 
are Paleozoic , as represented on the cross section, accompanying the recent 
geologic map of Arkansas (20). Possibly, they are Cretaceous, like the 
(diamond-bearing) peridotite plugs of Pike county, and the syenite rocks 
near Little Rock, Benton, and M agnet, a t the southeastern edge of the 
outcropping Ouachita Mountains in the same State. 

Recently, several wells on the Preston anticline (along the Red River in 
Grayson and Fannin counties, Texas) have proven that Ordovician rocks, 
in Ouachita facies, directly underlie the Cretaceous 1). This is the south­
westernmost point where the Ouachita Mountains have been traced in the 
subsurface (before we reach the east-Texas wells in Oallas and Ellis coun­
ties ; page 100) . This is 50 miles from the outcrops in Oklahoma and 
38 miles to the SSW of the Hansen weIl. mentioned on page 38. 

The conclusions outlined here as to the buried elements of the Ouarhita 
system are very largely the result of an analysis of the geologic history of 
late- Paieozoic sedimentation in this region. The mountains th'emselves are 
buried and have scarcely been reached by the drilling . We can recon­
struct their nature and their course, and the phases of the orogeny which 
built them , from the effects on sedimentation and the paleo-geography of 
the region . These problems, in particular, have been the subject of the 
authors cited. CH ENEY gives us a valuable map and cross sections of the 
subsurface in central Texas (22. Plate VII) . This map is here reproduced , 
as our Plate 8, with the kind permission of the University of Texas and 
of the author. 

The lower-Pennsylvanian forede ep of East-Texas. 

CHENEY's ma ps (also those contained in 27) are the first to bring c1early 
forward the distinct , mostly buried foredeep, which develops in the lower­
Pennsylvanian in central Texas, which is an exact replica of the foredeep 

survey has been most thorough and detailed. What a gravitational survey would most 
readily Indicate, would be the presence of either positive or negative masses, blocks 
alined in this trend. This more or less southwest strike would be expected to prevail in 
much of the hinterland of the Ouachita Mountains, and be a favored direction, in 
which horsts and basins in the Paleozoic or older basement of the Gulf Coast would 
aline; igneous intrusions would be expected to follow (his same trend . All these features. 
that would express themselves as geophysical trends on the gravitational map, are 
probably utterly independent from the strike of the Paleozoic folds . We will revert to this 
later, when discussing the subsurface of the Gulf Coast Plain. 

1) See footnote on page 38 . 
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in the Oklahoma and Arkansas Coal Basin, along the northern front of 
the Ouachita Mountains. Other similar maps, also including the Appala­
chian reg ion, have since been published by A . I. LEVORSEN (118). 

Most of the area in which the Texas foredeep is situated, is already 
obscured underneath the Cretaceous. Happily, th is is oil territory, and ex­
plored by very many borings. This fails us in the Mississippi Embayment. 

For a proper understanding of the writer's own conclusions, we may 
again briefly review the Carboniferous and Permian history of the reg ion 
comprising central-Texas, Oklahoma and part of Kansas . 

A short reference table is here inserted, for the benefit of the reader, 
who may not be familiar with the many formations and subdivisions of the 
Carboniferous which have to be mentioned . (Table VIII). 

The Carboniferous period set in with the deposition of the Chattanooga 
shale, a quiet but extremely wide-spread marine transgression, extending 
from the Appalachian reg ion weIl across Oklahoma and Kansas . The 
regularity of this great but th in overlap, and the remarkable absence of 
any coarse material postula te an almost perfect base levelling of the entire 
interior of the Midcontinent . Only a few isolated monadnocks protrudeci 
from this perfect peneplain . The most conspicuous of these occurred in the 
Nemaha Ridge of Kansas . The Chattanooga overlaps beds from Cambrian 
to Devonian : these latter formations we re deposited over the entire Plateau, 
but are represented in particulary great thickness in the geosynclinal trough, 
from which the Wichita Mountain system was later to be raised . 

The uneventful character of the earlier Mississippian, in which warping 
was singulary absent, came soon to an end. Conditions cuntinued to 
remain exceedingly quiet over the Plateau, but, probably already early in 
the Mississippian, certain movements occurred oH its southern edge, in a 
reg ion now underlying the Gulf Coast Plain and the Gulf of Mexico. 
This initial phase is marked by the erosional unconformity and considerable 
stratigraphic break, overlying the Arkansas Novaculite in the Ouachita 
Mountains, and the CabaIlos Novaculite in the Marathon region, and the 
apparent absence of all mlddIe and lower Mississippian, except, possibly, 
in a chert facies , in the geosyncline. This movement marks the birth of the 
Ouachita system, sometime in the Mississippian . 

Towards the end of the Mississippian, the Midcontinent Plateau, which 
had been receiving an almost complete covering of MisSlssippian sediment:!, 
predominantly limestones, bulged into a broad arch, emerged, and became 
subject to erosion. This arch extended from New Mexico, toward the 
north-east into Minnesota , and the pre-Cambrian shield of Canada. Along 
this arching, uppermost Mississippian and lower Pennsylvanian erosion 
bared the pre-Cambrian on the back of the axis; farther away, both 
east and west, progressively younger formations were preserved. This great 
unconformity and erosional break mark one of the most conspicuous events 
in the geologie history of the N orth-American continent (cf. A . I. LEVOR-
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N-CENTRAL 
TEXAS 

CIsco. 
Putnam 
Moran 
Pu~bIo 

Harpersville 

Thrifty 
Graham 

CANYON. 
Caddo Creek 
Brad 
Graford 

STRAWN. 

MIneral Wells 
group 

Brazos Rlver cg!. 

Mingus sh. ---

Millsap fm. 

~ 

BEND. 
Smithwlck 

Marbie Palls 

MISSISSIPPIAN . 

(Break) 

Barnett fm . 

Break 7 

Lampasas cherts 

I 

TABLE VIII. 

SOUTHERN OKLAHOMA 
CENTRAL REGION I EASTERN REGION 

Pontotoc cg!. Absent 

I Ada fm . Pawhuska fm . 
Br~ak 

Vamoosa fm . Nelagoney fm. 

/'- /'. /'. 

Bell~ City Is . 

Prancis fm . 

Hoxbar fm. 

SeminoIe cg!. 

Holdenville fm . 
Wewoka ss. 
Wetumka sh. 
Calvin ss. 

Deese fm . 
Senora fm . 
Stuart sh. 
Thurman ss. 
~ 

Boggy fm. 
Savanna ss. 
~ 

Dornick HUis fm . McAlester fm . 
Hartshorne ss . 
Atoka fm . 

~ 

Wapanucka lm. 
Springer fm. 

~i% 
Jackfork ss. ..c 

~ Caney u ., 

j Arhuckle 

;>-
<::Cl 

Stanley sh. ! 
.:.a 

~ Caney 
u 

'" " 0 0 El 
." .. 
~ 

/'- /'. /'. /'./'- ./'. 

Break 

Absent 

Sycamore lm. 

Upper part of 
Wood ford chert Arkansas Novaculite 

(Talihina) chert ? 

SOUTHEAST-KANSAS 

Wabaunsee group 

Shawnee group 

Douglas group 

ARBUCKLE OROGENY 

Lansing group 

Kansas City group 

Marmaton group 

Port Scott lm. 

Cherokee group 

Absent 

Upper Phase of 
WICHIT A OROGENY 

Absent 

Absent 

Lower Phase of .. 
WICHIT A OROGENY 
Pitkin 

~ Chester Payetville 
Batesville 

(Break) 
Boone (Osage) 

ChattanoogB 
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SEN, 118) . It is contemporaneous with the sinking in the flysch geosyncline 
in the Ouachita -,Marathon mountain system, and similar movements in 
the Appalachian trough and in the western Rocky Mountain region. It 
coincides, therefor, with the WICHITA OROGENIC P'HASE, and emphasizes 
the tremendous importance of this world-wide diastrophism , not only for 
Eurasia , but also for North America . 

Late in the Mississippian , after Chester (post-Pitkin) time, the principal 
phases of this orogeny set in. In the hinterland of southern Alabama, and 
of the present Ouachita and Marathon Mountains, an important elevated 
range came into existence. The eros ion of these highlands yielded up to 
20.000 feet of flysch sediments , filling a very wide geosynclinal area, in 
front of these ancestral Ouachitas 1). The enormous mass of this orogenic 
material proves the importance of this initial phase. These shales, arkosic 
sandstones, graywackes and grits must, clearly, be derived, not merely 
from " highlands", but from actively rising important mountain ranges, 
consisting in a large measure of igneous and metamorphic rocks . It is not 
necessary that these ancestral chains we re severely folded; it may have 
been a great elevated block, but, evidently, these masses we re later thrust 
in a system of nappes over the original flysch geosyncline, and the folded 
chains, which had risen therein. In the southern Appalachians, this in 
evidence, and recently this fact has been ascertained by BAKER for the 
Solitario uplift. It is greatly developed in the Variscan chains of central 
Europe. 

The flysch is confined to a geosyncline on the southeastern rim of the 
ancient Laurentian Plateau. We do not find a similar great development of 
orogenic latest Mississippian in the Appalachians 2) ; it is entirely absent 

1) This does not mean that the Ouachita system contrlbuted all, and the arched conti­
nental Plateau nothing of the ftysch material. The erosion of the continental landmass 
must also have yielded finegrained detritus, which mixed with the coarser outwash of the 
rising mountains on its edge. For each formation, thls in8uence of the Plateau must be 
greatest in the interior zones. farthest away from the bordering ranges. The orogenic 
mountain-derived material. however, constitutes by far the predominant bulk of the 
late-Mississippian and early Pottsville 8ysch. In the foreland , north of the Variscan chains 
of Europe, we find the same condition, and a marked admixture of material, evidently 
derlved from the simultaneously buiging Baltic Shield. The entire mechanism is almost 
identical. 

2) In Alabama we still have the same development as in the Ouachita Mountains 
(Parkwood formation), but in eastern Kentucky and Ohio, we do not find any of this 
post-Chester latest Mississippian. though the Chester shows evidence of some thickening 
toward the Appalachians. Only very much farther in the northeast, in a Mississippian basin 
in West-Virginia, Pennsylvania and New-York, we find again a more Important development 
of mostly clastic sediment, which reaches a maximum thickness of some 5000 feet, and 
thins away to the north, west, and south . In the mountains, which lie to east of these 
deposits, the relations have become very much obscured by compression and thrusting over 
each other of rocks, originally deposited in other, more distant regions. 

This sequence is composed of a more clastic and coal hearing lower division, the Pocono 
series, which reaches a thickness of 2000 feet , and a red shaly upper division, the Mauch 
Chunk, a sub-aerial 800d plain deposit, attaining a maximum thickness of 3000 feet in 
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in the intra-continental Wichita system (the flysch in the Ardmore Basin 
embayment. the Springer-Caney sequence. is detritus from the Ouachita 
Mountains) . 

In the last stage of the flysch period. the sea which had been drawn 
almost entirely into the geosyneline. began to spread again over the fore­
land. The lower-Pennsylvanian Morrow sea . now depositing finegrained 
shales and Iimestone (Wapanucka). transgressed considerably farther than 
the extent of the flysch geosyneline. The Hunton Arch and all the southern 
part of the Ozark massif were submerg·ed . This flooding of ~he edge of 
the foreland coincides with the beginning of the second phase of the 
Wichita orogenic cyele. at the end of Wapanucka time. New chains were 
now rising in the buIging geosyneline. These oscillatory migrations of the 
shoreline of the Plateau were elearly connected with orog'enic phases. 
affecting the geosynelinal reg ion beyond. 

The early Pennsylvanian. following the Morrow. is characterized by the 
formation of a new foredeep trough. farther out on the Plateau. weil in 
front of the original flysch geosyneline. It is filled by a new mass of elastic 
detritus. derived trom a new souree . In analogy with the Alps. we have 
called this orogenic Pennsylvanian the Ouachita molasse. Arkosic material 
now decreases and is being progressively replaced by cherts. Evidently the 
highlands of crystalline rocks we re losing their importance. and new ranges 
we re rising and became subject to erosion. composed of cherty old-Paleo­
zoics of the Ouachita facies. That the flysch sediments themselves were 
involved in this folding is proven at Marathon. The procedure was now 
repeated. that the sea retreated into rthe new trough and the foreland became 
emerged to a greater ex tent than in Morrow time. In Oklahoma. the Mor­
row, sea . though following the trend of the Ouachitas. and elearly confined 
to the foredeep of the chains . extended from northern Adair. through 
Creek and Cleveland counties. crossing the Red River into Texas in Cotton 
county. In Atoka time. the sea retreated to the southern line of Adair 
county. through H ughes. eastern Pontotoc and Marshall counties. Ieaving 

the southern anthracite fields. In West Vlrginia the two divislons are separated by the 
Greenbrier limestone. 

Evidently. this deposit is of a far minor importanee than the enormous mass of 17000 
to 20000 ft. of late-Mississippian Ouachita Hysch . It is also a much earlier Mississippian. Only 
the Mauch Chunk and Greenbrier are uppe,r Mississippian. but not younger than Chester ; 
the Poco no comprises middle and lower Mississippian . J. J. STEVENSON even regards the 
10wer part of the Pocono as Devonlan. 

The source of these sediments is connected with the major orogenic phase. which the 
Appalachian system shows in New England. and notably farther to the northeast. in Canada. 
This disturbance caused the deposition of heavy conglomerates over the upturned and tran­
cated edges of Devonian and Silurian strata (Acadian orogenic phase). 

It is possible that the break overlylng the Novaculites In the Ouachita system marks 
some reverberation of this orogeny In more southern regions. It is more probable. how­
ever. that the Acadian orogeny had no effect whatever on the southern edge of the Plateau. 
and that the unconformlty on the top of the Novaculite only marks the beg inning of the 
disturbance. which caused the deposition of the uppermost-Mi5Sissippian Ouachita Hysch. 
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both the Ozark region and the Hunton Arch emerged. The latter also 
markedly contributed to the sediments. In Hartshorne-McAlester-Winslow 
time, the transgression of the geosynclinal sea on the Plateau was again 
repeated: the sediments progressively overlapping northward and westward, 
but this time the Hunton Arch was not submerged . In this period posterior 
movements of the Wichita phase continued to warp the strata into foothills 
folds; thus the Atoka formation is offlapped by the McAlester, and the 
Jatter again by the Savanna sandstone. Uplift is again repeated previous to 
Thurman time, but the foothills folding had come to end in Boggy time. The 
outward migration of the molasse sea became particularly marked in 
Cherokee and Marmaton time, in the upper part of the Strawn period, until 
a thorough change came by the great event of the Arbuckle orogeny in the 
Wichita system, the precursory movements of which started already in 
Canyon time in the Red River chains . The paleogeography of th is period 
has been analysed by R. H . DOTT 38. 

The dril! has revealed the existence of an entirely similar molasse fore ­
de ep in east-central T exas. 

In this province of the Plateau, south of the Wichita geosyncline, 
conditions demonstrate entirely similar oscillations of the shorelines and 
identical sediments, as we described for the northern region in Oklahoma. 

We saw that the Morrow shows a comparatively wide spread north of 
the Red River. In Texas the shoreline runs through Childress, Cottle. 
Motley, Crosbie , Garza , Borden, Howard, Midland , Ector , and Andrews 
counties, into Eddy county , New Mexico. 

Even as in the north, the spread of the Strawn in Texas is very much 
more restricted: these sediments are also drawn more distinctly into the 
now intensified foredeep in the east , and are confined to a far narrower 
trough. The outer western edge of the Strawn age sediments runs through 
Pontotoc, Garvin, Comanche, Cotton counties, OkJahoma, (through the 
Anadarko deep); in Texas the shoreline travers es Clay, Wichita, Wil­
barg er, Poard, King , Stonewall, Jones, Callahan, Brown, San Saba , Llano 
and Blanco counties , along the northeastern side of the Concho Arch . 
Equivalents of the Cherokee and Marmaton formations spread farther than 
the lower divisions of the Strawn, and have been identified in northwest 
Texas, as weil as in north and west Oklahoma. 

In Texas, the Strawn formation increases in thickness from about 1000 
feet in western Throckmorton county, to 3500 feet in Palo Pinto county, and 
(by interpolation , because the top of the formation is eroded under the basal 
Cretaceous) to 6500 feet in eastern Parker county, and even 8000 feet in 
central Coryell county (27, 28) . This increase is partly due to thickening 
of the upper-Strawn, but in addition. ever lower me mb ers of the Penn­
sylvanian sequence make their appearance to the east (Millsap formation , 
mostly Pottsville) between the Bend and the Strawn. 
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There is practically no Millsap in western Throckmorton county, and 
already over 4000 feet in Parker county. In the deepest part of this Texas 
foredeep no wells have reached the base of the P ennsylvanian, as for in­
stance in Tarrant. Dali as, Johnson and Bosque counties. Here the complete 
thickness of the great molasse deposit can only be estimated. 

All this is, therefor, exactly the same evolution as in the better known 
[oredeep of southeastern Oklahoma. 

The presence of an open fold zone is also indicated in T exas: rather 
sharp folds with NE-SW axes are noted in the Brazos and Colorado River 
valleys. These affect strata nearly as late as the close of Strawn time. 

The Millsap and Strawn do not only thicken to the east, but indicate 
an eastern source of the secliments through their physical development. 
The lower Strawn is still arkosic. as are the early Pennsylvanian beds of 
the Oklahoma Coal Basin , but the felspars become ever less frequent after 
the Mississippian , and a new materiaI. chert, comes progressively in 
evidence. This indicates that the same changes occur in the sou ree region , 
as are indicated for the Ouachita Mountains (27, p. 572). Much chert 
conglomerate in the middle and upper Strawn, becoming coarser to the 
eastward and grading into normal sandstones westward , proves the 
presence of much cherty rock, in other words sediments of the Ouachita 
facies, subject to erosion farther to the east' or southeast. 

On account of the very restricted exposures, largely supplemented by 
weIl logs , the above data concerning the development of the lower Penn­
sylvanian are very much generalized , but we know more than enough to 
rest assured that an entirely typical orogenic foredeep develops here in the 
subsurface, and that this occurs as a progressive overlap of strata from the 
east in a sinking trough in the foreland. 

Parther to the southwest, in the southwestern corner of Texas, still 
another, very similar lower-Pennsylvanian basin is again in evidence , with 
a great thickness of orogenic sediment : the Tesnus-Gaptank Basin, ba red 
in the Marathon and Solitario windows. Here we again encounter lower 
Pennsylvanian , as weIl, probably, as latest Mississippian, in a typical f1ysch 
facies, rapidly thickening to the south and reaching 5000 to 10.000 feet in 
the neighborhood of the Rio Grande, (27 , p . 565). Herethe Tesnus is bared 
in windows of the nappes , exposing the autochtone. This is clearly an 
identical foredeep in front of the Marathon mountains complex. Parther to 
the southwest the trend becomes lost in Mexico, where not unlikely further 
traces await discovery and description . 

In the higher zones of the Strawn formation the parallelism between the 
Oklahoma-Arkansas and Texas developments continu es. 

In the Mineral We lis division of the Texas Strawn the formation 
of local coalseams indicates that in places the surface emerged, and either 
subsidence lessened, or sedimentation balanced the sinking . In Oklahoma 



DEVELOPMENT OF THE STRAWN FORMATION. TAB LEI X. 

REMARKS. 

The Texas Strawn is lar­
gely a wedge shaped mass 
of mostly clastic material. 
Only the western part of 
the upper-Strawn carries 
Iimestones of more conspi­
cuous thickness. 
In the eastern part of the 
area, the eastward thicke­
ning of the Strawn is at 
least 100 ft. to the mile; 
in the central and western 
parts the thickening aver­
ages 25 ft. to the mile or 
less. 

The lower Strawn sand­
stones are arkosic. Con­
glomerates in middle and 
up per Strawn contain in­
creasing quantities of chert 
from an eastern souree. 

There are fragmentary 
evidences of post-Wichitd 
phase crustal movements 
that did not much affect the 
overlying strata 'of Canyon 
and Cisco time. Anticlines 
in Strawn near Locker and 
Regency in the Colorado 
River valley, and on Allen 
Ranch in the Brazos Rive~ 
va.)Jey are much more 
steeply folded and faulted 
than the gently plunging 
warpings in the Canyon 
and Cisco of east-central 
Texas. (84, p. 203). 

(CORRELATIONS AFTER B. H. HARLTON. R. C. MOORE. C. O. DUNBAR). 

TEXAS OKLAHOMA-KANSAS 

BAST -CENTRAL TEXAS 

UPPER DIVISION: 

I 
MINERAL WELLS 

(COALMEASURES) : 

Rather clastic formation. 
containing three thick beds 
of rather coarse, pebbly 
sandstone, still somewhat 
arkosic, separated by c1ays 
and thin inconspicuous Ii­
mestones; locally important 
coal seams. 

BRAZOS RIVER SAND­
STONE, with conspieuous 
chert conglomerate in lower 
portion. (25-50 feet.) 

MING US SHALE (250-
300 f.t.) with Thurber Coal 
at base. 

LOWER DIVISION : 
MILLSAP. 

Mostly dark blue and black 
c1ays, with a series ot 
irregular lenticular lime­
stones and several thin 
light colored and friable 
sandstones. 

The formation increases 
rapidly in thickness to the 
east : west of Palo Pinto 
county line the formation 
thins abruptly. 

The maximum total thick­
ness of the Strawn reaches 
8000 ft. in Coryell county . 

ARDMORE AND RED 
RIVER BASINS 

Lower part of 

HOXBAR 
FORMATION : 

Chiefly shales, including 
much brownish, yellow and 
reddish beds, as weil as 
bluish shale. A few limes­
tone conglomerates. 
The Ouachita Mts have 
ceased to yield much mate­
rial to the sediments. 

DEESE FORMATION: 
(6000- 7000 ft.) 

Succession of often mas­
sive, crossbedded sandstone 
beds and chert conglome­
rates, sepa rated by bluish, 
tan and red shales. with 
minor and relatively in con­
spicuous limestone mem­
bers. 
Devil' s K itcllen sandstonc 
(100-200) , 800 feet above 
base, grading southeast­
ward, toward the Ouachi­
tas, into coarse chert con­
glomerates, without lime­
stones. 
Souree of sediments predo­
minantly in Ouaohita 

I region. 

I 

DORNICK HILLS 
FORMATION : 

(up to 4000 ft.) 
bluish, tan, and rarer reddish 
and brown shales, with 
limestone ledges, limestone 
conglomerates and beds of 
sandstone. 

SOUTHERN OKLAHOMA 
IN OUACHITA FOREDEEP 

SEMINOLE: Conglomeratc 
of white chert in brown 
matrix, succeeded by brown 
Sandstone. (Canyon 7), 
50- 300 ft. 
HOLDENVIl.LE FORMATlON 
largely shales, wi1lh some 
limestones and sandstones, 
± 200 ft. 

SECTION AT STONEWALL, 
OKLA (T. 2 N, R. 7 E) : 
WEWOKA SANDSTONE: 
partly cherty conglomerate, 
in part arkosic, 550 ft. 

WETUMKA SHALE, with 
few thin sandstones, 800 ft . 

CAL VIN sandstone: 850 ft. 
SENORA FORMATION : 
shales and sandstones: 970ft. 
STUART shale: 1050 ft. 

THURMAN sandstone and 
conglomerates (chertyl : 
1150 ft. 

~ 

BOOGY FORMATlON: 
shales, sandstones and few 
Iimestones: 2250 ft. 

SA V ANNA: sandstones and 
shales, conglomerates, few 
impure limestones: 3550 ft. 
~ 

McAL LEST ER FORMATION: 
coalmeasures: sandstones, 
shales and coalseams; at 
base : 
HARTSHORNE sandstonc 
and coal: total 5050 ft. 

ATOKA FORMATION: shales, 
sandstones and conglome­
rates: 6250 ft. at Stone· 
wall. 

NORTHERN OKLAHOMA 
AND KANSAS 

(PLATEAU REGION) 

Lower part of 
KANSAS CITY 
limestones and 

GROUP : 
shales. 

MARMATON GROUP: 
Iimestones and shales ; at 
base: 

FonT SCOTT 
LIMESTO NE. 

CHEROKEE GROUP: 

In Kansas. the Cherokee 
group is very thin and in 
most localities it is absent. 
Some red and variegated 
shales, with abundant 
plantremains, indicate, whe­
re present, land charac­
ter of much of this period. 
Some limestones mark that I 
the featureless and stable 
plain was ab out at sealevel I 
and became repeatedly 
flooded. The formations 
gradually increase in thick­
ness, and ever lower mem­
bers appearing under over­
lapping higher horizons, 
as we approach the moun­
tain front in the southeast. 

REMARKS 

Period of comparative 
quiescence; sea begins to 
flood the Hunton Arch. 
but ernerged sourhern part 
continues to yield clastic 
sediments. 
Ouachita Mts have ceased 
to yield much erosion 
detritus. 
Ozark region emerged. 

Sinking of Ouachita fore ­
deep ceases and area 
emerges; eastern shoreline 
of Marmaton sea retreats 
westward. 
Ouachita reg ion probably 
rising; active eros ion on 
Hunton Arch, including 
Arbuckle Mts. 
Gherokee sea spreads 
rapidly to N and NW from 
Ouachita foredeep, flooding 
Ozark dome, but leaving 
much of Hunton Arch 
emerged. Rate of denud­
ation in Ouachita Mts 
decreases visibly. 
Posterior movements of 
Wichita orogeny, causing 
foothill folds in Ouachita 
foredeep ; weil developed 
by end of Boggy time. 

Foredeep in front of 
Ouachita Mts flattens in 
McAlester time; sea 
spreads to NW and W , 
particulary in Wichita 
region. Sedimentation con­
tinues very active. 
Deepening of foredeep of 
Ouachita Mts. and retreat 
of Morrow sea into this 
sinking trough. Emergence 
of Hunton Arch and Ozark 
dome. 

r/V~~AA~vv~~~~Vv~~AA~vvvv~~~~vv~~AA~vvvv~~~0Vvv~~~~vvvv~AAÄ",ICHITA OROGENIC 
general unconformity 

The Wichita orogeny brings a different type of sediments. Chert conglomerates, which had been con spi­
cuously lacking, become increasingly frequent from the Colorado River in Texas to the Me AlJester district 
in Oklahoma, and arkosic materia.Js, which were so conspieuous in the Jackfork and Stanley sandstones, 
decrease in importance, until a new supply of felspabhic detritus is created by the mountain chains uplifted 
by the Arouckle orogeny. EV'idenllly, the crystalJine ridges in tbe hinterland of the Ouachitas become elimin­
ated as a souree of sediment, and a new system of mountains has taken bheir place; these largely 
contain red, green and banded cherts. This points to ridges built of rocks Iike those which were afterwards 
thrust to the northwest, and now form in part the present Ouachita nappes. 

PHASE. 
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this happened in the McAllester division, earlier in the sequence and then 
again in the Cherokee formation. It is evident that certain movements in 
the hinterland, which may have been more general uplift than folding, must 
have caused os<:illations, in the yield of coarsely clastic material over a wide 
region ; mere local phenomena may have been caused by del tas. The 
regional character of these events is also indicated by the gradual change 
in mineral constituents after Oeese-Millsap time. As we have already 
mentioned, the lower portion of the Strawn displays a quantity of coarse 
conglomerates from the Colorado river in Central Texas to the Mc Allester 
district in Oklahoma. As we ascend in the sequence, cherts increase in the 
constituents, and felspars diminish in frequency. This, together with the 
outward shifting of the axes of the foredeeps , suggests that uplift and 
erosion continued to spread from the more central crystalline region of the 
hinterland to outer zones , composed of pre-Carboniferous Paleozoics. 
Presumably, the old central highlands had become leveled by th is time, or 
broke down. Evidently, new chains had been progressively elevated by the 
second phase of the Wichita orogeny, yielding the new material. The green, 
red and banded cherts of the upper Strawn conglomerates of the Brazos 
River could only have been derived from the Ouachita facies . All these 
clastic elements become finer away from the mountain front: westward in 
Texas and northward in Oklahoma and Arkansas, indicating without any 
doubt their origin in the Ouachita mountain chains. In the post-Mingus 
part of the Mineral Wells divison, equivalent to the Hoxbar of the Ardmore 
Basin, the dasticity of the sediment decreases. though not so markedly as 
in the Hoxbar and Kansas City formations of Oklahoma. some coarse 
pebbly, very slightly arkosic sandstones still occur, but the much reduced 
thickness and the formation of coal seams suggest more general quiescence. 

The comparative development of the Strawn in Texas and the equivalent 
Marmaton-Cherokee groups of the Pennsylvanian in Oklahoma can best be 
summarized in the following tabulated synopsis. (Table IX). 

In Texas, the Canyon formation seems to mark a very decided slackening 
of orogenic activity in the eastern chains. It is largely a limestone series, 
deposited in clear water, under quiet conditions. At the same time. the 
western shoreline of the sea again moves farther out. In Oklahoma this 
absence of clastic materials is also pronounced. but limestones are but little 
in evidence ; muddy waters continue to lay down deposits of shale in the 
foreland mountains. Farther to the north and northwest. the equivalent 
Kansas City Group of northern Oklahoma and Kansas also consists largely 
of limestones. with intercalated shales. and is devoid of sand. 

We must also bear in mind that ranges of the Wichita complex played 
a part in the molasse deposits of southern Oklahoma and northern Texas . 
In the reg ion now occupied by the Ouachita Mountains. these ranges were 
probably not yet covered by the overthrust Ouachita- facies rocks. which 



TAB LEX. 

DEVELOPMENT OF THE TEXAS AND OKLAHOMA-KANSAS CANYON. 

EAST-CENTRAL TEXAS 

Limestones and shales. subdivided in: 

Caddo Creek fm . 

Brad form ation 

Graford formation 

Palo Pinto lm. 

In contrast with both the Cisco end 
the Strawn. the Texas Canyon is a 
c1ear water deposito largely of Iime­
stone. except in 'the northeastern part 
of the region. in Young. Jack. and 
W ise counties. where sandstones and 
even conglomerates , begin to indicatc 
the initial phases of the Arbuckle 
orogeny in the Red River chains. 
S. Powets describes upper-Canyon 
unconformably overlapping Strawn 
in Wichita and Clay counties. (83 . 
p. 1061.) 

ARDMORE AND RED RIVER BAS INS 

M iddle part of 

HOXBAR FORMATION : 

Zuckermann member: 
(400- 500 ft. above Daube) 
Con91omerate and CaJcareous sand­
stone. ± 450 ft. of shaly beds, 

Daube limestone '-
(400--600 ft . above Anarche Im) 
top of Graford formation (F. B, 
PLUMMER) 
Coal Seam (4 ft . max,) 
± 500 ft . of Sha ly beds. 

Anadarche Limestone: 
(2200 ft. above base of Hoxba r) 
dense Iimestone. with conglomeratc 
at base. pebbles of local souree, 
= Palo Pinto lm (F. B, PLUMMER), 

SOUTHERN OKLAHOMA 
NORTH OP ARBUCKLE MOUNTAINS 

FRANCIS FORMATION : 

Dark blue and black shales. with 

beds of sandstone and thin Iimestones 

(500 ft. in Pontotoc county). 

Absent 

Seminole conglomerate 
(Strawn ?) 

NORTHERN OKLAHOMA 
AND KANSAS 

NE. OKLAHOMA I SE. KANSAS 

NeUy Bly fm . KANSAS CITY 

Hogshooter Im . FORMATION : 

Coffeyville fm.: 

blue to greenish 

homogeneous 
shales. with some 

sandstones in 

upper part. 

Lenapah lm . 

Drum lm. 

Cherryvale sh. 

Winterset Im . 

Galesbury sh. 

Bethany PaUs lm 

Ladore sh. Herta 

lm. 

I Dudley sh. 
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now override the older Wichita-facies autochtone. Here the molasse of 
OkIahorna. Arkansas and northeastern Texas should be expected to be a 
mixture of Wichita and Ouachita detritus. This seems particularly to have 
been in evidence during the lowermost Strawn. but less during upper Strawn 
and Canyon time. Precursory movements of the oncoming Arbuckle orogeny 
reactivated erosion from Wichita elements. During Cisco time. this diHerence 
between the east-Texas and the south-Oklahoma-north-Texas Red River 
province becomes ever more pronounced. 

The adjoining Table X summarizes the development of the Texas­
Oklahoma-Kansas Canyon. 

The Cisco comes increasingly under the influence of the Arbuckle 
orogeny of the Wichita chains in the borderzone between Texas and 
OkIahorna. A great renewal of erosion and the spreading of new detritus 
came with th is phase. This is greatly in contrast with the immediately 
preceding Canyon and lower Cisco. The first conglomerates spreading fr om 
the new mountains raised by this Arbuckle phase (preserved in the Vamoosa 
and Ada formations of Oklahoma. north of the Arbuckle Mountains) we re 
not yet generally arkosic. Erosion. evidently. had not yet completely 
denudated the pre-Cambrian basement. With the Pontotoc and its equiva­
lents. immediately above the Saddle Creek Limestone. arkosic elements 
come suddenly in evidence everywhere in northern Texas and southern 
Oklahoma. 

The uplifting and beginning erosion of chains in the Wichita complex 
is indicated already in the Canyon of Young. Jack and Wise counties. in 
the northeastern part of the Texas area . They continue in Graham time 
(Iowermost Cisco) . and become most pronounced in the Thrifty division . 
Large quantities of sand and conglomerates were washed into a shallow 
sea over Jack and Y oung counties. The Wichita ranges also controlled the 
red color of the upper Cisco and Permian sediments in their surroundings 
(cf. pp. 30 and 49) . Simultaneously with the Arbuckle diastrophism. the 
Ancestral Rocky Mountains in the west must have been strongly raised at 
a time. possibly equivalent to the end of the Texas Canyon. They spread 
their detritus over the west of Oklahoma and northwestern Texas . 

The Arbuckle phase movements. consequently. extended trom about late­
Canyon to middle Cisco time. Their climax can be placed near the end ot 
the Thritty period in Texas. equivalent to the end ot Lansing time in 
Kansas. Most of the Harpersville (Texas) and Douglas (Kansas ) depo­
sition would seem to be posterior to the diastrophism. Probably. the earlier 
phases aHected first the more southern Red River chains. and spread some­
what later to the frontal Criner Hills and Arbuckle ranges. Sedimentation 
in the Ardmore and Waurika Basins seems to confirm this . We have seen 
(p. 66) that at Marathon the disturbance during the equivalent upper-Gap­
tank period. spread progressively northward in a very similar manner. 

Following the Arbuckle orogeny. the sea first withdrew a considerable 

Verhand. Afd. Natuurkunde (2e Sectie) DI. XXVII. 7 
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distance from the folded belt . The connection of the Cisco seas of 
Oklahoma and Texas becomes lost . Later. in the closing stages of the 
Cisco period . transgression of the Pueblo-Moran-Putnam (Texas) = Pon ­
totoc-Shawnee-Wabaunsee (Kansas ) seas reestablishes connection with 
the Texas province. but the Hunton Arch. Arbuckle Mountains and the 
Red River chains remain emerged for a time (38). Absence of beds of this 
age in southeastern Oklahoma does not permit to trace any effects of the 
Arbuckle orogeny in the eastern area controlled by the Ouachita Moun­
tains . The Wichita facies autochtone of these chains should have been 
affected as much as the exposed ranges farther west . 

South of the zone aHected by the Arbuckle orogeny . Cisco d~position in 
Texas continued under the same conditions as in the earlier periods. In 
McCulloch county. the Cisco includes al most as much limestone as shale. 
with only occasional minor sandstones. The dividing line between the 
Pennsylvanian and the Permian (Coleman J unction Limestone) is purely 
paleontologic. not marked by any change in seclimentation . (It is exactly 
the same in northern Oklahoma and Kansas . ) This absence of any signs of 
the Arbuckle orogeny and orogenic facies in the Cisco sediments farther 
south in Texas. is a very strong indication that the buried Ouachita Moun­
ta ins in eastern Texas were not involved in this disturbance: they had no 
Arbuckle phase . 

The upper Pennsylvanian seas spread ever farther westward over the 
Plateau reg ion of Oklahoma and Kansas. which was largely emerged 
during early Strawn time. At the same time the eastern shoreline withdrew 
ever farther from the Ozark and Ouachita regions . The water was gradually 
drawn westward into the Salt Basin of western Kansas. which begins to 
sink at this period 1 ) . 

In western Texas. the depression of the Great Salt Basin also begins to 
develop rapidly at about the same time. The increasing subsidence of the 
western basin . finally reaching a total of 10.000 feet. buried the Red River 
ranges and the Amarillo Mountains beneath Permian sediments. to a thick­
ness exceding 5000 feet in the latter area (cf. pp. 79-86. Tables VII. and 
Plate 7) . 

Tlze orogenie history of the Wichita mountain system ceases herewith . 

The higher Permian beds above the Clear Fork. however. of central 
OkIahoma. as weil as of eastern Texas. indicate a renewed importance of 

1) The west Kansas salt basin is not to be confused with the Salina Basin. This latter 
is a pre-Pennsylvanian depression between the Nemaha Ridge and ' the Barton Arch . About 
1600 feet of pre-Pennsylvanian strata. comprising Ordovician limestone to Mississippian 
inclusive. lie in a broad depresslon In the pre-Cambrian basement. These old-Paleozoics 
were unconformably capped by the upper Strawn-time Marmaton formation. which over­
laps the edges of the eotire pre-Pennsylvanian (truncated by the Wichita orogenic 
phas:!). This tectonic feature seems not related to the Permo-Carboniferous chains on 
the southeastern edge of the Plateau. but an older basin. a minor duplication of the 
Wichita geosyncline (cf. J. S . BARwlcK : A. A. P. G. bull. 1928. pp. 177- 199). 
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the Ouachita province, long af ter the Wichitas had ceased to be a factor 
in sedimentation (A. J. FREIE, 25). The continuous San Angelo-Duncan 
conglomerate and sand deposits, and the sudden appearance of a redbed 
facies over the western basin , give evidence of a renewed westward recession 
of the eastern shorelines, and an accentuation of uplift along the eastern 
margin of the salt basin . The sediments above the Duncan have the same 
eastern origin in the adjacent portion of the Permian basin . Although they 
are very fine grained, they are less so in the eastern outcrops, where they 
consist repeatedly of sand . The source must be somewhere in the south 
and southeast. In the western half of the basin the Ancestral Rockies con­
tribute and indicate simultaneous movements with the San Angelo phase 
(Glorietta sandstone and unconformity in the Guadalupe Mountains). 
There is no evidence that the Wichita system yielded anything to these 
higher Permian deposits. In these upper horizons the source may be less 
a highly elevated area, than a flat shore drained by rivers, which deposited 
reworked older material. These higher shores, however, must be in some 
way connected with the Ouachitas , which must have been somewhat lifted 
at th is time. 

It is very evident from the foregoing discussion, that the upper-Paleozoic 
sediments in this entire area are controlled by the Ouachita Mountains. 
The piedmont bas ins of Texas, which we have described, have been made 
very visible by CHENEY on isopach maps for the lower Pennsylvanian (27, 
pp. 566 and 571 , figures 2 and 3) . The perfect alinement and similarity of 
these basins in Texas and the Oklahoma-Arkansas Coal Basin c1early point 
to a common cause, and outline the general trend of the front of the 
Ouachita chains. These dat~ have been incorporated in our maps, Plates 
1 and 7. 

The here described development of the Texas Pennsylvanian has 
generally been ascribed to the influence of a mere landmass. a "border­
land" : Llanoria, which should extend to the east and southeast. This seems 
insufficient. It does not explain these typically orogenic shifting foredeeps 
and the very rapid deposition of su eh enormous quantities of c1astic 
material. Instead of mere inert high lands, the writer assumes a great chain of 
mountains, consisting of an outer zone of .old-Paleozoics in Ouachita facies , 
succeeded farther back by crystalline , metamorphic and granitic rocks of 
the more central. and presumab1y older ranges, or incorporated ancient 
massifs : the same structure as we Eind in the Variscan chains of Europe. 
The arkosic development of the latest Mississippian and the gradual 
replacement of th is crystalline detritus by cherty material. as we ascend in 
the Pennsylvanian, points to this explanation. The outeropping Ouachita 
Mountains only show the Paleozoic belt, pushed to the northwest. The more 
central metamorphic-crystalline zone is well exposed in the southern Appa­
lachians of Alabama, and has become known from Solitario. The constant 

C7· 
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outward migration of the elevated folded zone points to a major orogeny, 
and not to a mere synclinal trough in front of an inert borderland, that 
only acted as a vise jaw, and a source of sediment. 

The buried mountain front in East~Centrai~Texas. 

The foregoing description of the paleogeography of east~central Texas 
consistently points to the existence of a great mountain chain to the east~ 
ward under the Cretaceous cover of the Gulf Coast Plain . These mountains 
must be in the same facies as the Ouachita Mountains, and have to he 
considered as the southern prolongation of the great loop in southeastern 
Oklahoma and Arkansas, which ahruptly plunges under the Cretaceous. 
We cannot wonder, therefor , that as drilling for petroleum proceeded ever 
farther to the east, wells have actually hit the oider Paieozoics. 

This happened a short distance west of the belt of the Balcones Faults. 
Very recently E . H . SELI.ARDS has assembied these wel1s in a yet unpubli~ 
shed map (cf. p. 88, and the footnote on page 38) . Old rocks, of ten reported 
as metamorphics and pre~Cambrian , were struck in a belt paralleling the fault 
zone to the west, from Fannin and Grayson counties, over Dallas , Ellis, 
Hili, McLennan, Falls , Bell , Williamson, Travis, Hays, Caldwel!. Coma!. 
Kendal!. Beaver, and Medina counties, and finally again in Kinney, Val 
Verde, and TerreIl counties, making a complete loop around the Llano~ 

Burnett massif, and connecting the Ouachita Mountains of Oklahoma, with 
the Marathon Mountains of southwestern Texas. All these wells have hit 
rocks in pronounced Ouachita facies, wholly .distinct from innumerable wells 
scattered to the west and northwest , which reached old~Paleozoics in the 
foreland facies of the Texas~Oklahoma Plateau . 

In several of these wells the rocks have been identified as representing 
certain horizons known in the Ouachita and Marathon Mountain~ . H . D . 
MI SER and M . P . WHITE obtained graptolites from one of the well~ in 
Grayson county, which they identified of a type found in the Stringtown 
shale, the Womble, and in the Normanskil fauna . The collection at Austin 
also contains samples from wel1s in Bell county with graptolites. The rocks 
in a wel1 in Ellis county (red slickensided shale and grey quartzite) , accor~ 
ding to MIS ER, more nearly resembles the Stanley than any other of the 
Ouachita formations . The wells in the southern counties are mostly reported 
as having reached the pre~Cambrian . SELLARDS, however, refers to these as 
altered shales, probably of old~Paieozoic age. The only location, where , in 
his opinion, pre~Cambrian rocks may have been reached , is in CaidweIl 
county, wh ere two wells struck decidedly shistose rock. This could be 
expected, because it is the location farthest back from the front zone. 
The formations encountered under the Cretaceous in southern Val Verde 
county are still in doubt as to their age 1) . 

Whatever may be the detaiied structure of the front , it is evident that 

I) Communications from E . H. SELLARDS. 
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the Ouachita range has been encountered in the subsurface of east-Texas, 
closely associated with the . Balcones fault zone. 

The echelon fractures of the Balcones fault s can be traced in a zone from 
Uvalde county in the southwest. to Bowie county in the northeast, on the 
Arkansas State line. The strike of this zone se ems to foIIow the general 
trend of the buried mountains exactly. Wherever the pre-Cretaceous has 
been reached along th is zone , pre-Carboniferous rocks in Ouachita facies 
have been encountered . 

The basin of early-Pennsylvanian deposition sweeps around the sou th­
eastern side of the Llano-Burnett uplift. Quite certainly, no Strawn was 
ever deposited in parts of Concho and McCuIIoch counties , northwest of 
the uplift. CHENEY points to the existence of a NW -SE striking arch 
(again the possibly pre-Cambrian trend , also in evidence in the Llano rocks) , 
extending northwestward from the uplift . He caIIed this the Concho Divide. 
The Llano massif. evidently, is the culminating southeastern end of this 
arch 1). Farther to the southeast , the importance of th is buttress is shown 
by the sweep of the Balcones faultzone around it, turning to WSW in 
Bexar, Medina and Uvalde counties. 

The Concho axis and the Llano uplift interrupt the regular development 
of the foredeep. 

The lower-Pennsylvanian foredeeps follow a general arcuate strike, 
strongly convex, to the northwest around the great northwestern lobe of the 
Oklahoma Ouachitas. Farther to the south, the strike becomes first con­
cave, around the Llano buttress, and finally turns west and southwest 
toward the Marathon basin . Here another strong convexity to the north is 
indicated , as the chains pass to the SW toward Solitario. This seems a very 
similar loop to the great arc in southeastern Oklahoma. 

The east-west foothills folds in eastern Pecos and western Crockett 
counties, Texas', may be considered as indicating the general strike of the 
mountain front in th is region. Southern Reagan county is still within the 
Pennsylvanian molasse foredeep, since the structure of the Big Lake oil 
field contains lower-Pennsylvanian (Bend, and possibly even Tesnus) , 
directly overlying the old-Paleozoics in foreland facies . A lower Permian 
basin is also indicated here (cf. page 75) . 

An apparent discrepancy is presented by the Ardmore Basin , which has 
now the shape of a narrow WNW-ESE trough, crossing the general trend 
of the Ouachitas at right angles, following the Arbuckle-Wichita strike. 
This, however, is only apparent . The Ouachita molasse-trough must 
originally have formed a somewhat wider embayment here, and also played 
the part of a foredeep along the Wichita front. Here sedimentation was 
thickest of all: 20.000 feet. Thisdeep hole became strongly compressoo in 
Cisco time by the Arbuckle phase, which shoved the basin, into a long and 

I) The Concho arch had little effect upon sediments accumulating later than earliest 
Canyon. 
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narrow, but extremely deep trough , which thereby acquired a NW-SE 
axis: the Ardmore Basin as we now know it. This was only a posterior 
deformation of the originally quite regular plan. 

The Llano uplift interrupts the Texas foredeep in a very similar manner 
as the Arbuckle uplift , but instead of being a folded piece of the foreland 
as the Arbuckles, which were subject to the strong Wichita pressure, the 
Llano massif behaved more as a passive element. 

The uplifting of the Llano massif, later accompanied by some folding 1). 
took place before the deposition of the Strawn, during the post-Bend­
pre-Strawn epoch. The basal Strawn beds rest on an eroded surface of the 
Bend. This is the second phase of the Wichita orogeny. Folding continued 
during the Strawn, as in the foothills folds of the Oklahoma Coal Basin . 

At the end of the Strawn, there is evidence of a renewed slight uplift of 
the massif. so that in the adjacent Colorado River valley the Canyon is 
locally unconformable on the Strawn. The basal limes tones were not depo­
sited, but in their place came conglomerates, washed from a southern 
direction (84, p . 205) . This proves that , also in this area, stresses con­
tinued, originating from the Ouachita front. 

As the foreland basins became ever more depressed under the load of 
molasse sediment, and their base subsided, the basement strata naturally 
became flexed along the outer margin of the trough. The upward side 
remained a low emerged plateau , which was even subject to a moderate 
amount . of denudation at certain periods. This gave these flexures the 
appearance of uplifts; this is especially marked in the Bend Arch of Texas, 
because of the subsequent westward tilting, when at a later time the 
Permian basin of the Great Salt Basin developed. This, however, does not 
seem the only reason why the Ben d Arch was formed exactly at this 
location, (cf. pp . 103- 104) . In the Oklahoma-Arkansas area we have a 
similar feature , the T ahlequah flexure of CHENEY. This, however , was not 
similarly emphasized by posterior tilting of its opposite side, which is her~ 
occupied by an uplift, the ancient massif of the Ozarks. 

S UMMAR Y OF THE O UAC HITA SYSTEM AS A WHOLE. 

The great Ouachita range in its wider sense, and its general foreland 
present the foll'owing picture. 

It is a major orogeny, of which we only know the frontal part. composed 
of late-Mississippian and early Pottsville flysch , and older Paleozoic rocks. 
This front can be traced from central Arkansas , through southeastern Okla­
homa and central Texas, to southwestern Texas. Presumably, the chains 

1) Thls folding was along NE-SW axes. This Carboniferous folding is Dot to be 
eonfused with the aneient, possibly, pre-Cambrian NW-SE trend in the uplifted basement. 
These Carboniferous folds are best seen in western San Saba and southern Me CulIoch 
eounties. (cf. PIste 8) . 
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conneet, east of the Arkansas outcrops , with the southern Appalachians of 
Alabama. 

The central, certainly crystalline ranges are almost entirely unknown ; 
they stay back from the front and have everywhere subsided beyond any 
means of observation. Our only chance to find exposures, indicating their 
nature and structure, would be in the mountains of Chihuahua in Mexico. 
Small exposures at Solitario and at Boquillas suggest th is zone. 

The northernmost loop of the Ouachita front overran the Wichita 
ranges , which we re formed , and practically peneplained before the final 
paroxysm of overthrusting in the Ouachita front. Certain ridges, however, 
must have stood out in relief in ·the autochtone, now overrun by the western 
Ouachitas of Oklahoma, yielding exotic blocks of Wichita facies rocks in 
this overthrust. 

In south-central Texas, the Ouachita front swings around the foreland 
buttress of the Llano-Burnett uplift, a massif of pre-Cambrian rocks , 
showing old , pre-Carboniferous , NW -SE axes , a trend which is maintained 
in tÎ1e Concho Divide farther to the northwestward. 

Prom here the Ouachita front resumes a westerly and finally sou th­
westerly direction through the Marathon ranges, Solitario and, presumably, 
beyond . 

The great northern loop is somewhat astounding , particulary as it 
swings so close to the rigid buttress of the Ozark massif. To the writer , 
th is emphasizes the major importance of the ancient Hunton Arch, as do 
the uplift of the Arbuckles , and the emergence of the Criner Hills . . 

It would appear that the folding and sliding masses of the Ouachitas 
we re dammed back by the Hunton obstacle, and only just to the east of it , 

were able to push past , thereby forming this gl'eat northward lobe. The 
previous upthrust of the considerable competent mass of the Arbuckle 
massif. which antedated the overthrusting of the Ouachitas, would increase 
the buttress effect of the Hunton Arch. 

The Bend Arch and the Llano Uplift follow more or less the same 
alinement to the south , and may form a southerly 'Continuation of the same 
basement feature, or at least of a closely related en echelon duplicate. This 
positive zone would then cross the complex subsurface uplifts in Wilbarger 
and Wichita counties , Texas, and the main granite uplift of the Wichita 
Mountains in Comanche county, OkIahoma, which C. M . BECKER brings 
in relation to an assumed axis of the Nemaha system farther north in 
Oklahoma, which would cross the Anadarko Basin in a northeastern 
direction and extend as far to the north as Township 14 N , Range 9 W, 
to the northwest of EI Reno, Oklahoma. (13, p. 41 ). Anyhow, the relatively 
great uplift and emergence of the Criner Hills indicates the southern 
continuation of the Hunton Arch , beyond the Arbuckle Mountains. The 
shallow . depth at which the old rocks are encountered in the subsudace on 
the Muenster Arch in Cooke county, Texas, (pre-Mississippian at 1450 



104 THE PERMO-CARBONIFERO US OROGENY IN THE SOUTH-CENTRAL U. S. A. 

feet). is an additional suggestion that this positive north-south element 
continues farther to the south (CH ENEY. 28. Plate VII and our Plate 8) . 
CHEN EY's map and his east'-west cross section (Ioc. cit. Plate lIl) through 
Coleman. Brown. Mills . Hamilton . Coryell and McLennan counties. Texas. 
shows a second bulge . notably in the older Carboniferous and the Or do­
vician . paralleling the Bend Arch to the east. more or less in line with the 
Hunton strike. This axis . though indistinct. through much faulting along 
SW -NE Iines. points more directly to the L1ano-Burnett massif than the 
Bend Arch . 

Whatever there may be to a ll this : one thing is evident: the NNE-SSW 
subsurface line of overthrusting . which inarks the buried front of the 
Ouachitas in this region. closely folio U'S the eastern flank of this old axis 
in the basement. and. a short distance farther east. the Balcones Faults 
again follow the same trend. 

We have seen that CH ENEY wishes to repJace thc term "Bend f1exuff~" 
for Bend Arch . since he believes that it was not caused by any uplifting. 
but merely by westward tilting of originally eastward dipping monoclines . 
which we re developed in Strawn time. The writer ad~its that this in­
f1uence of Permian tilting to the westward. towards the depression of the 
Salt Basin. is a factor . but he holds that. nevertheless. the fact that the 
hinge was determined to occur at this particular location . and in th is strike. 
was due to the old grain in the basement and a very ancient positive element. 
similar t~. if not identicaI. with the Hunton Aroh. Another important 
indication for this would appear in the very conspicuous uplift of the 
Llano massif. alQng this sa me feature. where the Concho axis crosses it. 
This important massif. which acted as a sufficiently resistant buttress to 
deflect the entire course of the Ouachita chains. seems clearly to indlcate 
that a much more important primary cause existed in the structure of the 
underlying basement. The Llano uplift was not caused by the pressure of the 
Ouachita chains against the Concho Arch . since it was only very slightly 
deform'ed along Ouachita trends. totally unlike the manner in which the 
Arbuckles were affected by the Wichita push on the Hunton Arch. All 
the Ouachita onslaught may have done to the Llano uplift . is to have 
accentuated. possibly. the elevation. and to have caused some NNE faulting . 
In the same manner the pressures to the NNE. which caused the folding 
of the Wichitas. mayalso have accentuated the buIging of the Concho 
Arch along this same strike. 

In successive phases. we have seen two great push es at work in th is 
region in later Paleozoic times. acting at almost right angles to each other; 
the Wichita pressure to the northeast. and the Ouachita pressure to the 
northwest. The Marathon-Solitario chains. though still folded in a north­
eastern strike. show a somewhat intermediate action. Later. particularly 
in the Permian . and again after the Comanchean (Iower Cretaceous). 
th is crossfolding became more c1early expressed in the Glass Mountains . 
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and the NW -SE folds in WinkIer, Crane , Upton and western Pecos 
counties, extending into southeastern New Mexico. 

These two strikes, in the opinion of the writer, are the components of 
a generally northward creep against the comparatively narrow southern 
end of the old rigid nucleus of the North-American continent. We are here 
at the southern extremity of this somewhat wedge shaped spur. 

The Appalachian chains are the expression of forces pressin.g against the 
si de of the Plateau Erom the southeast. 

On its now much more indistinct western flank, forces are in evidence 
which have pressed to the eastward during almost the entire history of 
thc continent, from pre-Cambrian times to this present date. They have 
thereby 50 much crushed and involved the western margin of the old 
nucleus by later deformations , as to have obliterated distinct traces of 
the old continental border west of the Wasatch Range of Utah. In Utah, 
and, possibly, as far as Nevada , the unconformable overlap of the Pottsville 
is still in evidence, indicating the disturbance by the Wichita orogenic 
phase. 

The repeatedly mentioned two major trends in the old grain are in 
accordance with th is general conception. The predominant old north-south 
asymmetrie ridges in the basement have generally a faultscarp on their 
eastern side, which may weIl be a thrustfault at depth, indicative of 
eastward pressure already active in pre-Carboniferous times. 

We may here summarize again the effects of the Paleozic orogenies on 
the Midcontinent Plateau itself 1) . They run parallel to the much more 
distinct orogenic phases in the bordering geosynclines, as described in the 
foregoing pages. 

OROGENIC PHASES IN THE OKLAHOMA AND KANSAS PLATEAU REGION. 

OLD- PALEOZOIC MOVEMENTS. 

1. Pre-Caledonide unconformable overlap of the upper-Cambrian over 
basement rocks, and a minor later hiatus below the Simpson 
formation (middle-Ordovician : Chazyan) over truncated 
Arbuckle limestone. 

2. Caledonide orogeny? 

In Oklahoma there exist slight unconformities, overlaps and fau­
nal breaks in the Silurian, and notably between Silurian and 
Ordovician. In northeastern Kansas, east of the Nemaha ridge, 
there is a hiatus from the base of the middle-Devonian to the 
middle-Silurian. All this, however, consists in only very gentIe 
warping. 

1) We refer to a recently publishedsynopsls by H. W . Me CLELLAN (117. 1930). 
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LATE~PALEOZO IC MOVEMENTS. 

3. Prec/1rsory "Acadian" phase? 

A gentIe regicnal pre~Mississippian upwarping and tilting is 
in evidence over much of the Midcontinent . in the Ozarks . on 
the Barton Arch . the Nemaha Mountains. the Hunton Arch. and 
in the Arbuckle region. followed by peneplaining of the pre~ 
Mississippian . and subsequent unconformable overlap of the 
Chattanooga. 

4. Wichita phase. 

a. First sub~phase : following the deposition of the Mississippian. 
th ere are indications of post~ Chester warping. very widespread 
regional uplift and doming of the entire Midcontinent . and 
simultaneous creation of a late~ Mississippian-early~ Pottsville 

trough in the south . On the Plateau . this movement was appa~ 
rently confined to mere regional arching . and tilting of the entire 
area to the southeast . towards the f1ysch geosyncline of the 
later Ouachitas. (A strong diastrophism of this age raised the 
central crystalline hinterland of the Ouachita system. to become 
a source of the enormous Ouachita f1ysch deposits) . 

b . Second sub~phase : resulting in distinct north~south lines of 
structure. rejuvenated lines of uplift . caused by faulting in the 
deep basement; the principal of these structures are the Nemaha 
Mountains. the Blackwell. Garber. Cushing .. Oklahoma City. and 

numerous smaller anticlines in Oklahoma and Kansas . The 
Hunton Arch was raised . 

Since most of these are outside the area of Morrow deposition . 
it is impossible to know with certitude whether these movements 

we re exc1usively caused by the second Wichita phase 1). (This 

I) Results of deep wells in the Blackwell and Garber oil fields of Oklllhoma indicate 
a relatively thin section of Arbuckle limestone on top of the pre-Cambrian grani:e. This 
suggests that already in Cambro-Ordovician time these structures stood out as ridges of 
granite. At Oklahoma City we do not yet know the relative thickness of the Arbucke 
limestone. on and off structure. sin ce no wells have sofar reached the granite. but. presu­
mably. conditions are similar in this anticline. which is in every other way identical with the 
other structures in th is region. On the Nemaha ridge the entire older·Paleozoics are 
lacking : it is impossible to prove whether th is is due to pre-Cherokee or pre-Chllttanooga 
eros ion. or through older Paleozoic emergence. The surrounding region. however. suggests 
that the ridge existed already in Ordovician . pre-Simpson time. and was again elevated 
previous to the Mississtppian. The major. present expression of the Nemaha ridge. 
however. was certa inly caused by the Wichita orogenic phase. 

The Barton·Chautauqua Arch is probably a very ancient feature. A few miles south of 
ElIsworth. Kansas the basal. probably Cambrian sand of the sedimentary sequence over 
the granite. is about 1000 feet thick. This must indicate a nearby pre-Canbrian emergence. 
This was probably the Barton Arch. which was certainly in existence in pre-Arbuckle 
limestone time. (117). 
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major diastrophism folded the Ouachita flysch into new ranges , 
to contribute as a souree of the molasse deposits ; the Wichita 
system of mountain chains was created at this time, and also 
contributed to the molasse) . 

5. Arbuckle phase. 

There are no known repercussions of the Arbuckle orogeny on 
the Plateau . outside those in the immediate vicinity of the chains, 
and which must be considered as foothills-structures. (The entire 
Wichita system was reelevated anç! strongly compressed ; the 
Hunton Arch was crumpled and folded into the Arbuckle Moun­
tains ; the Ancestral Rocky Mountains were strongly uplifted; 
the eastern Ouachitas we re not aHected, but the Marathon region 
was severely folded and overthrust by the Arbuckle phase) . 

6. Permian ph ase. 

Slight Permian, pre-Triassic warping is in evidence over much 
of the Plateau , particularly in the reg ion adjoining the Marathon 
extension of the Ouachita system. Jointing and movement along 
fauItlines , radiating from the Ouachita Mountains, is considered 
a reflection of the pressure, which caused the final overthrusting 
of the Ouachita nappes (73) . 

It seems permitted to consider the major Ouachita system, perhaps 
together with the Appalachians 1). as part of the great belt of late-Paleo­
zoic chains, that almost encircles the world; a great southwestern branch . 
passing along and around the southern end of Laurentia. The Ouachitas 
in particular would be an arc. pressing against the southeastern si de of 
this wedge shaped nucleus. 

The Wichita system is only an intra-continental counter-coup of the 
Paleozoic northward creep against the southwestern side of the wedge. 

The main system of the western component is unknown . It probably 
lies hidden in the older basement, so much brok en and overrun by the 
repeated phases of the Cordilleran system. It might be expected to assume 
a more western or northwestern direction. Certain trends in Utah (Uinta 
Mountains) , in Arizona , in the Mohave desert of California, the San 
Bernardino Spur, and even the configuration of the Pacific bottom oH 
Southern California, may be suggestive for research in this direction . 

The Wichita counter-coup only aHected a zone of weakness caused by 

I) The Appalachians. north of the southern development in Alabama, are, possibly, 
only an intra-continental branch , and not a part of the major Ouachita system: The 
maln ranges might pass out to the eastward into the present Atlantic , to the south of the 
piedmont massif of Georgia and Carolina (SCHUCHERT's Appalachia) . This idea, however, 

is a mere suggestion. and still so entirely hypothetical, that it Is not expressed on the 
map of our Plate 1. It is offered only as a subject for further thought and, possibly, 
geophysical research. 
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a pre-existing intra-continental pre-Carboniferous geosyncline, which had 
escaped compression at the time that elsewhere in the world the pre­
Devonian (Caledonide) cycle was active. When the great late-Paleozoic 
northward push buttet against the southwestern extremity of Laurentia , the 
Wichita syncline also gave way and was squeezed into folds and block­
faulted uplifts . It was then partly overrun , afterwards, by the oncoming 
thrustsheets of the far more important Ouachitas, in the later phases of the 
Paleozoic cycle. 

Very shortly after their formation , the central zones of the great chain 
broke down and subsided , as we see it happen almost regularly in all major 
orogenies all over the earth . Only certain, principally frontal. fragments 
remained as horsts . The Ouachitas seem to have broken down more than 
the Appalachian branch , and the latter, also , was more strongly 
rejuvenated by the Cretaceous-Tertiary Alpine cycle, an event in which, 
possibly, the young,er Atlantic played a part. 

The survival of the great mountain front of the Ouachitas in Texas, a~ 
an active, though deeply buried element, in much later structural historv 
of the region, is proven by the striking parallelism of the post-Cretaceous 
Balcones Fault zone, along this same strike, only 10 miles or so to the 
east. This parallelism is maintained from Arkansas to the Mexican border. 
That it should be exactly along th is line that the Cretaceous-Tertiary Gull 
Basin subsided, is extremely suggestive 1 ) . 

1) While this treatise was in the press, SlDNEY POWERS drew the writer's attention 
to a publication of R . RUEDEMANN (New-York State Museum Bulletin 260, 1921), con· 
taining very interesting views, rather concordant with such as are expressed here, on thl:' 
influence of the old grain of pre-Paleozoic America on later structure. Considerable literature 
relating to this subject is cited by the author. 



COMPARISON OF THE OUACHITA SYSTEM WITH THE 

APPALACHIAN MOUNTAIN CHAIN ; CONNECTIONS. 

Although outside of the real subject of th is study. it is of interest to 
compare the great Appalachian chain of the eastern States. which the 
mountains we have discussed before . They are certainly somehow con­
nected under the Mesozoic and Tertiary filling of the Mississippi 
Embayment. 

The Appalachian chain in genera!. 

The physiographic Appalachian range is not identical with the true 
geologie Appalachians. In their northern portion these mountains do not 
belong to the North-American Altaids , but in the Maritime Provinces of 
Canada and in New Foundland , we have a Caledonian chain, in the exact 
prolongation of the strike of the Appalachians in the eastern United States . 
fhe older chain can be traced through the Gulf of St. Lawrence and New 
Brunswick , and strikes out into the Atlantic through New Foundla nd. 
Toward the south it can be traced as far as central eastern Pennsylvania , 
and dies out near the boundary of Maryland . It is an intensily overthrust 
chain, containing great nappes , of the Taconian (Caledonian) orogeny. late 
in the Ordovician . The same area was refolded, along the same strike, by 
the Acadian (Bretonic) disturbance, late in the Devonian , continuing into 
the Mississippian. The true Appalachians, however, emerged out of the 
present Atlantic in central Nova Scotia and the Bay of Fundy. They do not 
fold New Foundland. Here, and in New Brunswick, the Carboniferous 
lies undisturbed on the truncated folds of the Acadian chain. In this 
northern area, only epeirogenic uplift and faulting occurred at the time of 
the Appalachian revolution. The true Appalachian folding crosses the 
southern end of the Caledonian-Acadian chains in New England in a wide 
arc , striking almost E-W in Nova Scotia , and gradually turning to the 
southwest in the Appalachians of Virginia; the actual crossing of the 
Caledonian folds continues as far as southeastern N ew Y ork, where the 
late-Paleozoic mountain front steps clear of its Caledonian predecessor. In 
the northern element the greatest intensity of deformation is nearest the 
Canadian shield, in the southern true Appalachians the close folding and 
overthrusting are in the east, nearest to the borderland (cf. CH. 
SCHUCHERT, 119) . 

In our further discussion we only treat of the late- Paleozoic, true 
. Appalachian Mountain~. 
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General Stratigraphy . 

The Appalachians proper originated in a long geosynclinal trough (1500 
miles over its visible extent). which began to develop already in the lower 
Cambrian. over a previously peneplained older surface. The geosyncline 
spread and deepened. particularly in upper~Cambrian and Ordovician 
time. Although the sea. apparently. never reached great depth. the 
base of the continuously filling trough reached a depression of some 
30.000 feet in individu al basins. 

The Cambro-Ordovician is characterized by a thick siliceous. and 
generally clastic Cambrium. over la in by an enormous development of 
calcareous sediments. with prevailing massive. partly dolomitic limestones. 
These 1atter exceed a thickness of 5000 feet in some of the sections. which 
aggregate 11 .000 feet . To the east . these sediments show the influence of 
near highlands and become ever coarser; this source region is known as 
S CHUC HERT'S " Appalachia and Nova Scotia". 

During the Silurian . Devonian and Mississippian . sedimentation remained 
extremely active in the northern section. but became restricted in the south. 
only aggregating some 2000 to 3000 feet in Alabama. 

In the upper~Carboniferous . extensive thick coalmeasures were deposited 
in a frontal trough of the chain. over the entire length of the Appalachians. 
Deposition continued in the Permian. culminating in a phase of intense 
overthrusting of the entire chain . 

Farther east . in the more central regions of the complex. the sequence 
becomes highly metamorphosed élnd diHicult to unravel. In the vicinity 
of Philadelphia . the still determinable beds have been changed into shists 
and even gneisses; the limestones become highly crystalline. micaceous. and 
are traversed by beds of siliceous or micaceous shists. In eastern Tennessee 
and Carolina . some beds of th is metamorphic series have yielded determin ~ 

able Carboniferous plant remains. as is also the case in Alabama. 
What strikes us here particulary. is that along the entire length of the 

Appalachian front . the geosynclinal sequence is of Wichita~. not Ouachita 
type : the older Paleozoics are largely limestones. not the cherts and 
graptolite shales of the Ouachita f~cies . A great development of late~ 
Mississippian. flysch is also absent. South of West~ Virginia. thick orogenic 
deposits in the frontal zone are confined to the Pennsylvanian and lower 
Permian. The stratigraphy of the metamorphosed zones farther back is not 
clear. The old Paleozoics become clastic to the eastward . 

Orogeny and structure. 

The folding. generally. originated some time in the Carboniferous ; the 
climax of the great overthrusting is Permian. 

The concluding Appalachian diastrophism. which gave the mountains 
their present structure. aHected the earlier Permain. but not the Triassic 
Newark sequence. This major phase aHected the entire frontal zone. The 
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orogenic deposits of the coalmeasures, however, indicate earlier move­
ments, when uplifting aHected zones farther back , and the foreland depres­
sion became filled with the sandy and muddy detritus of their eros ion 
(BAILY WILLIS, 108, 1892) . 

The structural deformation is caused by an intense push to the west 
and northwest against the Laurentian plateau foreland. This resulted in 
long folds , strongly asymmetrie and inverted , broken by remarkably long 
overthrusts , which divide the chain in a number of strangely regular parallel 
slices, thrust upon each other. The controlling stratum in each major over­
thrust of the Valley province is mostly the massive Ordovician limestone. 
In the southern section the overthrusts change in sofar, that they are no 
long er directly connected with inverted folds . This begins in Tennessee 
and Georgia . Here the Cambrian is found to rest over large areas, without 
apparently being disturbed, upon folded and faulted Carboniferous. There 
are indications that peneplaining eros ion had been active on the substratum 
before the thrusting (BAIL EY WILI.IS · "erosion thrusts"). 

A. KEITH described another type of overthrusting in the more eastern 
metamorphic masses of the Blue Ridgc province, in North Carolina , more 
of the type of the Alpine thrustsheets , without relation to any folds , 
except such as were induced in strata in the line of dis placement (60, Roan 
Mountain Folio ; BAIL EY WILLIS: Geologie structures, 1929, p. 105) . 

In Alabama we have a western zone: the Birmingham Valley thrust 
mass, where the upper-Cambrian is represen ted by a great thickness (about 
2000 feet) of rather fossiliferous , thinbedded, finely crystalline Iimestones . 
interbedded with more or less fissile shales (Conasauga Limestone series). 
This sequence is entirely absent on the next great thrustsheet east of the 
Helena fault, where the basal member of the massive dolomite series, the ' 
lower Ordovician Ketona Dolomite, immediately rests on thelower Cam­
brian Rome Shales. In the upper members of the Ordovician, the sequence 
also varies on the two thrustsheets: in the eastern mass some 2000 feet of 
massive Iimestones represent the top of the Ordovician, whilst in the 
Birmingham Valley mass only some 250 feet of argillaceous limestone 
(Chickamauga) take its place . Thus, in the frontal sheet, all the rocks 
of Trenton age (except a few feet of basal Trenton) , and all the rocks 
of Cincinnatian age, except locally a few feet of early Lorraine (Eden) 
age, are absent. On the eastern sheet , on the contrary, the entire Silurian 
system and all of the Devonian, below the Frog Mountain sandstone, are 
absent. (In Ohio, N ew Y ork and Pennsylvania , these beds attain an 
aggregate thickness of 5000 feet ; the thickness , notably that of the 
Devonian , decreases rapidly toward the southwest ) . 

The Conasauga Iimes tone series also varies considerably in facie s from 
one locality to another, sometimes it is more shaly, elsewhere it develops 
massive Iimestones, reaching several hundred feet in thickness (53) . This 
also was probably caused by thrusting, bringing side by side rocks which 
had originally been deposited in more remote regions of the Ordovician sea. 
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F arther to the east of the here described area. still another thrustsheet 
appears : a great thickness of of ten coarsely clastic strata. together with 
some finer grained sediments. the Ocoee-Group of STAFFORD. This 
feature is important for purposes of comparison with the Ouachita moun­
tain system. where similar more central zones must be expected in the 
buried area south of the outcrops, and are in fact indicated by the arko sic 
nature of the fored~p sediments. and small exposures at Solitario and 
Boquillas . 

The Ocoee series is in general much metamorphosed . This increases 
toward the southeast, where the rocks gradually pass into shists and 
gneisses , with granite and other igneous intrusions. These rocks have of ten 
been considered as pre-Cambrian, but it is not proven whether much Prote­
rozoic is included in them . Limestones and shales occur, very similar to 
those in portions of the adjacent Valley province. Through the usual 
absence of fossil evidence, their age is still undetermined, but some Carbo­
niferous plant remains from near Erin . in Clay county, Alabama, prove 
that even strata as high up as the Carboniferous are locally included in 
rocks of the Ocoee complex . Very similar conditions seem to develop to 
the eastward in Pennsylvania. 

The Ocoee nappe of the Sou th is thrust from the southeast over strata 
which consist mostly of Cambrian in the un-metamorphosed Valley-facies. 
In northeastern Tennessee , however. KEITH (60) describes an apparently 
complete conformabIe sequence from Ocoee-type rocks into the fossilife­
rou s C ambrian , the Ocoee underlying some 1000 feet of Shady Limestone 
and 800 feet of Hesse Quartzite (equivalent to the Weisner Quartzite of 
Alabama ) . Whether these metamorphics. similar in type to the Ocoee 
thrustmass, are a lso identical. is another question . Metamorphism and over­
thrusting make it very difficult to disiinguish truly lowermost Cambrian 
and pre-Cambrian from meta morphosed rocks of higher Paleozoic horizons. 
including even the Carboniferous. This holds true for much of the Appa­
lachian hinterland. 

Stratigraphy. 

D evonian . Along the trend of the Appalachians, the Devonian formations 
cxhibit a ver)' marked change. In Maryland their thickness is 7800 to 
10.000 feet (orogenic , in conjunction with the older diastrophism), but the 
series thin ::; toward the south; the lower formations appear only locally or 
not at all in Georgia and Alabama. Lower Mississippian Chattanooga 
shale overlaps uncon{ormably upon older strata, and is reduced to a thick-· 
ness of on)' a few feet . This is the same unconformity th at persists over the 
entire Midcontinent. 

The Mississippian of the Appalachians has a rather changeable facies 
and development. It overlies the Devonian (where represented) uncon­
formably. and is in turn overlain unconformably by the lower Pennsyl-
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vanian. This latter disturbance is the Wichita orogenie phase, with the same 
great break, which characterizes this diastrophism over the entire continent. 

We find the same prevalent development of Iimestone on the foreland , 
which generally characterizes the Mississippian of the Midcontinent Plateau . 
Towards the mountains , the limestones change into shales and the entire 
sequence becomes more arenaceous , the formation thickening at the same 
time. In northern Tennessee, the Bangor grades into shales, and the Mis­
Sissippian becomes almost wholly sandstone and shale in Virginia , incrci.! 
sing very greatly in thickness to the eastward , due to increasing landderived 
detritus . In West Virginia , the ancient embayment of New York and 
Pennsylvania , there are 5000 feet of orogenic Mississippian : 3000 feet of 
largely red shales, Mauoh Chunk formation , underlain by 2000 feet of 
sandstones and conglomerates, Pocono (cf. rhe footnote on page 91). All 
this indicates a supply of terrigenous detritus from more central zones of 
the mountains , where highlands related to the Acadian orogenic phase, 
must have been subject to erosion at this period . The degree to which 
the facies of the Mississippian changes, varies 'Iocally, indicating the forma­
tion of different basins, mountains varying in e1evation, or local deltas. 

The following T able XI gives the development of the Mississippian in 
the southern part of the Appalachians , in the Birmingham Valley of Ala­
bama. Here we note a very different development, [rom that [arther north . 
The fact of major importance is that there appears , above the beds of 
Chester age , a great mass of very poorly fossiliferous, grey shale and 
sandstone, devoid of calcareous beds, a deposit o[ [lysch-type. In the 
southern part of the Birmingham and Shades Valleys, the underlying 
Chester beds, notably the Bangor Iimestone, also change into grey to black 
shales, with a few calca reous members , and beds of sandstone. The post­
Chester Parkwood forma tion does not extend far to the west. It is absent 
along the western side of the Birmingham Valley. The area of the Warrior 
coalfield , west of Birmingham, was above sealevel during all or past of 
Parkwood and early Pottsville time; there is a sharp unconformity between 
the Floyd shale and the Pottsville in that area . Great masses of coarse 
conglomerate in the Pottsville were derived from old-Paleozoics, elevated in 
the region to the east and southeast. 

In this southern part of the Appalachians , therefor, we have conditions 
which begin to resembIe very c10sely those which we have described for 
the Ouachita Mountains; notably, we have this same post-Chester f1ysch, 
conhned to the zone immedia tely adjacent to the mountains, which farther 
on the foreland is represented by a stratigraphic break of increasing impor­
tance. The older Mississippian , on the contrary, begins to disappear, and 
what is left , turns into shales and loses its Iimestone Plateau facies. 

Pennsylvanian. The Pennsylvanian of the Appalachian foreland rests 
unconformably upon slightly warped Mississippian. The lower Pennsyl­
vanian occupies a typical foredeep trough, largely overrun by the over-

Verhand. Afd. Natuurk. (2e Sectie) Dl. XXVII . C8 
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TABLE XI. 

DEVELOPMENT OF THE MISSISSIPPIAN IN THE SOUTHERN APPALACHIANS. 

I 

THICKNESS 
CORRELATION IN FEET DESCRIPTION 

Pottsville Pottsville Coalmeasurel 

up to /VV'VVV"o.VVVVVV unconformity : WICHITA OROGENY 

Post-Chester 2000 feet PBrkwood FormBtion : grey shales and sandstones. no calca-
Mississippian reOU5 beds(8ysch facies) ; fossils are scarce . 

I 60-300 Pennington Shale: grey. green and red shales. some chert. 

some sandstones and a few conglome-

rates ; very fossiliferous . 

Chester 
Bangor Limestone : thickbedded crystalline limestone; a 100-

700 
foot sandstone and shale member in the 

midst (Hartselle Sandstone member) ; 

- - ----- - becomes cherty in lower portion. 
H iatus 

< BREAK > 
Keokuk 

Fort Paine Chert : thinbedded fossiliferous chert ; few feet 200 
Chattanooga of ChBttBnooga at base. 

Totalof ~ unconformity. ~ 
ca. 3100 ft . 

thrusting of the mountain front. In the western zones the ever more th inning 
Pennsylvanian is nearly horizontal; in the next zone to the east open folds 
occur ; the folding increases to sharp overturned folds, broken by thrust­
faults in the frontal zone of the mountains. In the east. the coalseams are 
metamorphosed into anthracites. The foredeep widens and expands outward 
from the mountain front in the higher horizons of the Pennsylvanian . All 
this is an exact analogy with con di ti ons in front of the Ouachita Mountains. 

The source of the sediments is very evidently in the mountains to the 
east : the sequence thickens greatly in this direction and becomes more 
coarsely clastic. 

The general sequence is condensed into Table XII. 

In Alabama the coalmeasure zone expands from a width of 30 miles in 
the north , to 85 miles in the south , and is represented weil back into the 
mountains. Practically only the lower Pottsville series is present. These 
measures increase to more than 10000 feet in the easternmost coalfields; at 
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TABLE XII . 
DEVELOPMENT OF THE PENNSYLVANIAN IN TIIE APPALACHIAN FOREDEEP. 

z 
< z 
< 
~ 

CORRELATION 

Permian 

I Wabaunsee 

I Shawnee 

I Douglas 

Lansinll 

Kansas City 

THICKNESS 
IN PEET 

up to 1200 

325 or less 

700 in Maryland 

DESCRIPTION 

Dunkard FormtJtion : prevalent lime~tone. : 
coals. alternating ".; ith limestones and sandstones 
(confined to portions of Pennsylvania, West 
Virginia and Ohlo) . 

Monongahela Formation : prevalent limestone. 
with very thlck coals (Pittsburgh coal) . 

Therc is na indication of a late-Pennsylvanian 
(Arbuckle) orogeny. 

Conemaugh Formation : sandstones (conglome­
rates at base), shale~ and some few limestones. 
Red color prevalent. Coals few and thin (" Barren 

Measures"). 
>- ....................... ... - ----_. 
ti) 

Z 
Z 
III 
0.. 

Marmaton 
Boggy 
McAlester 

Hartshorne 
Atoka 

250 - 350 Allegheny Formation : shales, some Iimestones, 

coals. 

reaches over PoftsvilLe Formation : sandstones prevalent, 
10000 ft . in wlth shales and c1ays, coals, some rare limestones: 

Alabama thiekens rapidly toward the east byever older 
divisions appearlng in thls direction, and by 
increasing supply of coarse terrlgenous materlal. 

--'---------'-------- - vvvvvvvvvvvv Unconformlty vvvvvvvv 
Wapanucka (WICHITA OROGENYor c10seIy equivalent) 

the same time conglomerates become frequent. In the Cahaba coalfield the 
series is developed as follows: 

Upper conglomerate division: 475 feet , 
Productive division: 2200 
Micaceous sandstone division: 1055 
Milstone Grit division : conglomerates and sandstones 1800 

Total circa 5500 feet . 

(cf. J. SQl1.JRE, 91, 1890.) 

In the still deeper southeastern portion of the coalfield th is sequence 
increases to more than 7500 feet (base not exposed). 

Still farther to the east, in the Coosa coalfield, the lower Pöttsville 
section is still more developed ; portions measured exceed 5000 feet, with 
all formations thickening relative to the Cahaba field. The total thickness 
cann.:>t be accurately determined , but, according to latest views, exceeds 
10.000 feet. This great thickening of orogenic molasse clearly indicates 

C8· 
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that we approach a more important mountain structure toward the south. 
(G. K. GIBSON : Report on the Coosa Field. Alabama Geol. Survey. 1895). 

In Tennessee, Kentucky and Virginia the maximum thickness ot the 
Pottsville does not exceed 5000 feet . 

The general character of the southwestern end of the Appalachian chain 
in Alabama becomes. therefor. increasingly similar to the Ouachita 
Mountain s of southeastern Oklahoma and Arkansas. 

The same kind of overthrusting is in evidence in the southern Appa­
lachians. as we find in the Ouachita system. The frontal zones do not 
contain any highly metamorphic slates, crystalline shists or igneous rocks. 
In fact no older rocks than Cambrian are exposed over the entire length of 
the Appalachian frontal zone. These rocks only appear farther back. in the 
more central region ; here the metamorphics may contain anything from 
the (identified) Carboniferous downward . This suggests that con di ti ons 
in the more central zones of the Ouachita system may be entirely similar. 

A notabIe difference is that , along the entire long front of the Appa­
lachians , we again find the great development of massive Ordovician 
Iimestone of the Arbuckle type. The metamorphic Ocoee group. apparently, 
should contain Ordovician members. as was weil established for 
the metamorphic zone of eastern Pennsylvania. Limestones and marbles , 
however , are very Iittle in evidence. but mostly slates. quartzites and 
massive conglomerates. The thickbedded whitish Murphy MarbIe (ISO to 
200 feet) in the extreme southwestern corner of North Carolina , is the only 
important limestone member mentioned in the Iiterature (KEITH : Geol. 
Atlas. No. 143, 1907). It would seem , therefor. that farther back in the 
interior zones of the Appalachian geosyncline. the facies is more Iike that 
of the Ouachitas. particularly in the southern section. It remains possible, 
however. that most of the Ocoee group consists of rocks which are older 
than the Rome formation (middle Cambrian). which also contains a grea t 
thickness of shales and sandstone. The limestone facies of the Ordovician , 
however , seems the normal facies of the frontal Appalachi~n chain; the 
non-metamorphosed. much reduced shaly and cherty facies of the Ouachita 
Ordovician is at least unproven for the southern Appalachians; all we can 
say is that it mag be represented in the metamorphic belt . 

It is the opinion of the writer that the Ouachita facies , which evidently 
originated a considerable distance to the sou th of its present location in the 
Ouachita Mountains, was deposited in a region oH the southern edge of the 
North American continent. whilst the Appalachians came from a more intra­
continental geosyncline. Whatever we may hold of the origin of the present 
Atlantic Ocean, wh ether we consider it as a rift in the crust, or as a sub­
sided region , it certainly was not an ancient ocean as the eastern Pacific. 
The g,enetic similitudes between the Permo-Carboniferous sediments of 
both North-America and Europe. and between the North-American oroge-
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nies and the Variscan Altaids, are very conspicuous. Even the crossing of 
the late-Paleozoic and the Caledonian chains, begun in the British Isles, is 
completed in New England (119, p. 720) . We cannot further discuss the 
problem of the Atlantic here; the writer refers to the literature cited under 
93 and 107. All this suggests that the Appalachian geosyncline may have 
been mpre intra-continental, of the general type of the Wichita geosyncline, 
and that the Ouachita facies of the old-Paleozoics originated oH the 
southern edge of STAUB's "Laurasia" . In this case the Wichitas might 
possibly, be conceived as the disappearing westernmost extremity of the 
pre-Carboniferous Appalachian geosyncline. The writer , however, prefers 
the conception that the Appalachian intra-continental geosyncline gradually 
merg es to the southward into the inter-continental Tethys condition , 
represented by the Ouachita Paleozoics, and that the Wichita geosyncline 
is a distinct intra-continental zone of weakness, particularly influenced by 
pressure from the southwest , though farther to the east it might also merge 
into the Appalachian trough. The Appalachians and the Wichitas would 
both be intra-continental foreland chains, though not identical (cf. pages 
87 and 107). 

The orogenic phases are practical!g identical in the Appa/adzians é/nd 
the Ouachita Mountains . 

The upper-Pennsylvanian Arbuckle phase is very doubtful for both 
systems, contrary to what we find in the Wichita mountains and the entire 
West, including the Marathon Mountains. Some disturbance may be 
indicated by the conglomeratic "Barren Measures" of the Conemaugh 
division of the Appalachian Pennsylvanian , but it is not proven by known 
unconformities. We also fail to notice this orogellY in the Ouachita Moun­
tains. It mag wel! be that the Arbuckle phase is oniy connected with 
pressures operating on the sou th western side of Laurentia, and that it is 
entireiy absent or onig very weak on the southeasfern side of the wedge. In 
this case, the Arbuckle phase would be related to the Pacific push, 
which is so much in evidence on the entire western side of the · American 
continent through all geologie history. It is certainly suggestive that this 
phase is so extremely important in the entire Wichita system, as weil as at 
the western end of the Ouachita complex at Marathon, the Hueco and 
Guadalupe Mountains and, finally, the Ancestral Rocky Mountains, always 

indicative of pressures directed to the northeast and east. 



THE HINTERLAND OF THE LATE-PALEOZOIC CHAINS 

IN THE SOUTHERN STATES. 

Prevailing American opinion has always considered both the Appala­
chians and the Ouachitas as mountains that have risen out of intra-con ti­
nental geosynclines. According to this view. which has been advocated 
particularly by SCHUCHERT. and followed in nearly all the literature. the 
hinterlands of these mountains would have been the "borderlands" Appala­
chia and Llanoria 1). We have seen that this interpretation seems justified 
for the Appalachians. notably for the northern. Acadian part of th is great 
mountain compléx . but it is questionable whether it also holds for the 
Ouachitas. Does Llanoria exist at all. if we view .jt as an ancient rigid block 
in the earth' s crust . acting first as a source reg ion of the clastic flysch 
sediments. and then. subsequently. as a vise jaw relative to the Ouachita 
geosyncline ? In the writers opinion . the chains of the Ouachita system have 
risen out of another. far more important type of geosyncline. a major inter­
continental depression of the crust. the kind which SCHUCHERT has 
described as a "mediterranean" geosyncline. In this case. the masses back 
of the very wide geosynclinal region would be a far greater crustal block. 
belonging to another continental unit. and the immediate hinterland of the 
exposed frontal chains would merely represent the more central meta­
morphic and crystalline zones of the very complex system of ranges. 
generated in a geosynclinal area of th is nature. 

In a major mountain complex of this magnitude. the original geosyncline 
was never a simp Ie trough. but a complex geosynclinoriuin. Several distinct 
troughs are separated by ridges. which themselves are either beginning 
anticlinoria or even embryonal thrustsheets. or not uncommonly. older 
massifs. truncated horsts. left from some older orogeny. entirely foreign 
to the later structure. acting the part of independent. passive subordinate 
nuclei. Such a mountain complex thereby becomes 'Very wide. The 
Variscan system of Europe. where a structure of this nature is clearly in 
evidence. has a present width of approximately 800 miles. and the original 
geosyncline must have measured. at the very least. 1200 miles across. 
before it was shoved together (93). 

The chains of the anticlinoria surround the passive subordinate nuclei. 
whilst the entire geosynclinal area is being deformed by the complex 
activity of the controlling continental blocks. forces which may be alternately 

1) The name Llanoria was derived from the Llano Uplift. which was originally con­
ceived as an exposed part of the borderland. lt has been shown that this massif is no part 
of the hinterland at all. but of the foreland of Central Texas. 
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compressive and expansive , as exposed in the theory of R. STAUB (93) . 
While the geosyncline is subject to compression, "ground folding " (plisse­
ment de fond, as described by E . ARGAND) may be a considerable factor , 
as distinguished from superficial "cover folding" (plissement de couverture). 
Groundfolding may, in particular, be the initia I phase, creating the primary 
geosyncline with an elevated hinterland. Unlike the coverfolds, the ground­
folds move much greater weights , with a far greater expenditure of energy ; 
this is shown by the greater breadth and radius of curvature. The ground­
folds , not infrequently, develop into particularly far reaching ho'rizontal 
displacements of major blocks, also on a larger scale than the superficial 
cover-overthrusts. A~GAND named these ground thrusts charriages à sec: 
"dry overthrusts" . Much of the initial upwarping of the hinterland, back of 
a nascent major geosyncline, may be structure of this nature. The older a 
mountain system is, the greater is the chance, th at erosion has reached down 
into levels, where primary ground thrusts have been bared, especially when 
subsequent gravity compensations have caused regional uplift of the entire 
structure. 

In th is manner, bundies of great ranges , of ten encompassing more inert. 
comparatively undeformed, older nuclei (Z wischengebirge) , come into exis­
tence in an inter-continental geosyncline of great magnitude, the original 
ex tent of which was of oceanic width. When the entire reg ion has been 
shoved together, various basins of deposition may become superimposed in 
different nappes, the tra velling blocks having transported on their backs 
differentiated facies of stratigraphical sequences, although in age they may 
be more or less equivalent. 

The primary continental blocks themselves, outside of the geosyncline. 
are onlyrelatively more rigid. They also are deformed. warped, broken , and 
shoved . wh en forces of this magnitude act on the relatively thin crust . 
Notably near the margin of the continents, accidentally present preexisting 
zones of relative weakness may be compressed into intra-continental sub­
ordinate mountain systems. which, however, are only counter-coups of the 
major events which occur in the inter-continental expanse. 

The Wichita mountain system is a beautiful illustration of a large anti­
clinorium, squeezed and blockthrust out of an intra-continental geosyncline. 
The front of the Rocky Mountains has the appearance of the front of an 
intra-continental ground t.hrust. which moved at several periods, without ever 

evolving into a great folded chain, probably through the lack of a suffi­
ciently thick and pliable sedimentary blanket deposited in a preexisting 
geosynclinal depression . 

The pelagic facies of the old-Paleozoics of the Ouachitas, the great 
compression of these chains. and the intensity of overthrusting, would seem 
to postulate sufficient importance for the entire system, to justify considering 
it as the frontal element of an inter-continental mountain complex. lts general 
iocation. trend and relationship to what must have been the Paleozoic 
Tethys in these regions, support this supposition. The Wichitas, on the 
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contrary. were formed out of rocks in the same epeiric facies as prevails 
over the whole Plateau; the sequence is merely considerably thicker. The old­
Paleozoics of the Ouachitas are of a strikingly different type. These eh erts 
and graptolite-,bearing siliceous shales. and minor dark limestones. need not 
necessarily imply abyssal depths . but they are off-shore . oceanic sediments . 
The true hinterland was originally far removed . and must be long to the 
continental complex . generally known as the Paleozoic Gondwana bloek. 
A very complicated system of anticlinoria . ridges and chains. and probably 
ancient Zwischengebirge. must now fill the original geosyncline. generated 
by its late-Paleozoic compression stage. Since then . complete abrasion and 
renewed sedimentation . a nd several phases of. possibly. almost equally 
important later orogenic cycles. have obscured the original structure. A 
period of expansion has succeeded the original compressive stage. and 
has created wide sunken basins of Mediterranean magnitude in the Meso­
zoic era (the Mesozoic Tethys). In the late Cretaceous and the Tertiary. a 
new compressive movement hegan. 'in a part of this new Mesozoic 
geosyncline. This was related to the Alpine revolution. This stage was again 
followed by renewed tension and down warping . In America . in addition. 
the Laramide revolution of the Cordilleran system ,has crossfolded the 
western region of the Tethys. The result of these great revolutions of 
worldwide extension is the complex reg~onal structure of the present Central 
America. The immediate result in the area which interests us here. is the 
Gulf Basin and the adjacent coastal plain. extending northward into the 
Mississippi Embayment. These basin deposits now obscure the en ti re hinter­
land and even most of the frontal chains of the Ouachita system in its 
widest sense. 

In this chapter we will summarize and discuss what very Iittle is known 
about this hinterland. or rather what we may vènture to deduce from the 
development and structure of the overlying Mesozoic and Tertiary forma­
tions. The far better exposed system of the Variscan and Alpine complex es 
of Europe can weil guide the line of our throughts . Here the various stages 
of evolution. decline. and rejuvenation of a great inter-continental zone are 
becoming unravelled in considerable detail. though problems and controver­
sies still abound and even multiply. Notably the !ate-Paleozoic (Variscan) 
mountains of centra! and western Europe. contemporaneous. and in many 
other respects related to the North American mountains. are important for 
purposes of suggestive comparison. For this reason a short description of 
the latest conception of the structure and genesis of the European ranges 
has heen added. as an Appendix . to this treatise. 

We may. therefor. expect that south of the exposed. or otherwise known 
frontal chains of the Ouachitas. including the Marathon Mountains and 
probably the southern Appalachians . a very wide hinterland zone exists. 
consisting of numerous and probably complex ranges. encircling some older 
massifs. This entire structure has broken down; af ter peneplaination . it 



THE PERMO-CARBONIFEROUS OROGENY IN THE SOUTH-CENTRAL U. S. A. 121 

subsided into early Mesozoic or even late-Paleozoic (Permian 1) intra­
montane basins. The whole was covered later by the thick mantIe of 
later Mesozoic near-shore sediments of the Tethys. 

The Gulf Coast Basin is already a coastal shelf part of the Mesozoic 
Tethys. The oldest definitely known strata are lower-Cretaceous. They have 
a great thickness, though far below orogen1c dimensions. The thickness 
certainly exceeds 4000 feet in northern Louisiana , and possibly more in the 
more central area. We know that lower-Cretaceous, in a Tethyc facies , is 
largely developed over most of Mexico. It is mostly composed of flag·gy and 
marly limestones , a1ternaHng in places with calcareous shales and some 
heavy Rudistes-limestones. On the Gulf Coast, ·the lower-Cretaceous grades 
laterally into a great thickness of more near-shore, partly lagunal desiccation 
deposits, and upward into upper-Cretaceous and Tertiary. These sediments 
thicken toward the south, and on the Gulf coast the entire sequence must 
exceed 15000 feet. 

A very long time intervenes between the late-Carboniferous and the 
deposition of the lower-Cretaceous. Of what happened in th is time interval 
on the Gulf coast, we know extremely little, if anything. 

Those portions of the Gulf of Mexico, which we can know, appear to 
have originated during the Jurassic in Mexico, during the lower Cretaceous 
in Texas, and towards the close of the Mesozoic era, at the latest, in the 
westernmost region. However we do not know anything about the deeper 
central deposits in the Texas-Louisiana portion, and whether older Meso­
zoies and even young Paleozoics may be present th ere, overlying the 
Carboniferous or older bedrock. 

E vidently, the Gulf Coast Plain represents a sunken basin over old 
central chains, equivalent to such European basins, as occur in France and 
central Gel'many, overlying the central zones of the Variscan Altaids. 

The writer believes that, shortly af ter the last , possibly Permian over­
th rusting of the Ouachita Mountain front, and possibly already antedating 
th is last phase, the bulk of the central chains broke down , a repetition of a 
phenomenon known from almost every major mountain chain the world 
over, and of all geologicaI periods. 

In the Alpine reg ion considerable portions of the pre-Alpine late Paleo­
zoic system, which forms the autochtone substratum, broke down already 
in the Permo-Carbonjferous. These sediments are known best from the 
eastern Alps. Manyof them we re land deposirts, but, gradually, through the 
intermediate stage of the Triassic Buntsandstein, they became involved in a 
more general marine transgression, spreading north,ward, perfected with the 
upper-Triassic Muschelkalk. The same thing occurred in the Variscan area 
of Central France and Germany: Permian and Buntsandstein basins at 
first, followed by transgression of the Muschelkalk. Con'tinuous oscillations 
ocurred, and a repeated formation of landlocked desiccating basins, all 
through the Permian and the Triassic. 

The southern zone , later occupied by the Alpides, finally developed the 
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great Mesozoic inter-continental geosyncline of the Tethys. probably not by 
mere subsidence. but also by crusta l stretching in the sense of ARGAND and 
R. STAUB: a drifting apart of large crustal masses . possibly of entire 
continents. After the conception of many Europea n geologists (KOSSMAT. 
HEIM. STILLE. and many others) . th ere should be a certain relationship 
between the subsidence of a foredeep and the breaking down of older 
central chains in a mountain complex. whilst the maximum uplift migrates 
outward in the direction of the push. It would be the reflection on the 
surface of deepseated gravity compensations by the movement of basal 
magmas. after the piling up of the folded lighter material. This explanation 
must demand subsidence of the hinterland chains . more or less contem­
poraneously with the elevation of the front zone and the formation of the 
last outermost foredeep of the cycle. 

It seems doubtful whether considerable highlands stiJ,J existed in the 
reg ion of the presumed more centra I chains of America at the time that 
the frontal overthrusts moved forward. The apparent failing of a coarsely 
clastic Permian detritus suggests their absence. Of course. we do not know 
how much of such material may once have been deposited over southern 
Oklahoma and Arkansas. Land deposits may have existed. but been eroded 
before the deposition of the Cretaceous. At Marathon. where we can fi x 
the major overthrusting as of late~Cisco age. and the mountains were 
affected by the Arbuckle orogenic phase. whioh is absent from the more 
eastern Ouachitas. this Permian detritus is vetter preserved in a marine 
basin . adjoining the frontal range. 

We must note that in the frontal zone of the Variscan ranges. we have 
another equivalent of apparent absence of erosional detritus . Only a few 
small remnants of the clastic Permian erosional detritus (Rotliegendes) have 
been preserved in northern France and in the Ruhr coalfields. It is also 
possible that the central zones had already subsided when the younger 
frontal chain of the Ouachitas was being eroded. and that most of the 
detritus went southward. to collect there in intra-montane basins. This 
appears to have happened in Europe (cf. pag'e 148). 

The Mesozoic and Tertiary strata filling the subsided Gulf basin are not 
undisturbed. This a gain is similar to wha t we find in centra I Europe. 

The lower Cretaceous was considerably folded before the depositlon of 
the upper-Cretaceous. both on the Gulf Coast and in the post-V ariscan 
basins of Europe. 

The Paleozoic basement ot the Gult Goast Plain is entirely unknown. 
except in a belt. only two score miles wide. along the southern edge of the 
Ouachita mountains. No wells have reached Paleozoic or ol der rocks of the 
floor farther away from the outeropping frontal zone. Whether two wells in 
Ashley and Chicot counties. in the southeastern corner of the State of 
Arki'lflsas. which touched nepheline syenite and peridotite below the upper 
Cretaceous. reached the pre-Mesozoic basement. is entirely doubtful. These 
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igneous rocks may be Cretaceous (cf. page 88) . Quite recently J. Y. 
SNYDER announced another discovery of a black aphanitic igneous rock a t 
a dep th of 4266 feet in a well in Franklin Parish. Louisiana. which might 
possibly be Paleozoic or older, but by no means necessarily (Bull. Amer. 
Ass. Petrol. Geologists , 1930, p. 967) . This is 32 miles southeast of Monroe. 
Very possibly this igneous rock is Cretaceous. Other occurrences have been 
reported. 

In Alabama, the southern Appalachians plunge very rapidly down into 
thé depression of the Gulf Coast, which is particularly pronounced in 
Mississippi. On the Jackson anticline, as far as the writer knows. only ~arly 
Cretaceous has been reached (directly below the base of the Eocene Mid­
way) . The break in the Appalachians is accompanied by great northwest 
striking downthrow faults , crossing the trend of the mountains at nearly 
right angles . The Cretaceous and Tertiary folds in this region also have this 
NW-strike. It would appear, therefor, that the basement were cut into 
horst-blocks, the outlines of which have no relation to their internal struc­
ture . The latter had become solidly cemented before the desintegration of 
the mountain structure. In the Mesozoic and Tertiary, these individual blocks 
themselves moved as solid units, regardless of the strike of the Paleozoic 
strata contained in them. In central Europe, the same condition is beautifully 
illustrated in the horst-blocks of the old Variscan Mountains. We will dis­
cuss further evidence of the same behavior in the basal blocks under the 
Cretaceous blanket of the Gulf Coast. 

Older Mesozoics, only known in Mexico. 
We must go all the way to Mexico to get any indications of pre­

Cretaceous strata, and here we are already weIl in the heart of the Tethys. 
]urassic, comprising the entire series from the Purbeck-Portlandian in­

c1usive, down to the Liassic. is known from a series of localities, where 
certain members are exposed, from the Isthmus of Tehuantepec to Nuevo 
Leon and Chihuahua; in the latter State upper-Jurassic is very widely 
distributed. These beds are all marine limestones, with shales and some 
arenaceous members at the base of the Lias, and in the middle-Jurassic 
around Tlaxiaco (plan tfossils ) . 
. TriassÎc occurs in marine facies in Zacatecas, and possibly in Guanajato: 
siliceous slates, alternating with shales. sandstones and quartzites. with 
submarine diabasic tuffs ("roca verde" ); fossils point to upper Triassic 
(Carnian) . 

Permian marine sandstones, with some lenticular limestones with 
siliciEied brachiopods and corals, occur in Coahuila, north of Torreon 1) . 

The only fa cts from which we may attempt to draw any conclusions 
regarding the nature of the pre-Cretaceous basement of the Ameri~an Gulf 
Coast Plain, are the behavior and nature of the Cretaceous and Tertiary. 

I) Cf. E . T . DUMBLE (39. 1918). This paper cites all the more prominent earlier 
publicatioDs, Dotably of E . 80SE. 



124 THE PERMO~CARBONIFEROUS OROGENY IN THE SOUTH~(;ENTRAL U. S. A 

In southern Texas and Louisiana. we know nothing older than lower­
Cretaceous. but in Florida a weIl has reached the basement of the hinter~ 
land of the southern Appalachians 2). 

Warping in the Gul{ Coast Plain. 

Several regional upli{ts are in evidence along the Gulf Coast area , which 
look very much like reflections of positive elements in the basement . SIDNEY 
POWERS already in 1926 (82. p. 9) expressed the opinion that the Sabine 
Upli{t reflects a buried portion of the Wichita mountain system. 

Another notabIe feature of the Gulf Plain are the numerous salt domes. 
They must be connected with some very deep seated saline sediments in 
pre~Cretaceous horizons, which are nowhere exposed. The extrusion of 
these salt plugs proves that considerable compressive forces we re active in 
these lower horizons. although folding is conspicuously absent in the more 
superficial strata. 

Af ter lower Cretaceous time. northern Louisiana and southern Arkansas 
were uplifted and warped, and major structural features were formed; quite 
possibly. they are rejuvenations of older elements. though not of Ouachita 
trends. Drilling in the Gulf Coast Plain has revealed a large structural 
complex, embracing the oil fields of southern Arkansas and northern 
Louisiana. including the Monroe Upli{t in the east. corresponding with the 
Sabine Upli{t in the west. Numerous minor folds and faults. chiefly alined 
NE~SW. cross the region. 

Of these structures the Sabine Upli{t is the predominant feature. Good 
maps. showing the subsurface contours. are given by SIDNEY POWERS (82, 
p. 5) and R. C. MOORE (Bull. Amer. Ass. Petrol. Geologists. 1926. 
p. 216) 1) . 

The axis of the doming as a whole is NW ~SE; minor folding in both 
upper and lower Cretaceous strikes SW ~NE. at right angles to the major 
ax is . The lower formations are far more sharply aHected than the upper~ 

Cretaceous. which is separated by a marked unconformity from the lower~ 
Cretaceous. 

Domes similar to the Monroe Uplift have been recognised by means of 
areal geolog,y in Plorida and in Georgia. in the hinterland of the southern 
Appalachians 2) . 

1) Earlier publications are: SIDNEY POWERS: Bull. Amer. Assoc. Petrol. Geologists: 
1920. pp. 117-136; 

L. G . HUNTLEY: Bull. Amer. Assoc. Petrol. Geologists : 1923; 
W . C. SPOON ER : Bull. Amer. Assoc. Petrol. Geologists: 1926. 

2) That the Cretaceous of Florida is underlain by crystalline metamorphics was proven 
by the Ocala weil, 16 miles WSW of Ocala, and about 3 miles south of York, on the 
Ocala Uptift. The total depth attained was 6180 feet . Eocene and Cretaceous limestones 
were piereed to a depth of more than 3800 feet. Samples, very unfortunately, were taken 
only at rare intervals. Somewhere between the depths of 3970 and 4245 feet, the drill 
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The presence of Permian, Triassic or ]urassic sediments is entirely pos­
sible along the Gulf coast (they are absent in Florida at Ocala), since they 
are proven in the Mexican region of the Gulf depression, but here we are 
already in the Tethys. As in the Variscan complex of Europe, intramon­
tane basins may occur, underlying the Gulf Coast Cretaceous, in which 
such formations may have been deposited from marine transgressions out 
of the Tethys. 

The lower Cretaceous seél invaded all Louisiana and southern ArkaIlsas. 
A shoreline lay near the western edge of Mississippi, as represented by 
L. W. STEPHENSON (66, 1928). The sediments increase rapidly in thick­
ness toward the southwest. 

It is interesting to note that no evidence of the existence of the Sabine 
Uplift prior to lower Cretaceous time is indicated in the lithology or struc­
ture of these formations. Either the doming did not yet exist as such, or it 
had been completely peneplained before the lower Cretaceous transgression . 

Deep drilling Ï1as now explored the subsurface development of the lower 
Cretaceous to a dep th of 6350 feet below the surf ace , on the crest of the 
Pine Island dome, within the Sabine Uplift. The weil of the Dixie Oil 
Company traversed 4100 feet of lower Cretaceous here, without reaching 
the base. 

The section for the Pine Island reg ion can be generalized in the following 
Table XII/. 

At Pine Island, a considerable thickness of strata at the top of the lower­
Cretaceous has been cut out byerosion, before the deposition of the upper­
Cretaceous, when a relief of up to 2000 feet was raised and subsequently 
peneplained. The missing horizons belong to the Washita and Fredericks­
burg groups of the lower-Cretaceous, and comprise some 1600 feet of 
sediments : red shales with led ges of limestone and some sandstones, 
underlying the Woodbine Sand and resting on the upper Glen Rose. 

Similar conditions prevail on the Monroe Uplift: here red shales imme­
diately underlie the Annona Chalk, which is the gas bearing stratum, with 
the underlying Eagle Ford Clay group entirely missing. In other parts of 
the uplift, the Eagle Ford, now constituting the second gas horizon, is 
present. Consequently, at Monroe, there exists a buried hili of these red­
beds. The writer is unaware whether it has been established that they are of 
post-Glen Rose, Washita or Fredericksburg age, and not, possibly, the 
older redbeds underlying the lower Glen Rose. 

The entire Glen Rose, which reaches a thickness of 1850 to 2250 fe et 
in the Sabine area and at Bellevue (L. P. TEAS; 98, p. 236). dwindles to 

passed into metamorphic rocks: micaceous shists, slates and quartzites (H. GUNTER .• 7. 
1928. pp. 1107-1108). This indicates further, that the coastal plain of Florida is far less 
deeply buried than the Gulf Coast Plain. This basement, ho wever, may quite poss.ibly, 
have nothing to do with the hint~r1and of the Ouachitas, but may still ~ a part of the 
Piedmoot massif of Georgla. Thes~ rocks might eveo ~loog to the Ouachitas themselves, 
If these should pass to th~ easlward ioto the present AtlantIc (cf. page 1071. 
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TABLE XIII. GULF COAST CRETACEOUS. 

THICKNESS IN 
FEET 

over 300 

(very much more 
olf the U plift) 

500- 700 

ca. 100 

200 

260 

ca . 250 

225 

100 

200-i50 

± 50 

(Break of 

1600- 2000 ft .) 

At Pine Island (Sabine Uplift). 

DESCRIPTION 

Wilcox Formation : lignitlc sands and c1ays. 

(Unconformably overlain by Claiborne Group) . 

~ Unconfnrmity /VV'VVVV'..Á 

Midway Shales : dark c1ays, with siderite concretions. 

~ Uncon(ormity /VV'VVVV'..Á 

Arkadelphia Clay : dark dav. with some chalk. 

Nacatoch Sand and sandy Iimestone . 

Sa ra toga chalk and Marlbraok marl formations . 

Annona : hard white chalk, irregular in thickness .. 

Oza n: grey calcareous shales, with sandy layers at the base. 

Blossom Sand. 

Brownstone Marl and Tokio Sands, equivalents to Eagle-Ford 

Clay of western area, 

at base : volcanic ash and varicolored arenaceous tuff in layers. 

Woodbine sand. 

major erosional and angular unconformity /VV'VVVV'..Á 

Break in strata, represented elsewhere by a considerable 

thickness (1600- 2000 feet) of redbeds .of Washita and 

Fredericksburg age. Effect of peneplainlng erosion. 

200 Upper Glen Rose: argillaceous limestone, red and brown 

i50- 500 

900-1150 

2030 

425 feet have 

heen penetrated; 

base and thickness 

unknown 

shales and sandstone layers. 

Anhydrite zone: masslve and thinbedded anhydrite. interbedded 

with d"lomitic beds. argillaceous IImestone and calea- ' 

reous shale. 

(An impoverished marine fauna in some of the Iimestone layers) . 

Lower Glen Rose: Iimestone and grey to black shales. some 

red and brown layen. 

Red shale:t and red and white sandstones (non-marine). 1) 

(These redbeds are also known from the Bellevue oil­

field and from wells in southern Arkansas.) 

Marine marly limestones: partly sandy. fossiliferous. inter­

hedded with dark grey caleareous .shales : fossils deB­

nitely still lower-Cretaceous. 

Base not reached. 

(In the Bellevue field. 330 feet of these same shaly 

Iimestones. also fossiliferous. we re pierced) . 

1) These lower redheds may he related to the pre-Trinity beds of northern Mexico. 
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125--200 feet in the outcrops in Sevier. Howard and Pike counties. Arkan­
sas. Thc 500 feet of anhydrite zone dwindles to less than 20 feet of gypsum 
in the outcrops. On the western margin of the coastal plain. anhydrite has 
recently been found in the Glen Rose in wells in Fannin. Hill . CaIdweIl. 
Maverick. and Gillespie counties. Texas 1). 

The upper-Cretaceous was deposited in a sea that transgressed progres­
sively over the peneplained surface of the uplifted and warped lower­
Cretaeeous. overlapping the ol der beds from west to east. The lower zones 
of the upper Cretaeeous form either a shore line. or an erosional edge 
against the Sabine Uplift. and cause the reeently diseovered prolifie 
oilfields in Rusk and Gregg counties. on the southwestern edge of the doming. 

At the close of the upper Cretaeeous. there was another warping. but 
of deeidedly less importance than that which aHeeted the lower Cretaceous. 
The lower-Eocene Midway is still represented on all the anticlinal folds . 
During the Eoeene. however. the Sabine dome continued to rise : succes­
sively younger units of the Wilcox formation overlap the Midway. Also the 
Wilcox thickens in all direetions away from the Sabine Uplift. The top 
of the Wilcox is again charaeterised by extensive erosion after renewed 
warping . Outliers of Claiborne age rest uneonformably on Wilcox strata 
on the uplift. 

Later movements eonsisted prineipally of a rhytmie downwarping of the 
Gulf Coast Plain. as proved by rapid thickening of all the formations Gulf­
ward . and by successive fracture zones tang entia l to the Tertiary shoreline. 
These accentuated the structural relief of the Sabine dome. (c. D . 
FLETCHEH. 40. p. 189) . 

Of these fracture zones the Angelina-Caldwell Flexure is the most im­
portant. It constitutes a 5 to 20 miles wide zone. within which the gently 

dipping monocline of the lower Tertiary rapidly drops to an approximately 
800 feet lower level. This zone is sharpest (narrowest) in the southwest. 
and widens perceptibly toward the northeast. in LaSalle. CaIdweIl and 
Riehland parishes . Louisiana . where it seems to lose itself in irregularly 
undulating structure (Urania oilfield and Richland gas field on loeal anti­
clinal doming) . In Sabine parish. a long the south side of the Sabine Uplift . 
the dip is sharpest (180 feet to the mile) . (cf. C. W . SCHN EIDER. 85. 1929). 

Saltdomes . 

The salt domes. in genera!. oeeur in two or th ree groups' in the coastaI 
Plain of the Gulf of Mexico. The group of the interior domes spreads in 
two clusters. east and west of the Sabine Uplift. both in Texas and in 
Louisiana . The western one of these groups lies within the deep depressJOn 
of the Tyler Basin . west of the uplift. but the eastern cluster. though 

1) E. H. SELLARDS : Bureau of Economie Geology News Letter. October 1930. 
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situated in the relative depression between the Sabine and Monroe Uplifts . 
is still within the generally elevated area . 

H ere columnar cores of salt are squeezed out from some unknown beds 
at great depth. A large part of the movement of the salt plugs occurred 
previous to Claiborne (Eocene ) time. The oldest formations. sofar en­
countered when drilling these domes. either in place or in the salt breccia . 
is still Lower Cretaceous (Glen Rose ) . 

The group of the coastal domes is an entirely different assemblage . 
A gap without any known salt domes separates the two groups. Also no 
domes are known east of the Mississippi River (except on the very east 
bank). and they furthermore assembIe in severa l distinct clusters along 
the coast. 

A possibly separate group is formed by several salt dom es in southwes t 
T exas and in the northeastern corner of Mexico. near Brownsville. 

The interior domes occur in an area . where Eocene sediments (Wilcox 
and Claiborne) constitute the surface. The zone barren of salt domes lies 
within the belt of outeropping Catahoula formation . The coastal domes all 
!ie in the zone where only late Pliocene and recent deposits form the surface. 

A great many salines. not connected with know n salt dom es. occur over 
the plain . and a number of previously unknown plugs. which do not reach 
the surface wirh visible topographic expression. have been discovered by 
geophysical methods. Consequently. at present. the map of the coastal 
plain is dotted over by a very great number of these saltdomes. and new 
ones are continuously being found 1). In many. the salt comes close to the 
surface ; these are usually expressed in the topography as decided knolIs ; 
in many others. the salt core lies deeply buried ; in some. finally . although 
they are evidently salt domes. no rock salt or caprock has ever been reached 
by the deepest modern drilling (Goose Creek. for instanee ). Geophysical 
work suggests that the top of the salt in some of these deep plugs may be 
deeper than 7000 fe et (0. C. BARTON ). 

Broader and more gentIe structural uplifts. like those on which the Homer. 
Bellevue and Van oilfields are loca ted. are also suspected by many geo­
logists to be caused by bulges of a deep Iying salt deposit. although they 
embrace mélny square miles. whilst the proven real salt domes cover only 
an average of about three square miles each. Salt anticlines. where the salt 

may !ie very deeply buried. are also indicated by geophysical work. 

Origin of the Gulf Coast salt. 

On the coast. we are as much in the dark regarding the mother rock of 
the salt as for the interior domes . No weil has ever reached any stratum 
which could be so considered. 

1) In 1929 alone. some 30 new prospective very deep saltdomes wen discovered by 
geophysical methods. (Incidentally the writer was the Brst to introduce seismie expIoration 
in the United States). 
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The presence of a 500 feet thick anhydritic zone in the Glen Rose, aroUIld 
the Sabine Uplift , and found over most of east-Texas, suggests that, at least 
the interior salt domes, might originate from salt beds in this horizon. Salt, 
however, has never been found in any wells within this formation, even in 
such as were drilled far enough away from any salt dome, through which 
the salt might have been ejected out of its primary stratum, or become 
subject to leaching. Many hold the opinion that the salt, at least for the 
interior salt domes, has its origin in much older rocks than have yet been 
penetrated by the drill in these areas (FLETCHER, 40, p. 186) . Unhappily, 
we have no evidence sofar that any determinable blocks of such mother 
rocks, or even immediately overlying beds, have been brought up by the 
rising salt plugs. 

The oldest rock which has ever been found in any coastal salt dome is 
upper-Cretaceous (Navarro) . This was determined from a breccia on top 
of a salt plug at Sou th Liberty. Texas 1). 

At Avery Island, Louisiana, a th in mass of brecciated tough red sand­
stone is inc1uded in the salt in the local mine. It forms a streak. extending 
vertically at least 80 feet , and 75 feet in strike. The rock consists of quartz 
and a few fresh felspars in silica cement, cemented before it entered the 
salt. It is evidently a fragment of red sandstone picked up by the salt on 
its upward course (T. E. VAUGHAN, 104, 1925, p. 770). Although this rock 
may be highly similar to red Permian sandstones of West Texas and 
Kansas. its mere petrographic character should by no means prove its age. 
Similar rocks occur in the saline facies all over the world , in formations 
ranging from Cambrian to Tertiary in age. For th is particular region. 
however, the presence of fresh felspars is very suggestive of late-Paleozoic. 
At Belle Isle a weil found several " layers" (?) of limestone and anhydrite 
and also of "sand" in the salt , at a depth of some 2500-3000 feet, but no­
body has described these rocks any further. 

Fossil algae we re discovered in a co re from a depth of 4800 feet , in con­
junction with potash salts. in the Markham salt dome in Matagorda county. 
Texas. J OSEPHINE E. TILD EN identified these as identical with algae 
occurring in Permian salt at Kanopolis, Kansas (S. POWERS, 82, p. 10 and 
E. DE GOLYER , H, p. 348). Whether algae, however, can be considered 
adequate key fossils , is doubtful. This is also the opinion of SCHllCHERT. 

Anyhow. apart from the question of these algae, SIDNEY POWERS and 
many others beHeve that the plugs of the salt domes originated from strata 

1) Eocene, formerly the oldest formation known on the coast, was piereed !rom 1943 
to 2012 feet (Yegua = Upper-Claiborne). The weil then passed apparently into the caprock of 
the salt, but encountered the upner-Cretaceous marl at 2057 feet, and found a dolomitic 
crystalline Iimestone immedialy after, before passing into the solid anhydrite and rocksalt, 
reached at 2120 feet . It would seem to the writer, that thls Cretaceous, and also the 
unidentified dolomlte, were blocks in a tectonlc breccia brought up by the salt plug. 
Abundant foraminifera proved the Navarro age of the marl. (T. E . MORRISON. 81. 
1929. pp. 1065-1069. and a personal communication from W . E. WRATHER). 

Verhand. Afd. Natuurkunde (2e ~ctie) Dl. XXVII. C 9 
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of Permian age. SCHUCHERT, however, does not believe that it is possible 
that marine Permian accurred in the hinterland of the Ouachita Mountains. 
He considers that the landarea of his assumed Llanoria would prevent 
this (86, p. 872). 

The writer does not consider this reasoning justjfied. The central zones 
of the Variscan mountains of Europe, a reg ion which seems very similar 
to what must be assumed for the hinterland of the Ouachita front zone, 
subsided and broke up in several basins, which became submerged under 
the upper-Permian Zechstein sea, the subsequent desiecation of whieh 
caused extensive saltdeposits. This happened partly over the foreland 
(North~Germany), partly over the central metamorphic zones, south of the 
Harz Mountains. intensily folded and overthrust in late-Carboniferous 
(Pennsylvanian) time. These salt basins lie far back of the frontal mountain 
chains of Westfalia (cf. p. 121). The occurrence of the Texas and Louisiana 
saltdomes in distinct clusters, also suggests th at they were extruded f~om 
separate lenticular salt deposits, which may have been formed in distinct 
basins. rather than from one continuous sheet of salt, underlying the entire 
Gulf Coast Plain. 

Age af the upthrust in the saltdames. 

The salt plugs of the interiar dom es began to grow at the end of the 
lower Cretaceous, at the time of the general folding of these strata. Other 
distinct movements occurred during the Eocene phase. The Wilcox is 
considerably tilted by the salt plugs .; the Claiborne less, but it is still 
distinctly lifted by several of the Louisiana domes. This is the same phase 
which is in evidence by so much overlapping of the Wilcox and Claiborne 
on the Sabine Uplift. The upward movement was completed in Neogene 
time by upthrust amounting to more than 3000 feet in several instances ( 121 ). 

The Cretaceous history of the coastal domes is entirely unknown; the 
only sign of Cretaceous we have, is the already mentioned pice of Navarro 
marl in the caprock breccia of the South Liberty dome (cf. p. 129). We 
know these plugs to have intruded the Tertiary sequence after Jackson 
(upper-Eocene) time. The Jackson and Catahoula pinch out against them, 
but the Miocene passes over the top of the salt in many domes. Others 
have continued to ascend until recent time, and pierce even the latest 
Quaternary sediments, with pronounced effect on the topography. 

Stcatigcaphy and structuce of the Gulf Coast Tectiacy . 

The Tectiacy blanket reaches an enormous thickness in the coastal zone . 
An actual thiekness of some 7500 feet has been explored by the drill, as 
far as information is at the writer's disposal. (At present the strongly 
competitive geophysical activity of several large petroleum and sulphur 
companies causes much secrecy and withholding of geologie information 
along the Gulf Coast). The lowest horizon reached in any coastal saltdome 
is the Wilcox (lower Eocene); th is was in the northernmost dome of the 
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coastal group, the recently discoverd Clay Creek dome, to the north of the 
Brenham dome. In the coastal section, only upper-Eocene has been reached 
by drilling. In the latitude of Houston, the top of the Jackson was found at 
a depth of 5000 to 5500 feet on the flank of the Esperson dome; its depth 
off this uplift must be at least 6500 feet, and the top of the Wilcox must 
Iie at least at 9000 feet. The results of reported seismic work, and calcula­
tions based on torsion balance surveys suggest that the unconsolidated sedi­
ments extend down to a depth of at least 15000 feet. Eastward the Miocene 
and Pliocene are known to thicken greatly, and in the area of the Mississippi 
delta, below New Orleans, the depth to the base of the Claiborne can only 
be guessed, and possibly is much greater than 10000 feet!) . 

At the very coast, the Quaternary becomes enormous. At Avery Island a 
. weil went down 2600 feet in apparently entirely recent sediments, with 
buried logs of wood , in no way different from modern kinds (T. E . 
VAUGHAN, 104, pp. 771-772) . A condensed list of the Tertiary form­
ations of the Gulf Coast is added as Table XIV, after C. L. MOODY (121). 

The dawn of Tertiary time shows a widespread advance of the waters of 
the Midway sea . A long period of time, however, had elapsed between the 
termination of Cretaceous deposition and the base of the Eocene. In addition 
to paleontologie evidence, recent drilling in eastern Louisiana and central 
Mississippi has furnished evidence of this hia"tus. In the Richfield gasfield , 
in Louisiana, the basal T ertiary lies on an erosional surface of truncated 
late- and early-Cretaceous strata . In the Jackson anticline, in Mississippi, 
the Midway rests on early Cretaceous, and in Sharkey county the same 
formation lies directlyon andesite, the age of which is unknown. 

During the Midway, the region was remarkably stabIe, the sinking was 
uniform, and 600 feet of homogeneous mud we re laid down over a wide 
area. In the Wilcox, on the contrary , a great unrest set in , pronounced folds 
were formed , both local and regional. The Sabine region was slowly rising. 
During the succeeding Clayborne time, the shoreline of the Gulf withdrew 
twice almost to its present limits. Much of the Wilcox sediment is lagunaI. 
or even a land deposit ; Iignite and carbonaceous c1ays abound. 

It is thinkable that there exists some relationship between this period of 
Eocene disturbance, the Alpine orogenie cycle, and the Laramide revolution 
in the Cordilleran region. These movements, however, cannot be :egarded 
as a rejuvenation of the buried Appalachian-Ouachita structure, because 
the disturbance is of least effect in southern Alabama and in Arkansas, 
where the deformation consisted only of a gentIe downwarping . Evidently, 
only certain solid bloeks, into whieh the aneient mountains had been dis­
seeted, moved as units, without any regard to the preexisting Appalaehian 
of Ouaehita trends in their strueture. 

Eoeene deposition c10sed with the withdrawal of the extensive Jaekson 

1)" D. C. BARTON : Amer. Ass. Petrol. Geologists. Bull. 1930. pp. 1385 - 88) . 
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sea, which had transgressed as widely again as the Midway, and laid down 
a sediment, which closely resembles the latter in general character. Oligo~ 
cene deposits (Vicksburg group) are restricted to a contracting gulf. This 
calcareous stage was suddenly terminated by an influx of coarse terrigenous 
detritus (Catahoula group). which accumulated landward and in the coastal 
zone of a rapidly retreating sea. The Texas coastal Miocene is characteri~ 
zed by quantities of remanié Cretaceous foraminifera, absent Erom the 
Pliocene, indicating that this clastic Miocene had its source in uplifted 
Cretaceous. The Gulf of Mexico receded far beyond the present shoreline, 
erosion remained active, and the Tertiary period close<! with the entire 
region deeply covered with a mantIe of Pliocene sand and gravel. Qua~ 

ternary time has been largely consumed in the removal of th is detritus 
(cf. C. L. MOODY, 121) . 

Tertiary evarping. 

A decided unconformity occurs at the base of the Miocene, and below this 
the strata are warped in considerable anticlinal folds . Geophysical explo~ 
ration indicates the presence of numerous anticlines of considerable ampli~ 
tu de and length in the subsurface. These observations have, in part, been 
confirmed by drilling. Torsion balance work suggests the presence of very 
deeply buried salt anticlines, which are many miles in length, and in which 
the salt lies probably at least 9000 feet deep (0. C. BARTON, 1930, loc. 
cito p. 1389) . 

Anticlines near the Rio Grande, in the region of Uvalde, and then again 
near Corpus Christi, strike NE~SW, parallel to the trend of the Balcones 
faults north of San Antonio. These folds are evidently genetically related 
to the faults. The warping se ems, at least in part, of very recent nature. 
Some of the mentioned subsurface folds in the area farther to the east 
follow the same strike. As we have seen before, the strike of the Balcones 
faults is obviously similar to that of the buried front of the mountains in 
East~ Texas. This is the only instance, wh ere structure in the Gulf Coast 
sequence might be considered as following a trend already known in the 
Paleozoic. 

The age of the Balcones faults is diHicult to determine, because no 
formations are present, which fill the stratigraphic gap between the displa~ 
ced Wilcox group (lower Eocene) and the , not aHected , Reynosa forma~ 
ti on, which is doubtfully referred to the Pliocene 1) . 

Much information, regarding the pre~Miocene folding on the Gulf coast 
is doubtlessly in the hands of the petroleum companies, who explore the 
reg ion by advanced geophysical and paleontological methods. For' the time 
being , however, this information is very carefully guarded. 

Evidently, the end of the Pliocene indicates a renewed subsidence of the 

I) A. OEUSSEN : Geology of the Coastal Plain of Texas, west of the Brazos River ; 
U . S. Geological Survey, Professional Paper 126, 1924, pp. 127-128. 



TABLE XIV 

PROVISIONAL CORRELATION OF TERTIARY FORMATIONS OF EAST TEXAs. LOUISIANA. AND ARKANSAS. 

WITH MISSISSIPPI AND ALABAMA (AFTER C. L. MOODY. 121) 

EAST TEXAS LOUISIANA .... ARKAN% MISSISSIPPI WESTERN ALABAMA 

RECE-NT Alluvium .. morsh ond tJe.och a,posi ts ':,A lluvlum;mt:JI"3h ond t>eoch tkpo$ifS AI/uv/vm .. DeOCh SOnGS A /lCJl.m,p7'1 • b~OCh sorv:fs 

QUATERNARY 
PLEISTOCENE PORT HUDSQN ; BCAUMlNT aAY PORT HI.JDSON;JJEAUNONT,' Joess PORT HUDSON ,' Ioe,ss H II" slr~om ond ~oc/'J l~rrOC't!S 

PLIOCENE C/TRONEl.LC CJTRDNCl.LC CITRONCl.LE CITRONELLE 

FLCMING rLCM/NG 
P~GOULA PA5CAGOULA 

MIOCENE CATAHOU/Jo SANDSTONC. CATAHOULA SANDSTONE 
HA TT/ESBURG' HX"T71E:SSURG 

CATAHOULA SAN1~SrtJNë 

~ 
VICKSSVRG CROUP VICXSBURG GROUP 

iJ BYRAM MARL 8YRAM ",,,,,RL 

OLIGOCENE (OvtJr/op~d) GLENDON l./MESTONC GLENOON LlMESTONE 

HAR/""NNA LlNESTONE HARIANNA LIHESTONE 

FOREST HILL - RED &UFF RED SLUrF CLA Y 

JACK$ON JACKSON JACK.sONi...;~g:.:, ~ JACKSON • OCALA I.JKE:STONE 

COCl<rIElJl- COCKFlELO COCKFlELD 
coorFTELD ______ 

COSPORT 
TERTIARY '" COOl< MOUNTAIN COOK MOUNTAIN ·WAUTV8SE:E IoUIRL Z 

0: SPI4RTA SANO SPARTA SANO KOSCIUSKO SAND :=:::::=-0 LISSON 
In MOUNT SELMAN HT.5ELHAN f < W INONA SANO 
...J QUEEN CITY SANO qucEN CITY C""NE RIVCR 
0 

EOCENE REKLAW REKLAW TALLAHATTA TALLAHATTA 

)( GRENADA H""TCHETI GBEE 
0 ASHI 0 WIl.CO~ GROUP WIl.C0f,: GROUP HOLLY SPRINGS USCA.'IOMA 
~ VND, ,.,.CAENT'lATEO) . ('/NDI'~CRLNTIATCD) 

ACKERHAN NANAFAL IA 
> -- TlPPAH SANDSTONE NAHEOL'" 

~ MIDWAY 
I-
fl8WAY PaRTERS CREEK CLAY SUCARt:>IOCHEE 

0 (vIVOI"C*LNToIATCD) vtVD""CIICNTIA reD) 

l CLAYTON CLAYTON 
-- ------- ---- -- - ----- ------- -

I) There is difference of oplDlon regarding the occurrenee of the Oligocene In the western part of the Gulf coastal area . 
A . D EUSSEN. and many others assign the Catahoula sandstone to the Oligocene. and consider it fa grade esstward Into the 
Vicksburg limestone facies of Alabama. DEUSSEN only considers the Oakville sandstone as Miocene. unconfonnably overlying 

the Catahoula. 
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Gulf coast. submerging strata. which were until then non~marine. At the 
present time th ere is again emergence. The coastal prairie. the zone of a 
width of 80 miles along the shore. is in extreme physiographic youth. Three 
to four distinct terraces. bounded by beach ridges. indicate general emer~ 
gence 1) . The enormous thickness. however. of the Quaternary sediments 
proves. that these must be minor oscillations. and that. taken as a whoIe. the 
bottom of the basin is still continuously sinking. 

Even atthis present date. the Gulf coast is evidently an unstable region. 
subject to regional changes of level. and with the plugs in several saltdomes 
still active. 

Cretaceous and Tertiary volcanic activity is much in evidence in the 
subsurface of the entire Coastal Plain. We know it from north Louisiana 
and southern Arkansas. from near the close of the upper Cretaceous. 
A great thickness of tuffs and efflata is particularly in evidence in the 
Monroe area. In Taylor time ashes are frequent over the entire Gulf region. 
The Jackson carries ashes over a large portion of southern Texas . This 
continues in the higher Tertiary all over the coast. An ash bed was descri~ 
bed in more detail. from what must have been Miocene. in Calcasieu parish. 
Louisiana. (M. A . HANNA; 48. 1926. pp . 93-95). 

CONC LUSION . 

The poor information . which has here been summarized . is all we have 
to build on when drawing conclusions concerning the buried hinterland of 
the great Ouachita chain. The salie nt points are that the Paleozoic floor is 
very deeply depressed: that in northeastern Texas. northern Louisiana and 
southern Arkansas. middle-Cretaceous uplifts and warping. and again 
folding in the middle~ Tertiary along the coast. indicate continuing distur~ 
bance. which is still active at the present time. These movements . however. 
are no rejuvenation of Appalachian or Ouachita structure in the older trend 
of the Paleozoic mountains. but they must be considered merely as aresult 
of differential displacement of buried block~horsts. in which the old struc~ 
ture had been cut up. Evidently. the old folds had already become so solidly 
cemented. that an rigid mass had been created. which was no longer subject 
to rejuvenation. except along the dissecting younger faults. (This is exactly 
like what is known from most of the Variscan reg ion of Europe) . The 

1) D . C. BARTON has recently pointed to the fact that an uplift of about 20 feet is in 
evidence all a long the coast of Texas and western Louisiana. from Corpus Christi. Texas. 
as far as Cameron and CaIcasieu pa rishes. Louisiana ; it seems to become le,s clear farther 
east. unless the curious shape of the outer Mississippi delta indicates its continuation. 

BARTON also drew attention to the rather striking physiographic re hef of the sea bottom 
olf the coast. Within 50 miles off shore. the normal rehef is far more rugged (and 
associated with coa rse sand) than for more than 75 miles inland. where all the sediments 
consist of extremely fine silt. 

(Discussion of A . C . TROWBRlDGE'S papar at New Orleans meeting of Am. Ass. of 
Petrol. Geologists. March 20; Bulletin 1930. p. 900. and also pp. 1301 - 132 fl ). 
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new trend is a dif fe rent one: a NW -SE strike prevails. Only in the Balcones 
faults and related anticlines. the Paleozoic trend of East-Texas seems 
revived. Continuous volcanism in the Tertiary era. and: the numerous salt 
plug.s indicate deep sea'ted stresses. 

The salt domes also prove the existence of a considerable salt formation, 
probably in several distinct and separated basins. The salt is almost cer­
tainly pre-Cretaceous. not improbably Permian, for the so-called interior 
salt domes. In the coastal dom es, it might be possible that the Glen Rose 
anhydrite zone had developed salt deposits farther down in the basin, but 
the 'salt can just as well be of the same age as that in theinterior domes. It 
would also be possible that Triassic or even Jurassic strata developed salt 
in landlocked basins. 

Since the Gulf of Mexico and the Caribbean, in the writer' s opinion. 
are expansion rifts in the sense of ARGAND, it may not be without interest 
to drawattention to the great thickness of red and green sandsones and 
shales (J iron beds) . overlying normal marine upper-Carboniferous in 
Colombia (16.000 feet in the Bucaramanga district) . and the probably 
identical Todos Santos beds of Guatemala. The age of these strata cannot 
be determined exactly. but they come in between the upper-Carboniferous 
and the middle-Cretaceous. and may represent a part or all of the Permian, 
Triassic and Jurassic . and even lower Cretaceous. The Todos Sant os 
beds contain gypsum near San Mateo Ixtatan. and both gypsum and rock­
salt near Quetzal (H. DE BöCKH , G. M . LEES and F . D . S. RICHARDSON , 
21. pp. 163-164) . The plugs of saltdomes in the neighborhood of Bogota. 
that penetrate marine Cretaceous beds. must originate in th is selfsame 
formation. which also carries salt in Guatemala. Underlying these saliferous 
redbeds. Paleozoics jn marine facies have been determined. comprising 
Ordovician graptolite shales. Devoruan and Carboniferous. Marine upper 
Carboniferous has also been described from Chiapas. Mexico: 900 feet of 
grey to black fossiliferous limestones and dolomites. partly siliceous. under­
lain by 3000 feet of unidentified unfossiliferous Paleozoic conglomerates. 

Of course. these various regions are now very remote from Texas and 
Louisiana. If. however. with R. STAUB. we consider the intervening sea 
bas ins as the result of crustal stretching and drift ("buttonholes" of 
ARGAND). the distance between the original sedimentary provinces may not 
have been too excessive to permit comparison of the formations . If the 
Guyana nucleus is the true major hinterland of the late-Paleozoic folded 
zone oH the southern end of Laurentia. the here discussed deposits still lie 
to the north of it , and belong to the inter-continental geosyncline . 

To sum up. we find very many features in common between the hinte-r­
land of the Ouachita chains and the basins over the broken - down and 
subsided central chains of the Variscan Altaids in France and Germany. 
We also find continuously repeated folding in the Basin of Paris. overlying 
the central Paleozoic chains (the type locality for "posthumous folding " ) . 
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In other respects, notably the deposition of extensive redbeds and saliferous 
formations, conditions overlying the central Variscan chains of Germany 
may have been repeated. 

Although we have no direct proof whatever, there is nothing to disprove 
the opinion of the writer, that there is more probability that a complex 
system of folded and overthrust metamorphic central Paleozoic chains under­
lies the Gulf Coast Plain, representing the central zones of the Ouachita 
system, than a rigid old "LIanoria borderland" . 



SUMMARY OF THE LATE-PALEOZOIC OROGENIES OF 

SOUTHERN NORTH-AMERICA. 

The complete picture of the late-Paleozoic orogenic cycle of the North­
American continent may now be summarized as follows : 

The northward creep out of the Tethys (or the southward drift of the 
American continent, whatever it may be) , striking the southern wedge­
shaped extremity of the ancient resistant Laurentian Plateau , dissolves in 
two components. One branch pushes against the southeastern edge, creating 
the northwestward pressing, probably intra-continental foreland chain of the 
Appalachian system. These ranges join in their southern extension the 
Ouachita system, meant in its wider sense, and extended as far as south­
western T exas, and probably beyond. 

The other component pushes against the southwestern edge of the con­
tinental plateau , with a pressure directed toward the northeast. The main 
outer complex of th is western component is not known : it is obscured by 
the age-old pressures, which act on the western edge of the continent, out of 
the Pacific (this again regardless of the cause, whether the Pacific creates 
eastward directed pressures, or the North-American continent itself presses 
westward against the Pacific J. 

The Ouachita-Marathon-Solitario ranges are still pressed to the nor th­
west ; they all belong to the same southeastern component as the Appala­
chians. The Wichita system , on the contrary, belongs to the southwestern 
component and presses toward the northeast. The two ·systems intercross in 
the Ouachita Mountain reg ion of southeastern Oklahoma and Arkansas. In 
the subsurface of eastern Texas , the extension of the Ouachita chain is 
plainly demonstrated , sweeping around the LIano-Burnett uplift toward 
Marathon, generally pressing to the west and northwest. 

Paleo-geography in later-Paleozoic times was greatly influenced by the 
orogenic phases. Practically the entire Plateau region of the Mid-continent 
WilS covered by epeiric seas since the general transgression of the 
Chattanooga (Jowermost-Mississippian) over a perfectly peneplained con­
tinent . Only in the Permian this came definitely to an end. There occurred 
one great intermedia te universa I period of emergence at the end of the 
Mississippian; all the others are local and transient. In genera!. the late­
Paleozoic seas. though very widespread. were shallow. and the sediment 
mostly fine silts . with only subordinate Iimestones. though these latter more 
open-sea, at least c1ear-water deposits became more prevalent at certain 
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horizons. Toward the southwest, however, in Texas and southern New 
Mexico, the Carboniferous and the Permian become ever more open-marine; 
limestones with a pelagic, though shaIlow-water fauna prevail. This general 
picture is 10caIly modified by the orogenic events. 

SUMMARY OF THE OROGENIC PHASES. 

I. Older-Carboniferous "WICHITA OROGENY" . 

This cycle comprises two distinct sub~phases: 
1) The first pulsation occurred in the latest~Mississippian (shortly 

befare Parkwood = post-Pitkin time); in this same period the Midconti­
nent Plateau bulged and became generaIly emerged. 

In the entire Ouachita system, this phase created .. the Ouachita flysch", 
derived from active erosion of newly uplifted chains far in the hinterland, 
exposing crystaIline and metamorphic rocks. The flysch was laid down in 
a practicaIly continuous geosyncline from Alabama and Arkansas to sou th­
western Texas". 

This phase is also indicated by minor disturbance in the southeastern 
chains of the Wichita system: the Red River ranges. 

2) PracticaIly without intervening break, the second pulsation arrived 
in the early-Pennsylvanian, at the end of Morrow time. 

This phase created a new system of folded chains over the fuIl length 
of the Ouachitas, clearly located in front of the older crystaIline ranges, 
and composed of pre-Carboniferous Paleozoic sedimentaries, including the 
flysch deposited as a result of the first phase. 

The erosion of these chains deposited " the Ouachita molasse" in a new 
foredeep, situated considerably in front of the earlier flysch-geosyncline. 

This second phase of the Wichita-orogeny was also the major 
diastrophism which created the chains of the Wichita system. 

The Wichita orogeny as such, though it is not possible to determine the 
actual sub-phase, aHected the entire Plateau region , creating innumerable 
minor structures, many of which appear as a rejuvenation of older-Paleozoic 
or pre-Cambrian structural features . 

A very faint precursory phase, in the early-Mississippian-late-Devonian 
is doubtfully indicated (Acadian orogeny?). There is also local evidence of 
slight warping by pre-Devonian (Caledonide) diastrophism. 

Continuous intermediate movements , becoming especiaIly indicated in 
later Canyon time, bridge the period before the advent of the second cycle. 

IJ. Late-Carboniferous " A RBUCKLE O ROGENY" and succeeding 
early-Permian phase. 

The Wichita orogeny was followed by a second intense phase in middle­
Cisco time, affecting the foreland, the Ancestral Rockies, the Wichita 
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system, and, particularly strongly, the Marathon branch of the Ouachita 
system, but neither the eastern Ouachitas, nor the Appalachians. 

In the southwest, in the Glass Mountains and in the chains of western­
most Texas and New-Mexico (Ancestral Rocky Mountain system) these 
movements continued over much of the earlier Permian. 

The Arbuckle orogeny, therefor. was a phase markedly expressed in 
the west, and apparently increasing in intensity and duration in that 
direction. 

The eros ion detritus of the uplifted chains of the successive phases of 
these Carboniferous orogenies was deposited in foredeep depressions. 
bordering the front of the mountains , and gradually moving farther outward, 
as folding and uplift affected zones successively farther out from the 
original range. 

The Ouachitas. including the Marathon mountains, had a notabIe effect 
of th is nature in late-Mississippian time; the development continued all 
through the Pottsville, when the Appalachians also became an souree region. 
The Ou·achitas became largely peneplained in the late-Pennsylvanian , bdore 
their rejuvenation in the Permian. 

The greatest topographic expression of the Wichita system, of the 
Ancestral Rocky Mountains, and of the Marathon Mountains was achieved 
by the Arbuckle phase in middle-Cisco time. Posterior uplifts continued 
during much of the Permian . A great belt of emerged highlands was formed 
in southern Oklahoma and northern Texas. and also in Colorado. spreading 
red , largely arkosic material. of ten heavily conglomeratie, .originating from 
deeply eroded pre-Cambrian formations , bared in the ridges and horsts. This 
erosion cycle, however, became insignificant shortly after the close of the 
Pennsylvanian , and was only rejuvenated by certain orogenic phases later 
in the Permian; the Wichita system had, apparently , ceased to be a source 
region before the final overthrusting of the Ouachita Mountains. 

The older-P ennsylv.anian foredeep troughs had been filled and flat tened 
out at the advent of the Permian, and a new broad depression, generally 
trending north-south in its major axis , gradually formed in western Texas, 
Oklahoma and Kansas , becoming particularly pronounced in the upper 
Permian : the great Permian Basin of the Southwest . Evidently this depres­
sion has a genetic relation with the pressures whi<!h created the ancestral 
and final Cordillera. (Very similar features were repeated in the Mesozoic 
and the early Tertiary along the eastern front of the Rockies, extending 
far into Canada) . 

This broad Permian basin became filled by seas, communicating with 
the open southwestern ocean, the Tethys, and also through more involved 
northem channds north of the swell of the Ancestral Rocky Mountains , 
with the northern Pacific. 

The uppermost-Pennsylvanian and lower-Permian sedim ents are still 
partly clastic material. derived from the high lands uplifted by the Arbuckle 
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phase in the Wichitas. the Marathon chains and also. farther to the north~ 
west. in the Ancestral Rockies. In the early~Permian. the great Permian 
Basin itself is filled by silts and finegrained sandstones. grading upward 
into limestones and dolomites. partly organic reefs. 

Already in the Wichita~Albany-Wolfcamp stage of the basal Permian. 
local desiccation products: dolomites and anhydrite. formed in outlying 
lagoons along the eastern and northern shoreline. The landlocked saline 
facies increases gradually: salt formed already in earliest Permian time in 
Kansas ; in Leonard time it crosses the Panhandle barrier into Texas. and 
great deposits were laid down from Kansas to northern Texas. In this way 
the great Permian Salt Basin at the Sauthwest was formed. with its 
enormous deposits of evaporites. reaching a culmination point in the upper~ 
Permian. in southwestern Texas and eastern New Mexico. The limestone 
facies retreated to southwestern Texas. in the Marathon region and the 
Sierra Diablo and Hueco Mountains; this is the region of the inlet channel. 
through which the salt sea was provided with a continuous influx of fresh 
seawater. to replace the water lost by evaporation. This inlet coincided with 
the Permian roredeep of the Marathon branch of the Ouachita system. 

111. The late~Permian ("ApPALACHIAN'''?) OROGENY. 

Late in the Permian. in Leonard time. widespread warping is in evidence 
over Kansas. OkIahorna. Texas. New Mexico and eastern Colorado. 
particularly expressed by a general unconformity. overlain by more clastic 
material: the San Angelo~Duncan~Glorietta beds. and by a marked influence 
on the redbed facies in the Permian Basin. This may be a counter-coup of 
the far away Appalachian orogeny. and mayalso coincide with a later 
phase in the final overthrusting ot the eastern part of the Ouachita moun­
tain system. which cannot be sharply dated in Oklahoma and Arkansas. 
(It is certainly late-Cisco in southwestern Texas at Marathon). 

A still later Permian movement. high in the upper-Permian. is indicated 
by unconformable overlap and local clastics: the Bissett conglomerates in 
the Glass Mountains. and overlap of the RustIer and Quartermaster for­
mations. Unconformities underlying the Whitehorse sandstone. and in the 
corresponding top of the Big Lime series of southwest Texas. seem slightly 
ol der. 

All th is relatively slight post-Arbuckle warping can only be observed and 
accurately timed in the Permian Basin. since outside of this depression. the 
Permian was either never deposited. or had been completely eroded before 
the transgression of the Cretaceous. 

The central chains of the Paleozoic mountains followed the same 
evolution as all other great orogenies in the world: they broke down and 
subsided . This had started already in the late-Carboniferous (Cisco). The 
central zones lie now at the bottom of de ep basins. filled with a great 
thickness of Cretaceous and Tertiary sediment. and not impossibly earlier 
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Mesozoics, and even Permian: the Gulf Coast Plain and the Rio Grande 
Embayment. 

Posthumous mOlJements are in evidence within these depressions, notably 
at the end of the 10wer~Cretaceous; they continue in the upper~Cretaceous, 
and all through the Tertiary. In the west~Texas and Oklahoma Permian 
Basin, Mesozoic or later movements are also indicated in the structures of 
the oil fields, which affect both the Triassic overlap and the Cretaceous. 
Along the Gulf coast, these movements are no rejuvenation of the Paleozoic 
structural trends, but mere relative displacements of buried block~horsts. 
moving as units which are rigid in themselves. The only instance of appa~ 
rent rejuvenation is in the Balcones Faults and related structures of East~ 
Texas. 

Volcanism is also in evidence in Cretaceous and T ertiary time in the 
sequence of the Gulf Coast Plain. 



APPENDIX. 

COMPARI'SON OF THE STRUCTURE OF THE PERMO .. CARBONIFEROUS 
MOUNTAINS OF THE SOUTH-CENTRAL STATES WITH SIMILAR TECTONIC 

FEATURES IN EUROPE AND NOTABLY THEIR EQUIVALENTS : 
THE V ARISCAN SVSTEM. 

In the foregoing pages we have had repeatedly occasion to co mp are some 
other, better known, and analagous mountain systems with those of the 
south-central States. Prolonged and detailed studies of the mountain chains 
of various orogenic phases in Europe have shown how very similar the 
general mechanical principles are on which they are constructed. In many 
ways the Permo-Carboniferous (Variscan) chains can be compared to 
Tertiary ranges Iike the Pyrrenees, the Alps, and the Carpathians. We have 
already discussed that the Ouachitas and the Appalachians in America are 
tn many ways similar in structure amongst themselves, and also compared 
to the great frontaI zone of the Variscan system of northwestern Europe. 
The American chains may even be genetically connected in some still 
obscure manner, with the contemporaneous mountains on the other side of 
the present Atlantic. 

EDUARD SUESS, in his classic: The Face of the Earth, included the 
Oklahoma moulltains , with the Appalachians, in his worldwide system of 
"the Altaids" . This idea was further developed, and in part modernised, by 
F. E. SUESS (96). R. STAUB (93) also discusses the North-American chains 
in their relationship to the general structural plan of the earth's crust. So 
do E. B. BAILEY, F. B. TAYLOR, E. ARGAND , H. STILLE, and others. There 
unmistakingly exist certain connections, involving forces acting on the en ti re 
crust of the northern hemisphere. We cannot enter into these problems 
further within the scope of the present treatise, but the writer wishes to 
emphasize the importance of a correct conception of the Paleozoic structure 
of the North-American continent for general geology, and the understan­
ding of the evolution of the earth . 

Here only structural and mechanical comparisons wiII be mentioned, 
leaving the 'original causes out of the discussion. 

As regards mere form , the wide swung loop of the Ouachitas is very 
much alike in general outline, and also in dimensions, to similar loops in 
the Variscan and also the Tertiary mountains of Europe. 

The arc of the Ouachita loop, Erom Atoka county to the Mississippi 
River , would measure about 300 miles, but extended to central Alabama, 
to connect there with the southern Appalachians, the arc would span over 
500 miles. 
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The loop of the eastern Variscan system of Europa, from the Vosges 
Mountains to Silezia, measures about 470 miles; the arc of the Alps Erom 
the Rhone River to Vienna, spans about 600 miles . The great western loop 
of the Variscan system, from the Central Plateau of France to its branches 
in Ireland , has about the same dimensions. 

The comparison of these European structures with those in America has 
offered to the writer many helpful suggestions for the solution of problems 
which face us there. The fact that a certain suppositive structure is an 
actual reality in one or more, generaUy comparable areas , offers a very 
acceptable check to one 's theorizing. It has always to be born in mind, 
however, when comparing Paleozoic mountain structures with such of a 
more recent origin, that the first have usually been eroded down very much 
àeeper into their foundations , and consequently show a different picture 
than younger chains, where more of the upper structure is preserved. 

Two major systems crossing each other at a considerable angle, as has 
been described for the Wichita and Ouachita ranges , is no exceptional 
occurrence. In America we see the northern Appalachians in N ew Found­
land crossfold the older Caledonian structure. In Europe something very 
similar happens in England. Crossfolding occurred in several localities, 
wh en the arcuate chains of the Alpides we re folded and th rust across the 
pre-existent Variscan structures. 

In the eastern Alps, we find not only tolerably weU preserved massifs of 
the older structures, but also the merging of two great , roughly contem~ 
poraneous, at least Alpide chains, which in part crossfold and overrun each 
other. Here we have (probably already since early times) two different 
elements which intercross : the generally east~west striking Alpides and 
the northwest~southeast striking Dinarides. Notably A. WINKLER (110, 
1928 and 112, 1929) has described and analized this complicated problem 
in a more recent genera I synopsis. Here the S ~ N push of the Alps is the 
paramount feature, possibly already in the Variscan basement, and 
notably in the Mesozoic~ Tertiary structure, whilst the greatly curved 
Oinaric strike, looped around and pushing toward the Adriatic depression , 
is the other factor . In the southeastern Alps, this has led to very complicated 
structure, including great incongruous overthrusts, which emphasize the 
complexities which arise out of intercrossing trends. 

The reiationship bet ween the western Aips and the Pyrrenees is again a 
different case of intercrossing trends , which, as the writer believes, can be 
particularly weU compared with the Ouachita~Wichita conjunction. Here 
also, two orogenies , and th is time also roughly contemporaneous, and at 
least belonging to the same Alpine cycle, meet at a high angle, without , 
however, exactly running into each other, as the eastern Alps and the 
Dinarides, but meeting each other more like the American chains. There 
still is a difference, however, since the American chains intercross far more 
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thoroughly. The picture is rather similar. Here we also have a (Tertiary) 
chain. the Pyrrenees. originating from a minor intra-continental foreland 
geosyncline. and a (similarly Tertiary) major system. the Alps. originating 
from a greater inter-continental geosyncline. the Tethys. 

R. STAUB (93) has recently summarized and analysed the structural 
relations between the Pyrrenees (with their presumable minor eastern 
branches) and the Alps. He considers the Pyrrenees as an intra-continental 
counter-coup of the terrific pressure of the Alps and their hinterland against 
the southern edge of Europe. The area intervening between the great Rus­
sian plateau and the Iberian-Amorican masses was. apparently. weaker 
than these two buttresses. regardless of the pre-existent complex 
of the Variscan system. This latter includes the very resistent 
unit of the metamorphic Massif of Bohemia. as a lose interjacent individual 
nucleus. Rigid fragments of the same unit seem preserved in the old horsts 
of the Schwarzwald. the Vosges and the central Plateau of France. Between 
these buttresses. the Alpide front surged forward in the enormous loop of 
the Alps and the Carpathians. very similar in outline to the loop of the 
Ouachitas in Texas. Oklahoma and Arkansas 1) . 

The projecting buttresses west and east of the arc cracked. however. 
They gave way. where intra-continental geosynclinal zones . superimposed 
on old structural lines in the pre-Mesozoic basement. had weakened the 
structure. Thus. in the west. the system of the Pyrrenees originated. and 
in the east. that of the Caucasus. They both belong to the general orogenic 
cyele of the Alpides. but they did not move simultaneously. and both began 
to give way already before the later. most clearly expressed final paroxysm 
in the Alps. The Pyrrenees show two important phases: middle Cretaceous 
and late Eocene- Iower Oligocene: the Caucasus already an upper Jurassic, 
and finally a pronounced lower Pliocene phase. The orogeny in the Alps 
was active from the middle Mesozoic on. with two principal phases. in the 
middle Cretaceous and in Oligocene-Miocene time. 

The similitude of this general structural p icture with the Wichita­
Ouachita plan in America. is obvious. regardless of the fact that the just 
described European aggregate belongs to the mainly Tertiary. and the 
American one to the late-Paleozoic revolution . Even details are comparable: 
we may venture to view the Ozark Dome as a replica of the part played by 
the Massif of Bohemia. and the rigid Hunton Arch as an equivalent of the 
eastern edge of the nucleus of the Plateau Central of France. The Pyrrenees 
die out in the west against the ol der folds of the Iberian Meseta. which cross 

I) The writer remarks again that he only discusses the mechanics of the indlvldual 
structures and not the ultimate causes of the creep. When he speaks of S ~ N pushes 
and pressure., he unterstands them relatively. and does not discuss whether, in ad absolute 
sense, 1 he northern continental masses drifted and pressed toward the south. as accepted 
by F . B. TAYLOR. or whether the southern Gondwana massifs drifted and pressed to the 
north in the sense of E . ARGAND and R. STAUB. Here we only Dote that a S ~ N effect 
is in eVidence, regardless of the primary cause. 
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their path almost at right angles . as do the blockmasses of the Ancestral 
Rockies west of the Wichitas. Farther to the south. the Alpide chains 
trend north-south. along the eastern side of the masses of Corsica and 
Sardinia. to resume a due westward course in the Baleares and the Betic 
Cordillera of southern Spain . almost exactly as the writer presumes for 
the western continuation of the Ouachitas into the Marathon region of 
southeastern Texas. after they swung around the buttress of the Llano 
Uplift 1). 

Although. naturally. the American structure varies in . a great many 
details . the general picture offers such striking mechanical analogies. th at 
the writer feels that . whether right or wrong. his genera) conception of the 
Wichita-Ouachita complex is neither impossible nor improbable. 

The writer is fully aware of the controversies. which still rage regarding 
the views of STAUB. which have largely been followed in th is construction. 
He may not agree himself with all of STAUB's theories concerning the struc­
ture of the Alps . However. he believes that the principles here referred to 
are sufficiently correct in their general effects. to permit their use for 
purposes of comparison. 

The entire problem of the Alpides is far from solved; we are only 
beginning to realize the full ex tent of its complexity. 

The Variscan structure in Europe. 

A concise synopsis of modern views regarding the Variscan mountain 
system of the European continent has recently been published in the 
english language by F. E. SUESS. in the symposium "The Structure of 
Asia". edited by J. W . GREGORY (96. London 1929) . The writer follows 
it closely in the following paragraphs. In addition. we may mention the 
standard publication of F. KOSSMAT (66. 1927) . and another short summary 
by W . VON SEYDLITZ (89. 1929) . Both the last mentioned papers contain a 
practically complete more recent bibliography on the subject. 
. It would take too long to discuss these mountains in any detail. but we 

may mention a few salient points. of particular importance to demonstrate 
the great analogy with the Permo-Carboniferous chains of the North 
American continent. Special reference should be made to the map in the 
cited paper by KOSSMAT. schematically followed in our Plate 9. 

Üke in America. the late-Paleozoic chains of Europe are now largely 
broken down; they have subsided. and only several fragmentary horst­
bloeks indicate the course of the buried mountains at the present surface. 
The boundaries of these horsts cut across the lines of the old plán and are 
autonomous in direction. The old Paleozoic trend seems completely 
solidified. 

The modern picture. as presented by the authors quoted. may be sum­
marized in the following paragraphs: 

1) See R. STAUB: 93. 1928. and F. BEYSCHLAG. W . SCHRIEL and H. STILLE : 17. 1925. 
See a150 our Plate 9. 

Verhand . Afd. Natuurkunde (2e Sectie) Dl. XXVII. CIO 
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1. The Frontal zone, pressed against the foreland, comparable to the 
f1ysch and molasse zone of the Alps . To th is belt belang the Variscan 
ranges of southern lreland, Wales and southeastern England, the coal­
fields of northern France, the Ardennes, the EifeL the front of the 
Rhenish Schiefergebirge, the northern Harz and adjacent ridges. The fore­
land is characterized in the west by the old rigid Caledonide mass of the 
Brabant Massif, extending from the Meuse River into England. (105) 

This frontal zone is a truly folded orogeny, with very conspieuous thrust­
sheets, consisting of a Variscan "f1ysch", made up of lower-Carboniferous 
(Culm) and older sedimentaries, pushed over and against a depressed 
foreland , which was, afterwards, covered by a great thickness of "molasse"· 
the coalmeasures of southern England, France, Belgium, Hoiland and 
Westfalia. Batholithic intrusions do not occur in this zone. 

The Culm-facies : marine arkosic sandstones, graywackes and shales, is 
replaced away from the mountains, by the Carboniferous Iimestone facies of 
the foreland. This fact, clearly established in Europe, is identical with what 
we described for America. In Belgium and northern France, the Culm­
facies is not visible: the limestone facies lies directly in front of the over­
th rust mountains and is even involved in their outer zone. The over­
thrusting has been intensified here by the buttress of the Caledonide 
Brabant Massif. To the east of th is buttress, in Westfalia , where over­
thrusting is less intense, the Culm facies is widely exposed, in the 
foothill zone as weil as in the mountain front. (105) 

2) The next zone to the south, the "Rheno-Hercynian Belt", has al­
ready been lifted from greater depths , and beg ins to show metamorphism. 
Far reachingoverthrusts occur here, but being less conspieuous in these 
metamorphosed rocks , it took much longer before they were recognized. 

To this second zone belong the early-Paleozoic sediments of the southern 
belt of the Rhenish Schiefergebirge and the Taunus Mountains, and the 
main mass of the Harz Mountain horst. Here a few restricted batholiths 
already make their appearance, particularly in the Harz. 

3) A third "Saxothuringian Zone" has been pushed northward against 
the second belt. Originally these rocks had been depressed to still greater 
depth .. This zone is characterized by the predominanee of crystalline rocks 
and much more batholithic intrusion . There is overwhelming evidence that 
this already higly metamorphic zone consists of a system of great overthrust 
sheets, pi led up and driven northward. The core and foundation is formed 
by the gneiss arches of the Saxon Erzgebirge: a system of flat overthrusts, 
covering the altered cores of granite, to a certain ex tent comparable to 
the Pennine gneiss arches of the SimpIon reg ion in the Alps. 

4) A fourth "Moldanubian Zone" occupies the whole of the Massif of 
Bohemia to beyond the Danube River, and also reappears in the Schwélrz­
wald and the Vosges . The main portion of the Central Plateau of France 
also belongs to it. 

These masses must have been elevated from still greater depths . Granites 
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now attain an enormous extension. These intrusions are surrounded by 
crystalline rocks, the result of katametamorphism (in the sense of BECKE: 

through high temperature rather than by pressure ) of. possibly, old Paleo~ 

zoic and pre-Cambrian sedimentaries. This resistent Moldanubian block 
has been pushed forward as a rigid unit against the series of blanketing 
slices, which make up the Erzgebirge. All these masses must have been 
moved forward over very considerable distances. This great, now generally 
eroded nappe has left "klippen"-remnants far to the north: the gneisses 
of Münchberg in the Fichtelgebirge; even small outliers of crystalline 
shists in the Spessart and the northern Odenwald, near Darmstadt. are 
considered as belonging to this thrust. The Saxon Granulitgebirge, 
south of Dresden, is also considered by some as an outlier of this 
sheet ; with more certitude this can be assumed for the Eulengebirge 
of Silesia. These outlying klippen demonstrate an original ex tent of 
this nappe of at least 150 kilometers in front of its present continuous 
exposure. It has been compared to the Austride nappes of the Alps (after 
the conception of the Swiss geologists ). That the present Moldanubian 
complex, or at least much of it , is not autochtone, but itself also a Hoating 
nappe, is suggested by the fact that on the ea ste rn side of the a rc, it 
appears to override an entirely different system: the Moravo-Silesian range, 
a truly folded and overthrust chain of Alpine type , not only thoroughly 
discrepant in structure and exotic as to its sediments, but even belonging 
to a different magmatic province . 

This southern intrusive zone continues a long distance to the south, and 
is finally overrun by the fronta l folds of the Alps. To it belong the e ntire 
southern portion of the French Plateau Central. as weIl as the great 
autochtonous massifs in the western Alps, from the St. Gothard, the Aar 
mass if and the Montblanc, as fa r as the M ercantour. 

This reg ion seems to merge into a genera l hinterland , elevated from 
great depths and so thoroughly changed by repeated metamorphism, that 
any general strike is lost. The katametamorphic recrystallisation of the 
shists has caused the now apparent strike of the rocks to conform more to 
the outlines of the greater granite batholiths, than to any anterior directions 
which may have existed. Most of the older structure and the sedimentary 
facies have been obliterated and replaced by a la ter rearrangement. 

Conditions of this nature must be fairly general in the earth 's crust at 
medium depth. They are now exposed on th e surf ace in many other regions, 
where deep zones have become exposed through regional doming . These 
rocks are not necessarily Archean , whereever they farm part of an exten­
sive orogeny. Their metamorphism dates chieHy from the orogenic phase 
of the structure, and any of the older Paleozoic sediments (or even Meso­
zoic for the Alpides ) may be incorporated in these shists. This same con­
dition is suggested for part of the eastern , highly metamorphosed sequence of 
the southern Piedmont hinterland of the Appalachians, which seems to have 
many points in common with the more central Variscan zones of Europe. 
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The Massif of Bohemia. as weil as the Central · Plateau acted as rigid 
units. resistent to true folding. but nevertheless they were pushed forward . 
The earl ier sliding movements were obliterated by the metamorphism. but 
movements of later ph as es were preserved in the form of thrustplanes. 
mostly accompanied by zones of foliation and mylonites. as ihe great over­
thrusts near St. Etienne in the Plateau Centra!. and the flat thrust. with 
a broad mylonite zone. in both the southern Schwarzwald and the Vosges. 
These thrusts themselves are traversed by the la test granite intrusions. 
These latter we re contemporaneous with the latest phases of the 
diastrophism. 

All this is very difficult to unravel with any certitude: it will long remain 
a subject of controversy to distinguish between ol der orogenies and move­
ments belonging to the Variscan cycle. This is also the case for the Alpide 
complex of the Eastern Alps . 

5) KO SSMAT distinguishes still a fifth zone: the "Paleodinaric B elt". 
south of the central Moldanubian Zone. in the Carnian Alps. the ancestral 
pre-Alpide basement of the Pyrrenees. and in Asturia. This is the southern 
sedimentary flank of the central chains of the Variscan system. nearer to 
the southern shoreline of the Paleozic Terhys. It again contains paralic. as 
weil as marine Carboniferous and Permian. 

In the Alps. th is zone is much obscured by the Tertiary orogeny. and 
its interpretation in the Eastern Alps is still much in dispute (112). but the 
~ood sections in Spain. also of a Dinaric type. seem very representative. 

Posterior subsidence. 

Already in the uppermost Carboniferous and basa ! Permia n. part s of 
the more central zones began to break down in wide depressions; intra­
montane basins were Wied with upper-Carboniferous and Dyassic coal­
measures. and other lower Permian sediment. They are characterized by 
effusives of porphyry. The coarse erosional detritus of the higher ranges 
forms the Dyassic "Rotliegende". which . however. has in turn been largely 
reduced by post-Permian erosion. and. therefor. seems so much less signifi ­
cant than the equivalent enormous molasse deposits of the younger Alps. It 
has been pointed out that the same applies. probably. to the Permian erosion 
detritus. which must once have been deposited after the great final over­
thrusting of the American Ouachita system. It is significant. how extremely 
little of th is Dyassic material is left in the outer Variscan zone of northern 
France and of Westfalia : onlya few very small patches. preserved in down­
faulted depressions. The larger remaining deposits are all confined to 
basins within the interior zones. which were already breaking down. whilst 
the frontal belt was still rising. In Europe. where these centra I areas are 
accessible to observation. we know that the sea broke in. and deposited the 
saliferous upper-Permian Zechstein. and later Triassic (also with local 
saltbeds in the Röt). Jurassic and Cretaceous. and finally Tertiary. In the 
south-central States of North America. we described exactly the same 
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development for the Cretaceous and the Tertiary. and we suspect the 
presence of Permian or Triassic. as a source of the salt plugs of the Gulf 
Coast. We even have middle-Cretaceous and Tertiary folding of these 
sediments. strangely synchronous with the posthumous phases affecting 
the European basins and. apparently influenced by buried horst-blocks of 
the Paleozoic structure. 

The enormous width of the orogenic zone and the ex tent of compression 
demonstrated by the overthrusts. indicate that the late-Paleozoic 
diastrophism of Europe (and in fact of all Eurasia) was certainly of no 
Jess importance than the Alpine revolution. rather still more so. If the 
present Alpine chains were abraded to some 5000 to 10.000 feet Jower 
levels. they would surely present a very analogous picture. In many 
respects the chains are entirely similar. This applies espêcially to the 
Carpathians. as was alr~ady mentioned by KO SSMAT. 

Time of the Variscan orogenic phases. 

In re gard to the time of the Variscan diastrophism. we have another 
analogy with the Alps. and also with the American late-Paleozoic chains. 
In each case. the orogenic process. though pulsating. has continued for a 
very long period and has still been outlived by the period of magmatic 
intrusions. In each case. the rising mountains have been. intermediately. 
submerged under extensive transgressions. which divide the folding process 
into two major phases. with intervening minor movements. 

In the Variscan mountains. the earlier ph ase is the widespread uncon­
formity of the Jower Carboniferous. the Dinantian-Culm overlapping the 
various deeply eroded older elements. In the Alps. we have. as an earlier 
phase. the unconformity preceding the deposition of the upper-Cretaceous 
Gosau beds. In both cases there is a migrating foredeep. moving ever north­
ward in front of the thrustmasses. and filling with detrital sediments from 
chains back of it . to become finally folded and overridden itself by the 
later orogenic events. The older phases are the most prominent in the more 
centra I zones. the frontal ranges are only aHected by the final climax. 
that ends the mountain building cycle . immediately precursory. if n.ot even 
contemporaneous. with the breaking down and subsidence of the entire 
structure. notably in the interior zones. 

The analogy with what we described in deta il for the Ouachita mountain 
system. as weil as the Appalachians of America. is obvious. and very 
suggestive. 

H . STILLE (95. 1925) has analysed and correlated the orogenic phases 
of geologic history all over the world. Even if his picture may appear 
somewhat far fetched for a multitude of minor phases. the synchronism of 
not only the major cyc1es. but also of the culminating phases . is remarkable. 

STILLE defines the culminating phases of the Variscan orogeny as follows 
(the ones in bolder type are the most important): 
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BRETONIC PH ASE : between upper~Devonian and lower~Carboniferous: 

SUDETIC PHASE : between the lower~Carboniferous and the lower 
upper~Carboniferous ; 

ASTURIC PHASE : in the uppermost portion of the upper-Carboniferous; 

SAALIC PHASE : in the lowest Permian (Dyas) ; 
PFALZ PHASE: in the higher Permian. between Dyas and Zechstein. 

The oldest. Bretonic. phase is particularly important in several of the 
more central s tructures. The outer Westfalian zone is specially aHected 
by the Asturic ph ase only. The foredeep was finally overrun by this 
folding ; it shows no unconformities of an earlier date within the more than 
12 .000-15.000 feet of lower~ and upper Carboniferous strata. which fill 
this trough . In Belgium and France. the Caledonide Massif of Brabant 
buIg es as a regional uplift in front of this foredeep. The Coal Basin has 
been squeezed into a narrow. deep and much broken trough between this 
massi! and the masses overthrust from the south. These conditions continue 
in England and Wales. East of the Brabant Massif. in the Rhineland and 
in Westfalia. the front is open. causing the coalmeasure belt of the Ruhr 
to widen. and the whole range to sweep farther to the north in a broad 
swung arc. The analogy with the Wichita~Arbuckle mountains and the 
Ardmore Basin is again very obvious. 

Some of the s triking analogies between the Variscan orogeny of Europe 
and that of the American chains are summarized in the following Table XV. 

Finally. it is not without interest to noee how in the hinterland . that is 
to say over the central chains of the Ouachita Mountains . the thick Meso~ 

zoic and Tertiary blanket has again become affected by later folding . ex­
actly as in Europe. There. the Alps have largely an autochtone that was 
already a part of the Variscan system. before it became the site of the 
Mesozoic Tethys. a fter the Paleozoic chains broke down. Out of this new 
inter-continental geosyncline. the Alps rose. 

In Europe. the Alpine compression. evidently. was far greater than in 
America. The great northern arc of the Alps and Carpathians encroaches 
far upon the Variscan structure. In America the Alpide chains remain 
altogether south of the Gulf of Mexico. in Chiapas. Guatemala and Hon~ 
duras. and spread in grea t virgations through the West Indies. The 
development of the Cretaceous~ Tertiary Tethys. however extended far 
more to the north. This facies is in evidence all over Mexico. and begins 
to show already in New Mexico. Texas and Louisiana. The Gulf Coast 
and Rio Grande depressions belong already to the shelf area of the Tethys. 

The major phases of the Alp ine chains of Europe fall in the middle 
Creta ceous and in the middle Tertiary. In Central America the principal 
phase seems to occur between Eocene and Oligocene. succeeded by less 
important later Tertiary movement. (This does not exclude a possibly 
still unknown Mesozoic phase). 
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TABLE XV. 
SUMMARY OF THE ANALOGIES BETWEEN THE LATE-PALEOZOIC 

OROGENIC SYSTEM OF NORTH-AMERICA AND THE V ARISCAN 

ALTAIDS OF EUROPE. 

PERMO-CARBONIFEROUS CHAINS OF THE SOUTH· 

CENTRAL STATES AND THE RELATEO APPALACHIANS 

ACADIAN PHASE: Pre-Mississippian. 

Most pronounced in northem New-England, New-Brunswick, 
New-Poundland; extends southward into the -hinterland of the 
Appalachians of Pennsylvania. 

Insignificant, if at all represented, in other areas subject to 
observatioD. 

In the foreland, lower-Mississippian rests unconformably on 
Devonian or older strata in the enti re Mid-Continent: th is 
Chattanooga unconformity is largely a wide-spread quiet trans­
gression, without indications of orogeny. 
In the Ozarks, and on the Hunton Arch, disconformities exist in 
the early-Mississippian, as weil as at the base of the Wood ford 
(Chattanooga) . 
In the L1ano-Bumett region, Mississippian (Bamett) unconformably 
overlies the Ellenburger (Ordovician) . 
No indications of movements are knawn in the Ouachita or 
Wichita systems. 

WICHIT A OROGENY: middle-Carboniferous. 

I. FIRST PHASE : 

at the end of the M ississippian (post-Chester) . 

Not directly visible in the exposed portion of the Ouachita system, 
but must be strongly represented in the hinterland. 
Chains of this phase accoun-t for the enormous upper-Mississippian 
orogenic fly sch of the Ouachita Mountains (Jackfork-Stanley ) , 
becoming increasingly clastic toward the south, and originating 
from crystalline and metamorphic mountains. The f1ysch is un­
conformabIe on Devonian (or possibly lower-Mississippian). 
Entirely similar f1ysch in the Marathon Mounfains (Tesrrus­
Dimple), unconformable on Caballos Novaculite (Devonian). 
Indicated for the hinterland of the southern Appalachians, by 
similair, though less pronounced phenomena in Alabama (Park­
wood-f1ysch) . 

Indicated for the Wichita system, by unconfonnity underlying the 
Bend on the Red the River Arch, and possibly by the absence of all 
Mississippian, Devonian and Silurian on the f1anks of the Wichita 
Mountains 

VARISCAN ALTAlDS OF EUROPE 

BRETONIC PHASE. 

between upper-Devonian and 
lower-Carboniferous (Culm). 

Generally not important. 
Mostly in evidence in more 
central zones. Most pronounced 
in Brittany. 
Inclicated in the Rheinische Scbie­
fergebirge, in the Unter-Harz, in 
the Sudeten; 
problematic in Saxony and in 
the Vosges. 

SUDETIC PHASE : (undiffer­
entiated) . 
between lo wer-Carboniferou3 and 
10wermost-upper-CBrboniferous. 

Principal Variscan phase in 
central zones of Germany, but 
absent in the frontal zone, from 
Wales to Westfalia; also absent 
from the coalmeasure belt in the 
foredeep, but indicated as source 
of the great orogenic deposit of 
the Culm and the Coalmeasures. 
Important in the R,heinische 
Schiefergebirge, Harz Mountains, 
Schwarzwald and the Vosges. 
Undetermined, but probably 
represented in Centra! France. 
Less important, but indicated in 
the Sudeten and in Saxony. 
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TABLE XV (Continued) . 

PERMO-CARBONIFEROUS CHAINS OF THE SOUTH­

CENTRAL STATES AND THE RELATED APPALACHIANS 

2. SECOND PHASE: in lower-Pennsylvanian ; 
between Morrow (Bend) and lowermost-Strawn (Atoka). 

Strongly in evidence in the entire Wichita system: Wichita 
Mountains. Criner Hills. Red River ran-ges. 

Not directly visibIe. but c1early represented in the intermediate zone 
of the Ouaohita system. creating mountains composed of old­
Paleozoic sedimentaries. and also of flysch ; the erosion products 
are deposited as the Ouachita molasse, in southeastern Oklahoma 
and Arkansas. East-Texas. and Marathon. 

In the foreland : 
generally. the two phases of the Wichita orogeny are not different­
iated in the foreland. but two oscillations of the shoreline are iIJ 
evident relationship to the two pulsations in the mountains. 
Only in the L1ano-Burnett massif. both phases are indicated by 
unconformities overlying and underlying the Bend. 

Unconf01'l11ities. indicating the lower phase. are absent from the 
foredeep of both the Ouachita and Wichita systems: the Ardmorc 
Basin. Arbuckle Mountains. Coal Basin. and the Glass Mountains. 
The upper phase is indicated by unconformify, overlying the 
Springer in the Ardmore Basin. 

Parther ouf on the Plateau, the Wichita phase. undifferentiated. is 
represented in many blockfault uplifts all over the region. notably 
in the Hunton Aroh. including the northem Arbuckles. north­
central Oklahoma. tlhe Salina Basin. and the Nemaha reg ion ; 
also in !!he Ancestral Rocky Mountains. . 
It is not possible to differentiate here between the two phases. 

since the Bend and lower Strawn strata are all absent. 

Only slight unconformities eXlst in the foreland of the Appalachians. 

ARBUCKLE PHASE: 
in uppermost Pennsylvanian (earl y-Cisco) . 

Important in Wichita system: Wichita Mountains. Ardmore Basin. 
Red River chains. Amarillo Mountains. 

Very important in Marathon Mountains, and their foreland as far 
as Reagan county. 

Important in Ancestral Rocky Mountains : and related chains. as 
Hueco and Guadalupe Mountains. Chinati Mountains. etc. 

VARISCAN ALTAlDS OF EUROPE 

See preceding page. 

ASTURIAN PHASE: 
in uppermost upper-Carbonifer­
ous. 

Principal phase in outer frontal 
zone from Wales to the Ruhr 
Coal Basin. 
(Exact time of this folding is not 
weil proven; certain is only that 
it occurred previous to the Zech­
stein and the Dyassic conglo­
merates.) 
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TABLE XV (Continued) 

PERMO-CARBONIFEROUS CH!\INS OP THE SOUTH­

CENTRAL STATES AND THE RELATED APPALACHIANS 

Absent or quite indistinct in the Ouachita Mountain system, east 
of the Marathon reg ion, and in the Appalachians. 

The Arbuckle phase is restricted to the west and southwest. 

Important in Spa in (southern­
most belt) , but only faintly 
indicated, or absent, in central 
Variscan belt. 

SAALIC PHASE : 

in the lower-Permian (Dyas). An early-Permian orogeny is not indicated by any important folds, 
but warping, emergence and erosion continued spasmodically in the 
Wichita, and notably the Marathon systems: conglomerates in Hess 
and Leonard formations in the Glass Mountains; unconformable 
overlap overlying the Wolfcamp formation. 

Apparently only unimportant 
movements in centra! Variscan 
chains. 

APPALACHIAN PHASE : 
between lower-Permian and base of Triassic. 

M ain folding and overthrusting in the entire front of the Appalachian 
chains; cannot be accurately timed. 

Possibly, a final overthrusting of the Ouachita front occurred in 
this phase. 
The overthrustin{J in the Marathon Mountains (Dugout Creek 
thrust) is not in this phase, but pre-Wolfcamp, late in the Cisco. 

Several pulsations are in evidence within the Permian in the 
Salt Basin : 

1. Unconformity overlying the Bonespring Iimestone in the 
Guadalupe Mountains ; 

2. Unconformable overlap of the clastic San Angelo formation in 
Texas = the Duncan formation in southem Okiahorna; marked 
change of facies in the Salt Basin. 

3. Breaks at the base of the Whitehorse, and apparently uncon­
formable transgression of the RustIer and Quartermaster formations. 
The unconfonnity of the Bissett conglomerates in the Glass Moun­
tains is probably the same, but may be younger. There is still 
later, post-Bissett, but pre-Triassic disturbance in West-Texas. 

These movements are only visible in the Salt Basin, where the 
contemporaneous Pennian is present. 

PFALZ PHASE: 

in the higher Permian. 

Unimportant movements 
central Variscan chains. 

The folding in the Salt Basin continued af ter the Permian . Structural folds affecting the oil 
field structures of southwest-Texas (notably investigated in the Hendricks Pool) are post­
Triassic. 

They strike generally NW-SE and are quite at an angle to the Cordilleran trend. 
The same rnovenents rnay affect many of the oil field structures in central Texas ano 

southem OkIahorna, where the absence of Triassic does not permit exact timing of the pre­
Cretaceous folds, affecting Permian and Pennsylvanian strata. 

in 
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Surely, the hinterland of the Quachitas was not disturbed by any serious 
orogeny, at the time of the orogenic paroxysm of the European Alps, and, 
in comparison, deformation is insignificant. Yet , we note the same two 
phases which are so prominent in the Alps : one affecting the lower Creta­
ceous before the deposition of the upper Cretaceous, and another one in the 
Oligocene and Miocene of the coastal zone. 

It is only to be expected, that the orogenic pressure, in both the late 
Paleozoic and the Tertiary cycles, affected the south-central States of 
North America less than southern Europe. We miss the tremendous 
vise jaw action between Gondwana and Eurasia in this extreme western 
portion of "Laurasia" . Although the relations are far from cleared, it is 
evident that on the western side of both the American continents, entirely 
different conditions arise, which will surely have prevented the South 
American mass to play as great a part as the central bulk of Gondwana. 
Nevertheless, the general picture remains closely related. 

The American foreland of the Tethys chains of the Alpides is extremely 
similar to that of Eurasia: an ancient plateau region, bördered by a wide 
zone of late-Paleozoic folding.The difference is , that in Europe, the Alpides 
encroach far over this foreland, by the enormous northward pressure of 
their hinterland. The post-AI pide Mediterranean rift lies largely within 
the Alpine system. 

In America, the Alpides stay farther back, the northward pres su re is less 
violent and the rifts of the latest, recent Tethys spread over a wider zone, 
both north of and within the Alpides; farther west, the rifts merge into 
the Pacific. The Gulf of Mexico lies entirely north of the Alpides . 

R. STAUB has lately advocated very similar views (93 , 1928, pp . 
101-110). 

CLOSINO REMARKS. 

The writer hopes that, by the present analysis and discus sion of the 
southern province of late-Paleozoic orogeny in North America. he may 
have contributed to the understanding of the westernmost branch of this 
so very important world-wide revolution. At the same time, he is very 
cognisant of the probable defects of his conclusions, based as they are on 
so scanty information. Fundamental problems and controversies still 
remain un solved for mountain systems as the Variscan an Alpine ch2ins 
of Europe, which have been the tilting ground of the world 's best geological 
talent for over a hundred years . The problem of the Alps shows its com­
plexities ever more, as detail work provides us with a greater store of ,veIl 
established facts . Increasing knowledge of the details of what is left ex­
posed of the great Paleozoic Variscan system, continuously opens new 
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riddles, and impresses the student with a realisation of the enormous im~ 
portance of these ancient structures, now disguised as mostly insignificant 
and but poorly rejuvenated hills. So we may not wonder that the relatively 
hasty work of only comparatively few geologists, mostly worried by many 
other demands up on their time, has not been able to solve the problems 
presented by the orogeny in the western hemisphere. 

The writer is aware that his treatise is only an initial attempt to correlate 
and explain the structure and history of the Paleozoic orogenies of the 
south~central region of the North-American continent: a synopsis and 
a theory, useful for future discussion of the problems, rather than a final 
solution. He hopes that the unsolved riddles, or disagreement with his 
views , will be a stimulus to continued research , and that he may at least 
have pointed a way. The petroleum industry, which we have to thank 
so largely for our present knowledge of the buried features, should be 
greatly interested in a further unravelling of problems, which must lie at 
the bottom of every wide swung exploration. \Ve are already assured th at 
the Paleozoic orogenies con trol the accumulation of these valuable fuels, 
even far in the foreland of thc actual chains. 
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