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I. 

HIS'l'OIUCAL SUMMARY. 

Since the days of Marco Polo, but pal'ticularly smce the end 
of the last century, Burma al ways had a gl'eat attraction for Euro
pean tl'avellers, but though almost every one of them has told his 
experiences in a more or less graphic mannel', the geology of the 
country remained, except for a few casual observations, almost 
unkown. 'l'his is the more remarkable, because BUl'ma has always 
had a great great reput.ation for its mineral wealth, and to gather 
informatioll about it was the ultimate object of maily a journey 
into unkowll RUl'ma. Some . of the eal'lier books arc most glowing 
in their accounts of the mineral wealth, but recent researches have 
proved how exaggerated these reports wel'e, and have furthel' pro
ved of how unreliahle a nature all geological observations are, 
which have not heen made by a trained geologist. 

Many are the notes on the Geology of Burma, but until the 
country was occupied hy the British Government, only two trained 
geologists have written on the subject. Mr. Crawfurd who travel
led in Burma in 1826 1) apparently brought back a good collec
tion of specimens, among which thel'c were llUmerous fossÏl bones 
from the rrra waddi series near Yen a n g y 0 u n g. 'l'his collection 

1) Journalof an Embassy from the Governor-General of India to the Court of Ava 
in 1827. 4" London 1829. 

B 1'" 



4 1'HE MIOCENE OF BUll.MA. 

was examined by Dr. Buckland who was able to distillguish eight 
different formations. Considering the prilllitive state of the geolo
gical science at that period, it is astonishing how accurately the 
geological outliries of Burma are as given by Dl'. Buckland. If hc 
had not been led to believe that the fossil bones were found in the 
diluvial beds, he would have already fixed the two great groups 
into which the 'l'ertiaries of Burma can be divided. 

About a qnarter of a century later, Burma was visited hy the 
late Dr. Oldham, who laid down his views in his notes on the 
Geologieal features of the banks of the lrrawaddi in Yule's farnous 
book on Burma 1) . Dr. Oldham's examination was necessarily a 
rather limited one, hecausc the Burmese Government would not 
allow him to go beyond a very short distance from the banks of 
the Irrawaddi. Notwithstanding this disadvantage Dr. Oldham's 
Jlotes are fuIl of valuable observations, but it is obvious that he 
conld not enter into details. 

It was not until some time after the annexation oflower Burrna 
and aftel' the country had been visited by Messrs. Blanford, Fedden 
and 'l'heobald, that an accurate knowledge of at least the southern 
part of Burma was obtained. As the 'fertiary formation almost 
entirely composes the old province of lower Ol' British Burma, the 
first subdivision which was established by Mr. Theobald in his 
memoir on the Geology of Peg u 2) refers only to this particular 
part of country. He proposed the following suhdivision in descen
ding order; 

2. Younger 'l'ertiary formation. 

1. Older rfertial'y formation. 

Fossil Wood group. 
Pegu gr01tp. 
NUiil1J/ulitic qroup. 

Mr. 'fheobald considers th at the NUJJl1llulitic group represents 
the Eocene, the Pegu-group the ~Iiocene and the Fossil Wood
grollp the Pliocene. In the above subdivision thc division of the 
Burma 'l'ertial'ies in three grollps is already markedly expressed, but 
Mr. 'fheobald, who cOllsiders all the stratH above the Nummulitic 
rocks as Younger 'l'ertiary, thus includes marine and ftuviatile beds 
in one subdivÏi;Ïon. It is of course perfectly correct t.hat both the 
Pegu-group and the F08sil Wood-grollp represent the Younger 

' ) Yule, Narrative of tbe miSSlOn sent by tbc Governor-General of India to tbe 
Court of Ava in 1855 witb notices of tbe country, government and people. 4° London 
1858. Appendix A. pag. 307 and pag. 19-22. 

' ) Gcology of Pegu, Mem. Geolog. Survey of India 1873 vol. X. 
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'J'ertiaries but theprinciple of subdivision which I adopted, based on 
the great faunistic differences existing bet ween the F088il Wood
group on one, and the Pegu- and NUlJllJlulihc-groups on the other 
hand, answers much better to a natural subdivision than Mr. 'l'he
obald's. It is further almost certain that not thc entire 'l'ertiary 
formation is included in the above delimitation . Jf not the whoie , 
at least the upper part of the "Axial gl"OUp", which Mr. 'l'heobald 
on the evidence of a misinterpreted fossil considered to be of 'rri
assic age, belongs to the Lower Eocene. This question is not quitc 
settled yet, we know for certain that the "Axz·al gl"OUp" is not 
'l'riassic, but whether it belorlgs to the 'l'ertiary formation through
out, or whether, as I believe its lower part belongs to the Cre
taceous formation, must be left to future researches for decission . 
There is also some uncertainty with re gard to Mr. Theobald's 
"Negrais" rocks, which are probably only metamorphized Eocene 
beds, but not having seen them, I cannot offer any definite opinion 
on this subject. 

Mr. 'l'heobold has divided both the Pegu and the F088il wood 
group, the first into two, t.he second into three subdivisions, but 
being based almost solely on lithological characters, both can hardly 
claim more than alocal importance. 

After Mr. 'l'heobald's memoir had been published, fllrther geologi
cal researches in Bllrma came to a st.:'lndstill, until they were again 
resllmed after the annexation of upper Bllrma. Thc late Mr .. Tones 
was the first geologist, who explored parts of Burma, hitherto un
known, hut though ,uiting an elaborate paper on the oecurence 
of coal in the Y a Dl e t h i n district, he was hy his untirnely death 
prevented, to summarize his views on the rl'ertiary formation . 

I was deputed to Bllrma early in 1888 w here I was engaged 
in geological researches up to the heginning of 1895 and I puhlis
hed my views in various papers, the titles of which will he found 
among the litterary references at the end. 'l'hough almost in every 
one of thern reference is made to the Tertiary formation, I embo
died my views on its development and subdision in a special 
paper 1). FUI-ther details, particularly about the development of the 
Tertiary formation in the petroliferous regiol1s of Yen a 11 g Y 0 u n g, 
Y enangya tand Min h u will he fOUlId in my memo ir on the 
occurence of petroleum in Burma 2), and quite lately a paper by 

') The Development and Subdivision of the Tertiary System in Burma. Record. 
Geolog . Survey of Iudia 1895 vol. XXVII pag . 59 f. f. 

» The occurence of Petroleum in Bnrma and its technical exploitation. Mem. Geolog. 
Survey of India 1898 vol. XXVII. pag. 47 f. f. 
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the late Mr. Grimes on the Geology of parts of M yingyan, 
Mag w e and Pak 0 k k u Distriets, which contains· some important 
details on the development of the Proilleian and Yenanflyoungian 
has been published 1). 

On the following pages I have attempted to summarize all the 
observ-ations contained in the above mentioned papers, and so far 
I have IlO reason to change the principles which guided me in rily 
first subdivision of the Burrna 'l'ertiaries. My views are now better 
supported by palaeontological evidence as before, because I have 
since examilled alld descrihed Mr. rl'heobalds collections from lower 
Burma, Mr. Grimes collections from Yenangyat and Sin g u in 
connection with my own collections from Yenangyat, Singu and 
MinbIl. These collections comprise chiefly Miocene fossils and thus 
thc Peflu-Division of the Burma Tertiaries is rnuch better known 
at present, thall any of its other pruts. But though our know
leclge has been considerahly aclvanccd sin ce my first paper on the 
subdivision of the 'l'ertiary formation has been published, I opillp. 
that still a tremendous work lies in front of us, till we arrivc at 
anything like a satisfactory view of the development of the 'l'ertiary 
Jormation ill Rnrma, in as much as the whole of the Eocene and 
Pliocene is aU, but unworked ground. 

Il. 

'l'HE DEVELOPMENT AND SUBDIVISION OF THE 'l'ER'rIARY 
FORMA'l'ION IN BURMA. 

Before proceeding to the discussion of the Miocene formation as 
represented in Burma, it will be useful to give here the main 
features of the suhdivision of the whole of the 'l'ertiaries as set 
forth hy me, not only because it will save a constant reference to 
my first paper, in which I laid down rny views on th is subject., 
but also because the principles which have guided me wiU be 
better understood. 

Whercver in Burma a complete series of the rl'ertiary formation 
is developed and weU exposed, two groups can be recognized and 

') Gc()logy of parts of the Myingyan, Magwe and Pakokku districts Bnrma. Mem. 
Geolog. Survey of India 1898 vol. XXVIII pag. 30 f. f. 
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distinguished with the greatcst ease. Both differ widely in their 
faunistic character and in a broad sense alsu, in their lithological 
features, rendering it al most certain that they are of a different 
ongm. 

z. The Upper group contains chiefty remains of terrestric ani
mals mixed with species leading a jluviatile life; but the former 
are considerably in the majority. Lithologically arenaceous beds 
Qf yellow colour prevail; more subordinate arc olive coloured argil
laceous beds, in addition to which ferruginous conglomerates of a 
dull-red colour are not unfrequcnt. This series must he considered 
as of decidedly ftuviatile origin. 

1. 'fhe Lower group is characterised by a marine fauna of 
distinctly littoral facies, acharacter whieh locally undergoes a change 
indicating estuarine origin. Lithologically bluish or grey tin ges 
prevail, and thc strata are decidedly of marine origin, notwith
standing the estuarine element towards tbe top. 'fbe above features 
ares summarized in the following tahle: 

______ J Chamcter of Fauna. I Colour of Setliments . Origin of Setliments. 

I 

Terrestric I I Upper group. & ftuviatile. Yellow, Olive, Rerl. Fluvialile. 

Lower group. ·· 1 ~arine & Estuarine·1 . Bluish & Grey·- I - · ~\1arine~-

Notwitbstanding these enormous differeuccs in the total character 
of both groups, the llpper seems to rest conformably on the lower 
onc. This is certainly tbe case in the neigbbourhood of Ycnang
young or Singu, unless the ferruginous conglomerate wbieh forms 
its basis, is regardcd as a sign of unconformity. The late Mr. 
Grimes 1) claims however to have discovered an unconformity be
tween tbe two groups North of Yenangyat. 'fhough only dedueed 
from the varying thickness of thc uppermost beds of the lower 
group, as the bedding is perfectly conformabIe throughout the 
whole series, my own observations with re gard to tbe occurence 
of certain fossiliferous horizons in the same level led me almost to 
thc same cOllclusion, though I have pl'eviously rcfrained from expres
sing a definite opinion, because in a matter of sucb import..'tnce a 
few isolated observations cannot be considered as descisive. We 

') Mem. Geolog. Survey of India 1898 vol. XXVIII pag. 43. 
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may now take it is granted that notwithstanding the apparent 
conformity of beds, a considerahle denudation of the lower Group 
took locally place, before the upper Group beeame deposited. 
'l'hough Iocally extensive, as for instanee near Yenangyat, at other 
places like Yenangyoung, the amount of denudation ean only have 
been small. 'rhe fact, that locally the denudation was on]y small, 
seems to be of importanee, in as mueh as it proves that the depo
sit of beds does not appear to have been interrupted for a long time. 

The following names are suggested for these two groups viz. 
2. lrmwaddi-Series for the upper group, beeausc it is ehiefly 

developed in the broad depression hetween the A rr a kan 
Y 0 m a in the West and the Shan hills in the East, inter
seeted hy thc river Irrawaddi. 

1. Armkan-Series for the lower gl'oup bccame it is chiefly 
c1eycloped in the Arrakan Yoma and its outskirts. 

1. 'l'HE ARRAKAN SERIES. 

Aecol'dillg to my own observations combined with those of Mr. 
'rheobald the Armkon-Series may conveniently be divided into 
three suhdivisions which are in descending order: 

C. The PefJu-Division. 
B. 'l'he Bassein-Division. 
A. The Chin-Divisi01l. 

'1'his subdivisioll is solely based on the presence or absence of 
the g~nus NU1Jl1llulites, which oecurs in abunclance in the middle 
subdivision, bilt is ent irely absent in the uppel' and lower one. 
Palacontological reasons have therefore been exclusively used in sub
dividing the An·akan-Series but I am unable to say, whether this 
view is also supported by stratigraphieal evidence, as I neither 
obsel'ved the contact between the Chin- and Bassein- nor between 
the Bas8ein- and PefJu-divisions. 

At present the three divisions are very unequally knowIl and I ean 
give notbing but the barest outlines of the Chin- and Bassein-divi
sions ehiefly based on Mr. 'l'heohalds observations.The PefJu-division 
is on the other hand much better known, because rich colleetions 
of fossils have been examincd, and the sequenee of fossiliferous 
horizons earefully noted. 

A. The Chin-Division. 
'rhe nahle of Chin-division is suggested for this series of strata, 

bceause it chiefly oeeurs in the eentre of the Arrakan Yoma, inha
bited by the wild Chins. 
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Dark, flysh-like shales and hard unfossiliferous (?) limcstones 
are the prevailing rocks, and it appears that the former chiefly 
occupy the lower part of the group and are followcd by the 
limestones. 

No definite data are available with regard to the thickness of 
th is division; as far as it is known the central part of the Arrakan 
Yoma is chiefly built up hy it, forming numerous parallel ridges 
rising np to over 7000 feet. We may however assume that thc 
thickness is not less than 10,000 feet. 

No fossils have so far been found, and it seems certain that 
the shales are destitute of any organisms, exccpt fucoied-like im
presslODs. 

In its present delimitation the Chin-division includes all the 
beds below those, containing JVu1J/1J/ulitea, and though its upper 
boundaryis thus weIl determined, its lower one is perlectly inde
finite for the present, as we know nothing about the beds on 
which it rests. It is quit.e probable that. t.he Chin-division, if not. 
whoIly cret.aceous, illcludes beds of upper Cretaceous age, but we 
are unable to say for the present, where the boundary is t.o be 
drawn, in as much as the possibility of a gradual passage from 
Cretaceous t.o rfertiary beds, as observed in Baluchistan, cannot 
be denied. 

B. The Baaaein-lJiviaion. 
Though scanty, our knowledge wit.h regard to this division rest.s 

on a firmer ground, because t.here is some palaeontological evidence 
from which definite conclusiollS wit.h re gard to its age may be 
drawn. 

rfhe Ba8aein-divisioll skirts t.he Arrakan Yoma on probably either 
side; it certainly forms a long band stretching along it.s east.ern 
side and t.he same may be said with regard to its western side, 
tbougb we know very little of t.hese part.s. 1t also skirts the Pegu 
Yoma and may probably be found in it.s cent.ral part. 

According to Mr. Theobald the lower part. of this division COIl

sists of shales and sandst.ones, occasionally fossiliferous, which are 
capped by a bed of highly fossiliferous, nummulitic limestone of 
only 10feet in thickness. This may be so in tbe sout.hern part 
of the Arrakan Yoma, but it is quit.eo certain tbat. the calcareous 
beds increase in t.hickness in northern directioll. 

The total thickness of this group is assumed by Mr. Theobald 
to he 1,223 feet, but to judge from the tahle given on page 100 
of his memoir, he included at least 227 feet, but probably 500 
feet, which should belong to the Chin-divisioll. 
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The fauna appears to be rieh, but having examined Messrs 'fhe
obald and Fedden's eolleetions, only a few specimens could be found, 
anel it seems probable that not much time was devoted towards 
collecting. So far we know, th at there are several species of the 
genus NUlllJJlulites and in a bed whieh most probably belongs to 
the upper part, the weIl known Velates sckmiedeliana Chemn. sp. 
hat been found 1), but for the present no further áttempt has been . 
made to determine the specimens, partieularly as it seemed advis
ahle to wait till further researches had yielded a better eollection, 
the horizons of which were kllown. 

C. 'fhe PefJu-Division. 
The name of Pegu·group was proposed by Mr. Theobald "fol' 

a very important series of beds intervelling between the Eocene or 
N ummulitic Division on the one hand and the fossil wood group 
on the other." 'l'his definitioJl of the Pegu-group would he very 
deal' and coneise had Mr. Theobald more aceurately defined the 
lower boundary of his fos;;il wood group. As it is, this bOllndary 
is very uneertain, and I propose tû restriet the name of Pegu 
DivisioJZ to that series of beds, which rest upon the nnmmuliferous 
strata, but are below those, containing a terrcstrie and fiuviatile 
fauna; they are characterized by a marine fauna whieh differs from 
the older one by the tobt! absenee of the genus NUJIllil ulites. 

In the above definition· the P egu-division constitutcs a well 
cireumscribed series of beds which repre~ent the upper part of the 
A1"Takan-series and which can be characterized as fo11ows: 

Fauna marine, bearing a littoral facies; probably of estuarine 
character in the 10wer, of marine and estuarine character in the 
npper part. Glaueonitic sandstones of dark green or grey, pepper 
and salt colonr prevail, while argillaceous beds of bluish colour 
are more subordinate. 

If the above stratigraphical, fannistic and lithological features 
are kept in mind, the Pegu-division is well recognisable all over 
Burma, though its local development varies considerably, as ean 
only be expected from a series which represents such an eminent 
littoral facies. 

1'he Pegu-division can be divided into two parts which are 
readily distinguishcd, w hen the whole series is exposed: these are 
In desccnding order: 

b. The upper part or YeJZaJZg!J0ungian. 
a. The lower part or Prom eian. 

') Record. Geolog. Survey of India 1894. vol. XXVII pag. 103. 
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The P1"ollleian appears to he chiefly of an estuarine character 
both, in upper and lower Burma. 

In lower Burma it seems to be represented . hy tbe unfossili
ferous series containing coal seams and locally Petroleum, occurmg 
below the zone of Cytherea e1"ycina,' in upper Rurma it is repre
sented by tbe petroliferous beds of Yenangyoung, and the carboni
ferous series of tbe C h i n d win district. 

'rhe Yenangyoungian exhibits a rapidly changing facies of marine 
and braekisb beds, as wiU be seen from the detaüed description. 

'rhe difficulties which under these circumstances have to be met 
witb regard not only to a general subdivision, but also to the 
correlation of local developments can be readily understcod, and 
the various horizons wbich 1 discerned, may be only of purely local 
character. If it be . however rememhered that tbis is the first 
attempt to sift a large amount of material, gathered during tbe 
last thirty years, and if fUl-ther the trernendous climatic difficulties 
under which the observations bad to he made, difficulties only those 
wbo e\'er penetrated the jungles of Burma can realize, are taken 
in consideration, a certain allowance will be made for future 
changes. 

a. 'rhe P1"o1Jleian. 
1. lhickne88. Mr. 'l'beobald describes on pag. 83 & 84 of 

bis memoir a section in whicb unquestionably tbe lower portion 
measuring 1418 feet in tbickness, represellts tbe P1"omeian, to this 
we have to add the tbickness of the Sitsyahn sbales with 800 
fcet bringing the total tbickness up to 2200 feet. At Yenangyoung 
tbe drill has gone through rocks belonging to this stage upwards 
of 1000 feet from their upper boundary, without striking the base. 
At Yenangyat 11 00 feet have been drilled through with the same 
result . . On tbe right bank of tbe Chindwin river I measured a 
fine section along the Y u river of 3100 feet, without having ob
served tbe base; but as numerous pebbles eontaining Eocene fossils 
were found in the streams intersecting the lower parts of the sec
tion, the lower boundary canllot be lOuch furtber down. If we 
therefore assume 3000 feet to be the tbickness of tbe P1"omeian we 
are rather under tban above the mark. 

2. Lithological cha1"acte1"8. 'I1he cbief constituents are sandstones 
and clays; the latter are ho wever subordinate to the former; acces
sory are coal seams, irollstone, petroleum and the fossil resin 
Rurmite. The sandstone is of very uniform character, it is finely 
grained, contains plenty of Glauconite and aSSllmes· generally a 
greyish colour, wbieh may best be styled "pepper and salt" colour. 
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Frequently, when there is a large admixture of glauconite grains it 
exhibits a dark green or billish~green colour. lts hardness varies 
considerabl y; sometimes it is soft and friable, sometimes siliceous 
and splintery. A curious instance of its weathering may often be 
noticed along the banks of the Irrawaddi or the Chindwin; the 
sandstone desintegrates into rather regular lumps which retain their 
original position for a long time, thus imitating astreet pavement. 

The clay is still more monotonous, being usually a tough clunch 
of bluish colour. 

It would exceed the limits of th is paper, were l to describe in 
extenso the occurence of coal, petroleum and Burmite, anybody 
interested in these subjects wiU find ample infornlation in the papers 
cited in the litterary l'eferences. 

3. Palaeontol0!J1'cal cltamcle1·8. The Pro1lleian has hitherto yiel
ded not more than 13 species, occuring close towards its top at 
Yenangyoung, otherwise it appears to be unfossiliferolls. Thc fauna 
exhibits a curions mixture of marine and terrestric animais, which 
wiII be discussed in a subsequent chapter. 

4. 8ubdivi8ion . It is obvious that under thesc circumstances a 
subdivision is almost an impossibility, and th is wiII remain so nntil 
some more fossiliferous horizons are discovercd. At Yenangyoung 
and Yenangyat the Promeian is chiefly known frofn bore holes and 
the evidence relating to ft general subdivision is very unsatisfac
tory. \Ve know that there exist ft series of alternating arenaceous 
and argillaceous beds of bluish colour, the former charged with 
petroleum, but in want of any palaeontological evidence no sub
division was even attempted; in fact the lithological change se ems 
so rapid and unexpected that I experienced the greatest difficulty 
in correlating the sections of the different bore holes. 'rhe zone of 
Anoplotherium bz"rmanicll1ll which occurs close to the top, is so far 
the only fossiliferous horizon whieh could be distinguished, and 
even this is apparently of very local occurence only. 

b . 'rhe Yenang!f0ungian. 
1. Thickne88. 'l'here are some good and reliable observations 

with re gard to the thickness of this group; at YenaJlgyat I measured 
a thickness of 1200 feet; at Singu l found it only 700 feet, but 
the late Mr. Grinus measured 2450 feet, about three miles south 
of Singu. At Yenangyoung I found tbe thickness to be 1100 feet. 
As these data are founded on reliable measurements, it is almost 
certain that the thickness of the Yellang!f0ungian undergoes consi
ilcrable chatlges within a distance of about 50 miles, but whether 
these differences are due to demldation of its upper part, or to the 
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uneveness of the surface of the Promeian, I am unable to say. It 
seems certain, that part of it. is due to the first cause, but the 
second one mayaIso answer for it. 

'fhe data regarding Iower Burma are much less reliable, it is 
certain that the topmost 514 feet of Mr. Theobald's section belong 
to the Yenan!!!J0unl/ian but to th is we have to add a) the thick
ne5:S of the beds below the Kam a clay b) the thickness of the 
Kama clay, c) all that "very thiek" series of beds between the 
Kama clay and the .Fossil wood group. Tt is extremely difficult 
to form an estimate, but if we assurne a & h to be 500 fe et and 
c to be 1000 feet , we obtaill a total thickness of about 2000 feet, 
an estimate which is probably rather under, than above the mark. 

2. IAtholol/1·cal charactenJ. 'rhe strata developed, show the same 
composition as those of the Promeian viz. sH.ndstones and clays, but 
there is a distinct cbange of colour, at least in such places where 
the estuarine facies is developed. In the latter case olive tin ges 
prevail, while in the marine facies dark green or dark blne colmus 
will be observed. A remarkable feature is the occnrence of gypsum 
which is of ten found in large crystals. So far th is mineral has 
not been observed in the Promeian, neitber has it been found in 
tbe marine facies of the Yenanl/!J0u71I/ian. lts presence is therefore 
almost sure to denote the estuarine facies of the Yen anl/!J0 unl/1·an . 

3. Palaeontolol/1·cal characters. The Yenang!J0unl/ian has alrnost 
exclusively yielded the weil preserved fossils described in my 
memoir, of which there are 203 species known for the present 
and as these will, be discussed in subseqllent chapters it is needless 
to dweil here on this subject. 

4. }i'acial development. In upper Burma the Yenanl/!J0unl/ian 
is developed in two distinct facies viz. a marine and an estuarine 
one, an ohservation about which there can be not thc slightest 
doubt, as owing to good exposures and correct maps, it could be 
proved to a certainty that a marine fanna occurs at Singu and 
Yenangyat in the same level, us in which at Yenangyoung an estu
arine fauna occurs. In fact if more time could be spent, the gra
dllal passage from estllarine to marine beds could be easily traced. 

'l'he marine facies which contains a rich fauna in upper Burma 
is chiefly exposed in the Yenangyat Anticlinal between Singu and 
Yenangyat, it occurs. also lIear Minbu. Dark green, very hard 
glauconitic sandst.ones arc prevailing, more subordinate are layers 
of dark olive colour. 

The estuarine facies is almost unfossiliferous, except for th ree 
species of the genus C!J?·ena whieh oecm loeally towards its top. 
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It is generally composed of olive coloured clays, containing gyp
sum; layers of hard concretiouary sandstone are frequelltly inter
calated. This facies is particularly weIl developed near Yenangyoung . 
where it attains a thickness of 11 00 feet; at Min hu, Singu. aud 
Yenangyat it is considerably reduced, itR place being almost occn
pied by the marine facies. With regard to lower Burma it is at 
preRent impossible to say, whether both the marine and estuarine 
facies are developed. 'rhc marine facies is unquestionably weIl 
represented, as is proved by the fine collection of fossils, but there 
is no evidence to say whether estuarine beds occur or not. 

5. 8ubdivision. There is great difficnlty with regard to the 
8ubdivision of the estuarine facies, and no attempt has been made 
to subdivide the monotonous series of unfossiliferous beds. Only 
at the top of the series ft few species of Gyrena appeal', which 
though occuring only locally, form the characteristic horizon of 
Gy1'ella (Batissa) erawjU1'di Noetl. near Yenangyoung. On the other 
hand we are much better off with regard to the marine facies of 
whielt the vertical sequence of several horizons has been ascertained 
by aetual observation. In descending order the following horizons 
could be distinguished: 

Marine .Facies. Estnarine Facies 

G. Zone of Gardita tjidaJiwrensi!J K. Mart. 1. Zone of Cyrena (Ba-
5. Zone of Mytilus nicobaricus Chemn . f1"ssa) c1'awfltrdi Noetl. 
4. Zone of M eiocardia metavulgm'is spee. nov. 
3. Zone of Dione dubiosa N oetl. 
2. Zone of Cancellaria martiniana spec. nov. 
], Zone of Pamcyathus caeruleus Dunc. 

lt must be mentioned that it is not quite certain whether the 
zone of G!Jrena crawfurdi is really correlated to the 7,One of Gardi
ta tjidamm'ensis, in fact there seems reason to believe that it is 
probahly equivalent to the zone of Mytilus nicoban'Clt8, 

In Lower Burma the following horizons could be distinguished. 

Marine Facies. 

7, Zone of 'lhritelIa acuticarinata Dunk. 
G, Zone of Ostrea pegueusis spec. nov. e?) Zone of as/rea promen8is 
5. Zone of Arca theobaldi spec. nov. spec. nov. e?) 
4. Zone of ParallelijJipedump1'ototortuosu1Jl spec. nov. 
3. Zone of P holas orientalis Gmel, 
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2. Zone of A1-icia humerosa Sow. spec. 
l. Zone of Cytherea erycina Linné. 

2. 'l'HE IRRAWADDI SERIES. 

15 

rfhe Irrawaddi-series comprises all that enormous thickness of 
strata, which rest on the marine and estuarine bcds, and which 
are unconformably ovcrlaid hy silts and gravels of diluvial age. 
Palaeontologically this series is characteriwd by a terrestric alld 
fluviatile fauna, in addition to which, it contains large quantities 
of silicified wood. So far no well defined suhdivisions could he 
distinguished, because the lithological character is very monotonous 
and though fossils have been fonnd, they seem to oecur only locally, 
thus rendering the tracing of a given horizon over a larger distance 
an impossihility. 

A. l'hickness. Tbc Irrau;addi-series, as ahove circumscrihed 
exhibits a mcasnred thickness of 4020 feet in the neighhourhood 
of Yenangyoullg, but this appears to he only a small part of its 
total thickness. The fine cross-cut of tbe Irrawaddi, hetween Singu 
and Salemyo, affords an almost complete section of the li·rawaddi
series from its hase, to prohahly withill a short distl:mce of its 
uppermost beds, and the thickness calculated would not he less 
than 20,000 feet. 'l'his probably represents the maximum thick
ncss and it appears that in lower Burma it is of mnch smaller 
thickness. 

B. Lithological Charade]". 'l'be rocks which compose tbis series, 
form by their · light tinges a most marked contrast to the dark 
coloured beds of the Arrakan-series. Light yellow is the prevai
ling colour, but dull red, brown and olive tinges are by no means 
rare, though they take ollly a subordinate rank. 'l'he predomillant 
rock is a very soft sanclstone which migbt perhaps hetter he tcr
med "sand-rock" of light yellow colour. It is deposited in thick 
beds, which frequently contain nodular, or kidney-shaped concretions 
of very hard siliceous sandstone. 'l'hese concretiolls, sometimes of 
considerable size, are arranged in strings parallel to the bedding 
and stick out of the surrounding softer material, forming a very 
characteristic feature of the landscape. Alternating with the sand
stone are beds of light, olive-colollred clay which however never 
obtain the thickness of the areuaceous beds. Still more suhordinate 
arc bands of ferruginous conglomCl·ate; in these beds foreign matter 
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is somctimes so rare that they form regular layers of ceHular iron 
öre w hieh has in former times been used for iron-smelting purpo
ses. Their thicklless changes · from a few inches upwards to 15 
feet, but exeept the basal conglomerate, they form most irregular, 
lenticular masses of of ten not more than a few feet in length. 

C. Palaeontolo!Jical chamcter8. The Irrawaddi-series contains 
nnmerous remains of terrestric and fluviatile animais, but so far I 
have not been ab Ie to discovcr, whether they are generally distri
buted throughout the series, or wh ether they are confined to certain 
localities only. It is however a fact that they oceur in the con
glomeratic beds in preference to all others, but even here the 
distributioll is very erratic. 1'he number of species so far discovered 
amounts to about 00, but ex cept a preliminary dcterminatioll, thcy 
were not further examined. 

In addition to the animalic remains numerous fragments of 
silicified wood, of ten of considerable size, oecur throughout the 
series; no examination of these fossil remains hits hitherto been 
undertaken, but it appears that monocotyledonous species prepon
derate. 

D. 8ubdivi81·on. 1'here have been seveml attempts of subdivi
ding th is enOl'lllOUS series, but whether they can claim more than 
loeal importanee remains to be seen. In lower Burma Mr. 1'heo
bald 1) tlistinguishes the following three groups, of which it is 
quite certain th at they can be distinguished only in the neighbour
hood of Prome alld 'fhayctmyo, these arc in descending order: 

C. Possil wood sands. 
b. Pine silty clay. 
a. Mogoung sands. 
The late Mr. Grimes 2) based his subdivision also on lithological 

differcnces only, and he distinguishes in descending order: 
d. Sandstone with ferruginous conglomerate and llluch fossil 

wood. 
C. Sandstolle with numerous sUIall l'oot-like concretions and 

little fossil wood. 
b. Sandstone with large rounded concl'etions and much fossil 

wood. 
a. Sandstone with numerous bands of ferruginous conglomerate 

containing vertebratc remains. 
As I thoroughly know the country ttl'oulld Yenangyoung, for 

1) Mem. Geolog. Survey of India 1873. vol. X. pag . 62. 
2) Mem. Geolog . Survey of India 1898. vol. XXVIII. pag. 62. 
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which this subdivision has been established, I can confidently say, 
that the principles on which it has been based are of na value 
whatsoever. 'fhe fossil wood occurs in a most erratic manner, and 
to use the frequency of its occurence as the basis for a subdivision 
is perfectly erroneus. 'rhe above subdivision holds good on paper 
only, and if it were put to a practical test it would soon fail except for 
the country around Yenangyoung. 'fo subdivide snch a monotonous 
series of arenaceous beds as the Irrawaddi-series, on lithological 
differences only, seems perfectly impracticable, because the litholo
gical character changes so frequently . The basal cOllglomerate seems 
to be the only instance of a single bed of the Irrawaddi-series being 
continued over a largel' distance, but even this appears to split up 
north of Yenangyat and Mr. Grimes feIt inclined to inclnde in 
this zone the hext 150 to 200 feet of sandstone, containing bands 
of conglomerate, a view which I by na means approve of. I still 
maintain that a subdivision based on palaeontological evidence, 
however incomplete it may be, deserves preference to any other, 
based on lithological differences only, and I see therefore na re.ason 
why I should alter the preliminary subdivision as suggested by 
me unless bette l' palaeontological evidence should be forthcoming. 
In descending order I divide the Irrawaddi-series into the follo
wmg subdivisions. 

b. Upper Irrawaddi- 8erie8 : 
Yellow soft and friable sandstones, alternating with beds of 
brown clay. No fossil bones; Fossil wood not verycommon. 

a. Lower Irrawaddi-Se1-1e8: 
1. Zone of Hippotheriu1Jl antelopinu1il & Acerotheriu11lperimen8e. 

A ferruginous conglomerate forming the base of the series 
and containg numerous fossil bon es, the most frequent of 
which are the above two species, which have hitberto not 
been found in bigber strata. 

2. Zone of Ma8todon latiden8 & HippopotamU8 irravadicu8. Yel
low soft and friable sandstones, alternating with conglome
ratic beds, containing numerous fossil bones, among which 
tbe above two species are the most frequent; fossil wood 
very common. 

I admit that th is subdivision is only a preliminary one, in as 
much as the three groups are of very unequal value. In fact, it 
is difficult to say, chiefly on account of the erratic occurencc of 
tbe fossil bones at wbat level the Lower Irrawaddi-series ends 
and where the Upper Irrawaddi-series commences, but nntil more 

Verhand. Kon. Akad. v. Welenseh. (2< Sectie). Dl. VII. B 2 



Character 
I 

Character Name 
of of of 

Fauna. 
1 

Sediments. Series. 

I 
I 

eh 

'" Térrestric 'C 
Jj , 

& Yellow Sandstone. :; 
"':j 

'" Fluviatile. ~ 
~ ... 

H 

I 

I Marine Bmckish 
Facies. Filcies. 
--- - ----

Bluish Olive-
green coloured 

No gll1uconi- clays 
Num- tic with 
1llul- sandstone Gypsum. 

ai 
ites . Bluish green, Bluish '" 'C .,; grey glauconitic, '" .: rn 

'S:: & ~ 
0:: 

peppel' & salt colou- '" ~ -"'= 
red Sandstones. ~ ... 

<1 
Num- Limestone 
1I/,ul- & 
ites. Shales. 

No 
Nwn- Limestone 
1/1.ul- Shales. 
ites. 

Name I 
of Name of Sub(livision. I Thickness. 

Division. i 
!Upper lrrawaddi 

Series. Unfossiliferous. (?) 

Zone of Mastodon latidens & Hippopotamus 

i1"l'avadicluJ. 20,000 feet. Lower lrrawaddi 

Series. 
Zone of Hippotherium anlewpinum & 

Acerothel"ium perimense. 

I I 

I I 

Yenangyoungian. 12450 

I 
..; 

'" Pegu·Division. I ..;; 

I 0 
0 
>!:) 

I 
>!:) 

Promeian. I 3100 ' 

I 
-

Bassein Diyision. Not subdivided. 1200 feet. 

Chin- Division. Not subdivided. I More than 
10,000 feet. 

European 
Equi-

valents. 

I 

Plioccne. 

-

I 
I 
! Miocene. 

Eocene. 

Eocene i?) 
Cretnce-
ous (?) 

.... -P' "":3 S,....· 00 
ct> .::: S 

~~H~ct> 
~ 65 · ::;:l 

'-< 0-; _0-;0 
'-< ::r ct> ;10 

.... ct> S ::;:l 
::r P' 
~ Ö' Ö' 5' 0'" 
M- ~ ~ Ct> 
po'~or;>:> 
(!) ~ ~ ::;:l tJ'J 

_. 1--" ~ 

tJ'J 0 ::;:l 0 ct> 
';i ~::l O~ 16 ~ - ..... , ct> ~ .... ,..... I-:i 

S ~ 0'" ::;:l ;:c 
~~2..g~ ~ 
p... ~(!)po' iS:: 
o _ 0-; • (!) """ 

"'0 ::r <: ct> 0 
.... ct>,..... >< C g. ct> r;>:> t"l 

"'O ~ Sz 
""l ;J . ,..... t":l 
~ ::;:l H ::;:l 
[lO Cl [lO 0 

'-< ..a ' e; 0'. >%j 
0"' ''''''' 0-; 0 b::j 
(!) ~ ~ ;:; C 

~~r~ g, ~ 
ct>::rp... _ ~ 
::;:l ,.... . ::r 

n M- ~ . 
P' po' g- tJ'J 

- O~ tJ'J 
[lO .::: tJ'J ~ .... . .::: ,.... . 
~ ~ g: ~ 

[lO p...:;;. _ 
;:; ,.... . po' 
1;3 a;!3. (!) 
. ct> 0 

:::::! .D ,..... .:; 
:::::! 0 ct> 

-, tJ'J 
W ~. = - c g.g- :::::! 



THE MIOCENE OF BURMA. 

IIl. 

CORRELAl'ION OF l'HE BURMA l'ER'rIARY FORMAl'ION 
Wl'rH THE EUROPEAN TERTIARIES. 

It will be seen from the foregoing pages that in Burma the 
Tertiary formation exhibits a development which is widely diffe
rent from what that formation shows in Europe. If 'l'ertiary 
Geology had first been stal'ted in India, we would have arrived at 
totally different views regarding th is formation and the name of 
"Dyas" on account of its pronounced bi-division would have 
probably been chosen. It is obvious that under these circum
stances any correlation with the European Tertiaries can only 
be carried out in the broadest sense possiblc, every attempt to 
go into details, or to recognize smaller European divisions as for 
instance the Oligocene, in thc Rurma facies of tbe Tertiaries must 
result in a failure. 'l'he development of the TCliiary series in 
Burma is so tota.lly different from that of Europe, faunistically as 
weil as stratigrapbically tbat we have almost nothing to guide us 
in its int2rpretation and we are obliged to refrain from any corre
lation to the now reeognized subdivision of the 'l'ertiary formation 
in Europe except on the broarlest, lines. '1'0 arrive at an idea of 
tbe relati\'e age of the various subdivisions of the Burma Tertiaries 
we ba ve three distinct faunas succeedillg in vertical direction ; in 
descending order these are : 

3. 'l'he terrestric and jluviatile fauna of tbe Irrawaddi-series. 
2. 'rhe marine fauna of the Pegtt-division. 
1. rrhe marine fauna of tbe Bassein-division . 
'l'hough thc most importallt conclusions could be deduced from 

the study of these faunas, we meet almost at once with a great 
difficulty: tbe con tin uity of the marine fauna is interrupted. It is 
almost certain that the fauna of the I7'rawaddi-series did not 
immediately succeed that of the Pegu-division, though tbe strata 
of the former rest apparently conformable on the latter. 
. Now it is certain that any deductions drawn from the vertical 

distribution of vertebrate remains, can never be compared witb 
similar deduetions derived frorü the study of the invertebrates. 
Whatever results we can deduce from the study of the vertebrates, 
it will be always diffieult to bring them in harmony with those 
del'ived from the study of the invertebrates. 'l'his view holds good 

B 2* 
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even, when the fauna of the Irrawaddi-series wiU be better known 
than at present. A preliminary examination of the numerous verte
brate remains I coUected has proved, that the fauna of the lrra
waddi-series is certaillly identical with that of the Siwaliks in 
India. It would be out of place to roU up here the question of 
the age of the Siwaliks, but I fully concur with Mr. Oldham 
who thinks th at the bahmce of evidence is more in favour of the 
Pliocene than the Miocene age. If it were possible to settIe this 
question we would at once know that the PefJu division must be 
either Prae-pliocene of Prae-miocene. If we accept the view t.hat 
the lrrawaddi-series represents the Pliocene period, the PefJu-divi
sion must, notwithstanding the unconformity necessarily represent 
the Miocene unless an earlier age would be proved by its fauna. 

Unfortunately the fauna of the Pegu-division affords not the 
slightest indications by which it may be compared to any fauna of 
the subdivisions of the Tertiary period in Europe, becallse it has 
not a single species in cornmon with them. On the other hand 
it bears the closest relationship to the fan na inhabiting the Illdian 
Ocean, and under these circumstances any attempt to correlate it 
faunistically with any ·subdivisioll of the European rrertiaries must 
remain futile. 

If we now turn to the fauna of the Ba8sein-division, we have 
some better evidenee, though t.he fauna is comparatively unkllown; 
it chiefly consists of · N1t1Jl1ilulitc8 and a few other fossils arnong 
which Velates 8chmiedeliana Chemn. spee. has been recognized. 
Poor as these facts may be, they enahle us to form a definite view 
with regani t.o the position the Ba88ein-division holds in the 
sequence of the Tertiary epoch. The genus NWll1Jluiites is a typical 
eocene fossil, at least there is no evidence that true NU1Jl1Jlulites 
oceur in abundance anywhere else, but in the Eocene formation. 
We are therefore fully j ustified in assumillg that the Bassein divi
sion eorresponds to the Eocene period of Europe, · and if we fnrther 
take the limited vertical distribution of Velates schmiedeliana 
Chemn. spec. into consideration, we may assume that the Bas8ein 
division is correlative to the Upper Eocene and most probably 
represents the Khirtharian of Western India alld Baluehistan. 

We have now gained a firmer basis than before, starting from 
whieh we ean arrive at some more definite views with regard to 
the age of the superimposed beds. The whole series restillg on 
the Bas8ein-division must necessarily represent the Younger Ter
tiaries, th at is to say upwards of the Bartonian of the European 
geologists. N ow as the fauna of the Irrawaddi-series renders it 
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almost ccrtain that it should be correlated to the Pliocene of 
Europe, the Pegu-division must necessarily represellt the Miocene 
period. It may at once be argued tbat tbis view is by no 
means certain, because it mayalso represent tbe Oligocene period. 
I admit that such a view may he held, but if we remembel' for 
what series of strata tbe Oligocene bad originally been establi
shed, it would seem almost absurd, to recognize this particu
lar division of the European Tel'tiaries wbich so emminently bears 
tbe sign of a European cOlltinental facies, in Burma. I arn fully 
in concordance with Professor Martin tbat no evidence . warrants 
the adoption of t.bis term for an)' part of the Indian Tertiary for
mation whether it be in Balucbistan, Western India, BUl'ma, Su
matra, Java or Borneo. We have, as I repeatedly pointed out a 
few meagre facts to correlute certain beds with the Eocene period 
of Europe, but palaeontological evidellce holds no longer any good 
with regard to thc marine beds resting on those whieb we consider 
as Eocene . The only fact we know is, that they must be yOllnger 
tban Eocene and the natuml conclusion is that we eonsider them 
as tbe representatives of the Miocene period. 

IV. 'rHE MIOCENE OF BURMA. 

1. DEVELOPMENT AND SUBDIVISION. 

A. Lower Burllla: Prouw and Tha!let1Jl!l0 ' 

a. General Remarks. 

Messrs. 'l'heobald' and Fedden's colleetions have been chiefly made 
in this part of Burma, but having had no opportunity myself of 
examining tbe 'l'ertiary beds of lower Burma, except by such obser
vations as cOllld be made by rapidly passing through tbe country 
I bave solely to depend with re gard to the stratigrapbical features 
on Mr. 'l'heobalds memoir. 

Mr. Theobald divided his Pegu group, whicb as pointed out 
above corresponds to my Pegu-division in two snbdivisions viz.: 

2. Prome-óerk. 

1. 8it8!1ahn-8hale8. 

Aecording to Mr. 'l'heobald tbe Sitsyabn-shales are unfossiliferous; 
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the fossils coUected by him come therefore all from the Pro1Jle
beds, and if I am correct in rny interpretation they must all 
come from the upper part of the ProlJle-beds that is to say 
from Mr. rrheobalds group B, the lowel' group A, being nnfossili
ferous. Af ter carefully sorting his collections and rejecting all 
doubtful specimens, six horizons, weil . characterized hy different 
lithological and palaeontological features could he distingnished, but 
as no inforrnation as to the relative vertical position of these beds 
had been left, I was absolntely in the dark with regArd to their 
sequence. rrhe section given on pag. 83 & 84 of Mr. rrheobald's 
rnemoir, as weIl as a few stray remarks scattered herc and there 
helped rnaterially in solving this mystery and thongh I arn still 
not quite certain as to the position of some of them, the position 
of the most important zones has been fairly well fixed. 

Ou pag. 84 Mr. 'rheobald states that the upper of the two 
groups into which he has divided the Prome beds begins with 
"compact rnarly sandstone softer at thc base" which contains 
"Cm'dita" and "Cyt herea" . 'l'here can be no doubt that this bed 
represents the horizon frequently alluded to hy Mr. Theobald as 
C!/therea pro11lensis-bed, because one of the chief characteristics of 
th is horizon is the large l1umher of two species, C!/therea er!/cina 
Fav. and C!/therea protovariegata spec. nqv. As I have proved that 
Cytherea promenSt'8 Theob. is identical with thc living C!/therea 
er!/cina Fav., the horizon which I called zone of C!/therea . er!/cina 
must be represented by this bed which wonld therefore occur 
1418 feet, plus 800 feet, the thickness of thc Sitsyahn sha.les, that 
is to say 2200 above the base of the Pegu-division. 

J have not been able to identify any of the other two fossili
ferons horizons mentioned in the section composing Mr. 'l'heobalds 
group B, but thc positioll of two other horizons most important 
on account of the rich and weU preserved fanna they contain, has 
again been fairly well fixed. Mr. 'l'heobald writes on pag. 85: 

"The channel of the Irrawaddi here intervenes, causing a break 
between the sectioll above given and its continuation on the oppo
site bank". . . .. The most importand beds in the section, however, 
which I think must intervene at the place, are some very fossili
ferous blue shales w hich. . . .. I have termed Kama clay". 

This is a very precisc and clear statement and we must there
fore conclude that the fauna of the Kama clay is younger than 
th at of the zone of C!/therea er!/'Jina and occurs perhaps 1000 feet 
above it. 

When examining the collections labelled Karna, it becamc evident 
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th at there we re two, lithologieally and as it afterwards proved also 
palaeontologically different horizons. One of the beds is a soft, 
yellow, hardly argillaceous sanclstone, in whieh the shells are sim
ply bleaehed; the other is a bluish-green somewhat argillaeeous 
sand in whieh the fossils have a slightly reddish tinge. Af ter a 
little practiee it is impossible to mistake the fossils even if they 
should have beeome mixed up. 

If we assume that the bluish sand represents the Ka.ma elay 
properly speaking, the position of the yellow sand is doubtful so 
far, as ' it eannot be stated whether it oecurs above or helow the 
former one. Certain palaeontologieal reasons of whieh 1 sha11 
speak more later on (pag. 28) have however led me to believe that the 
yeHow sand is older tha.n the bluish one. I termed the former 
the zone of Parallelipipedum jJ1'ototortuosum and the latter, the 
Kama shales s. s. zone of A1'ca theobaldi and these horizons would 
oeeur about 3300 feet above the base of tbe Pegu-division. 

').1here are however three or perhaps four more fossiliferous hori
zons whieh 1 ternled zone of Ostrea jJro1Jlens~'s, zone of OstreajJeguen
s'is, zone of Pholas o1'ien ta lis, zooe of Aricia hUJJlerosa, the position 
of whieh is very uneertain and eau only be guessed. The first two 
zone that of Ostrea jJromensis and Ost1'ea jJeguensis represent Ostrea
beds whieh are probably exclusively built up by the shells of 
either, both, or only one species, but as neither has beell found in 
any other horizon, we are pcrfeetly in the dark as to their posi
hOll, and they may oecu!' anywhcre between the zone of Cythe-
1'ea erycina aod l'uritdla acuticarinata though it is probable 
that they oeeur above the zone of Arca theobaldi. There are a few, 
though faint indieations with regard to the position of the remai
ning horizons; both are represented by a dark green, very glaueo
nitie salldstone and a eonsiderable number of species oeeuring in 
both are eommOll to the zone of Cytherea ery_1'na and the zones 
of Parallelpipedu1lt prototortuosu1ll and Area theobaldi. J assume both 
horizons to hold an intermediate position between that of Cytherea 
er!lcina alld the two other ones. This view is further strengthened 
by Mr. Theobald's section, aeeordillg to whieh no fossiliferous hori
zons oeeur below the bed eontaining Cytherea and Cardita, hut 
no definite position ean he assigJled to them and I must leave it 
an open question in whieh part of the 514 feet ahove the zone of 
C!ltherea erycina they oeeur. 

"Above the Kama shales oeeurs a very thiek series of sandstones 
and shales, whieh do not present any bed suffieiently weIl marked, 
either by mineral eharacter or fossil eontents, to serve as a servi-
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cable horizon for · the division of the group" ('l'heobald 1. c. pag. 
86). . . .. ,,'rhere are some slight means however, of judging the 
position of some of the highest beds of thc present group, as, for 
instance the occurenr.e of a specieR of l lurritella hardly distinguish
able from one now living on the coast, which seems, where it 
occurs plentifully, to mark a high position iu this group". (Theo
bald 1. c. pag. 87). From these remarks we may suppose, that 
the most important fossiliferous horizons near Thayetmyo and Prome 
are restricted to the middle part of Theobalds Peg1t-group, as 
represented by group B of his Prome-beds and tbai above the 
zone of Area theobaldi only a few fossiliferous horizons occur among 
which are perhaps the Ostrea-beds, and one containing nume
rous specimens of a l'urritella. 

b. IJetailed IJescription. 

1. Sitsyahn shales. 

"The base of tbe Pegu group would appeal' to consist of a 
"thick deposit of shales, with a little sandstone very subordinately 
"developed. . . . .. 'l'he Sitsyahn sbale is a Llue, somewhat clunchy 
"day, with very little appearence of bedding save towards its 
"upper portion where sandstone courses begin to come in ..... . 
"Tt is as far as I know entirely unfossiliferous and along the long 
"expanse of this shale below Sitsyahn, I failed to detect the sligh
"test trace of any organism whatsoever .. . .. No estimate can be 
"formed of tbe entire thickness, of this lower division of the group, 
"but I think that close on 400 feet are here (viz. near Sitsyahn) 
"seen and probably twice that amount would not be an overesti
"mate for the entire thickness of this division". ('l'heobald 1. c. 
pag. 81 & 82). 

2. Prome-sandstone. 

Above the 8it8yahn shales follows a series of chiefly arenaceous 
beds with subordinate layers of clay; according to rl'heobald the 
sandstones are of grey colour, but no mention is made of any 
fossiliferous horizon in his section on pag. 83 and the inference, 
that the group is unfossiliferous would therefore be fuU,}' justified. 
If this be the case and we have at present no further proofs con
tradicting this view it is perhaps probable that the lower part of 
the Miocene near Prome and Thayetmyo is · unfossiliferous, and 
equivalent to the unfossiliferous series containing the petroleum in 
upper Burma. The development. of the Miocene in lower and upper 
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Burma would therefore be exactIy alike, but furthel' proofs to 
support this VIew are required. 

3. Zone of Cytherea erycma Favanne. 

The lowest known fossiliferous horizon is a bed of compact 
marly sandstone of 5 feet in thickness, forming the hase of Mr. 
Theohald's group B; the sandstone is rather hard and almost cnti
rely built up of shells of Cythe1'ea eryci71a :Fav. and Cardita pro
tovarie!Jata spec. nov., both species having almost always the two 
valves united, Other species are much less common, except per
haps Ceratotrochua alcockianua spec. nov. The following is the list 
of fossils described from this bed. 

1. Ceratotrockus alcockianus spee. nov. 
2. Flabellum distinctum Milne Edwards. 
3. Peckn kokenianus spee. nov. 
4. Gardita protovariegata spee. nov. 
5. Cytherea erycina Favanne. 
6. ])ione protolilacina spee. nov. 
7. 1/ protophilippinarum spee. nov. 
8. ])osinia p1'otojuvenilis spee. nov. 
9. Tellina grilllesi spee. nov. 

10. Trockus spec. 
11. Vermetus javanus K. Martin. 

12. Natica callosa Sowerby. 
13. 1/ obscura Sowerby. 
14. Sigal'etus neritoideus Linnè. 
15 . Rallella elegans Beek. 
Ui. Eburna protozeylanica spee. nov. 
17. Pyrula pugilina Born spee. 
18 . Ancillal"Ïa cf. vernedei Sowerby. 
19 . Subula spee. 
20. Conus avaënsis spee. nov. 
21 . Balanus tintinnabulum Linnè. 

4. Above the last named zone f6110ws a senes of beds, mea
surmg 514 feet in thickness, which contain several fossiliferous 
horizons. As the 8itsyahn shales. and the Prouw sandstone are 
apparently unfossiliferous I do not think that I am wrong if I 
attribute the following two zones a place in this series though it 
must be left an open question which of the two is the older. 

4. a. Zone of Aricia humerosa Sowerby spec. 

Lithologically this zone is characterised by a bright green fairly 
hard sandstone; the fossils are generally well preserved but exhibit 
a peculiar ockry tinge. 

The following is the list of fossils described from this bed. 

1. Flabellum distincturJt Milne Edwards. 12. ])osinia p1'otojuvenilis spee. nov . 
2. Spondylus spee. 13. Tellina grimesi spee. nov. 
3. Lima griesbachiana spec. nov. 14. 1/ foliacea Reeve. 
4. Peekn kokenianlJ,lJ spec. nov. 15 . 1/ Mlli N oetling. 
5. Gardita viquesneli d' Areh. & Haime. 16. Solarium coniforrne spec. nov. 
6: 1/ planicosta spec. nov. 17. Vermetus javanus K. Martin. 
7. Crassaklla rostrata Lamarek. 18. Xenophora bi1"lnanica spee. nov. 
8. CardiUln protosubru{Josum spec. nov. 19. Calyptraea rUfJosa Noetling. 
9. 1/ minbuense spec. nov. 20. Natica callosa Sowerby. 

10. lJi01Ie amygdaloides spee. nov. 21. 1/ obscura Sowerby. 
11. 1/ protophilippinarum spee. nov. 22. Liricia kumerosa Sowerby. spee. 



ZG THE ?lUOCENE OF BURMA. 

23. RUlIella elcflons Beek. 
24. Fusus verbeeki K. Martin. 
25. Oliva l'It/Ula Duelos. 
26 . Ancillaria cf. vernedei Sowerby. 
27. Subula spec. 

28 . Conl/s literullts Linné. 
29. " àvai:itIJis spec. nov. 
30. " yuleiaulls spec. nov. 
31. B alanus tintinnabulum Linné. 

4. b. Zone of Pltolas orientaNs Gmelin. 

'fhis zone is represcnted hy a hard quartûtic sandstone of very 
dark green or brown colour, the ' sheUs are generally snowy 
white alld shine out brilliantly against the surrounding matter; 
they are however generally not weU preserved, and mostly strongly 
weathered, particularly the pelecypodan she11s. The most commoll 
species is Pholas O1'ientaNs Gmel. while the othcr species are known 
only in a. few specimens. The followin.g is the list of fossils descri
bed from this bed: 

1. Flabellum distinctwJt Milne Eclwanls. 
2. Peden kokenianUil spec. nov. 
3. Pinna spee. 
4. Area oldhaliliana spee. nov. 
5. " bala'Ciana K. Martin. 
6. "peetheniJÏs d'Arch &; Haime. 
7. Cardila planicosla spee. nov. 
8. Meicocardia pl'olovulfla1'Îs spee. nov. 
9. Petricola incerla spec. nov. 

10. Venus prolojlexlIosa spec. nov. 
11. C!Jtherea er!Jcilla Favanne. 
12. " yOlllaiinsis spec. nov. 
13. Dione prololüa.cina spec. nov. 
14. " amygdaloides spec. nov. 

15 . Diolle protophilippinarum spec. nov. 
16. Tellina flrimesi spec. nov. 
17. " f oliacea Reeve. 
18. " hilti Noetling. 
19. Solen spec. 
20. Maclra prolol'eeresii spec. nov. 
21. Corbula socialis K. Martin. 
22 . Pholas orienlalis (;melin. 
23. " blalifcrdianlls spec. nov. 
2·L Solarium nile/7.s spec. nov. 
25. Cal!Jptraea 1'/lgosa Noetling. 
26. Nalica obscl/ra r:5owerby. 
27. Ancillaria cf. vernedei Sowerby. 
28 . Conus avai:it8is spee. nov. 

5. If linterpret Mr. Theobalds vicw correctly he thinks, that 
above the section described on pag. 83 & 84 of his memoir and 
below thc Kama clay thcl'e follows a series of beds which are hid
den by the lrrawaddi, in other words, the Kama clay does not fol
low immediately on the top of the last bed mentioned in his section. 
The thickness of these beds supposed to be 500 feet 1) wiU be 
rather below tban above the mark. 

G. Zone of Parallelipipedu1Jl prototortuosu1Il spec. nov. 

This zone is represented by a very soft, finely grained sandrock 
of yeUow colour, which when soaked with water easily crumbles 
away. Notbing definite is known about the thickness or ex~ct 

position of this zOlle though palaeontologically it represents one of 
the most important horizons of the whole series. 

' ) The breadth of the lrrawaddi between Prome and the opposite bank is al most 
a mi Ie. 
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'fhe fossils are bcautifully preserved but what is remarkable, 
with a few exceptions the Pelecypoda are much better preserved 
than the Gastropoda. 1'he shells almost resem bIe living ones picked 
up on the sea shore only that they lost thcir colour. The most 
characteristic species ist Parallelip1jJedu1ll prototortuo8um spec. nov. 
a species which has not been found in any other bed. 'fhe follo
wing is the list of fossils descrihed from this bed and though it 
contains the largest nnmber of species, 1 have not the slightest 
doubt, that it is not exhaustive and fut ure researches will probably 
considerably swell the number. 

1. Ceratotrocll!ls alcoclcianlls spee. nov. 
2. Flabellum distinctunt Milne E(lwards. 
3. Parac.yatllus caerule'18 Dunean. 
4. Oidaris spee. 
5. Osb'ea papyracea spee. nov. 
6. Peden lcokenianus spee. nov. 
7. Vlllsella lingnatigris spee. nov. 
8. Arca bllrnesi cl' Äreh. & Haime. 
9. 11 ymcel18is spee. nov. 

10 . 11 peethellsis d'Areh. & Haiuie. 
11. P amllelipipedwll prototortuoslt1n 

spee. nov. 
12 . Nucula phaY1'eiana spee. nov. 
13. Leda avaei!8is spee. nov. 
14. Oardita protovariegata spee. nov. 
15. 11 viquesneli d'Areh. & IIaime. 
16. Lucina neasquali/.osa spee. nov. 
17 . 11 pagana spee. nov. 
18. Oardium protosllbl'U(JOS/tiil spee. nov. 
19 . 11 minbllijnse spee. nov. 
20. Meiocardia protovulga1-is spee. nov. 
21. Oytherea e.rycina Favanne. 
22. Dione protolilacina spee. nov. 
23. 11 arrakanensis spee. nov. 
24. 11 alllygdalaides spee. nov. 
25. 11 protophilippinorwn spee. nov. 
26 . Dosinia protojuvenilis spee. nov. 
27 . Tellilta grimcsi spee. nov. 
28. 11 protostriatula spee. nov. 
29. 11 protocandida spee. nov. 
30 . 11 il1dijferens s pee. no v. 
31. 11 foliacea Reeve. 
32. 11 hilli Noetling. 

33. Tellilta pseudohilli spee. nov. 
34. Gari 1tatensis spee. nov. 
35. 1/ protolcingi spee. nov . 
36. Hiatula textilis spee. nov. 
37. Maclra protoreevesii spee. nov. 
38. Corbula socialis K. Martin. 
39. Dentalimn jUl1ghuhni K. Martin. 
40. Solwi1l1n maximum Philippi. 
41. Scala1ia binnanica Noetling. 
42. Tl/nitella simplex Jenkins. 
43. 1/ acuticarinata Dunker. 

44. 
45 . 
46. 
4.7. 
4R. 
49. 
50. 
51. 
52. 
53. 
54. 
55. 
56. 
57. 
58. 
59 . 
60. 
61. 
62. 
63. 

1/ leiopleurata spee nov. 
1/ lydekkeri spee. nov. 
1/ spee. 

Vel'l1letus java1tl/s K. Martin. 
Natica callosa Sowerby. 

1/ oóscura Sowerby. 
1/ gracilior spee. nov. 

Sigaretus neritoideU8 Linné. 
Ficula spee. 
Ranella prototnberclllaris spee. nov. 

1/ elega1!8 Beek. 
Oliva 1'lifula Duclos. 
Conus avaá!8is spee. nov. 

1/ !j1l1eianus spee. nov. 
1/ hanza spee. nov. 
1/ prolofurv1ts spee. nov. 

Clavat1lla 1Iml/ga spee. nov. 
RingiC'lIla turrita K. Martin. 
Balanus tintinnabutum Linnè. 
Callianassa birmanica spee. nov. 

7. Zone of Area theobaldi spec. nov. 

For reasons above stated 1 think that th is zone represents the 
true Kama clay of Mr. Theobald; the matrix in which the shells 
are contained is a bluish green, arenaceous clay, which readily 
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cl'llrnbles away in water. 'rhe shells are qllite as weU preserved 
as in the zone of ParallelipipedulIl prototorluo8um though perhaps 
they do not qnite show the same clearness of detail; a red
dish tinge is peculiar to all shells and the Gastropoda are better 
preserved than in the former zone. The most common species is 
A1'ea theoóaldi spec. nov. and it is chiefly on account of this 
species that I attribnted a positioll above thc zone of Paralleli
pipedum prototortuo8um to this horizon. Area theobaldi spec. 
nov. IS so closely related to A·rea burnesi d'Arch. & Haime, 
one of the most common species of the former zone that at the 
first glance it might be mistaken for this species; on closer exa
mination it wiU however be found, that while in Area burne8i 
d' Arch. & Haime only the left valve exhibits a certain ornamentation, 
the same ornamentation occurs on both valves in Area theobaldi 
spec. nov. Assuming that the more differentiated species holds a 
higher position in tbe sequence, I placed thc zone of ParalleZi
pipedU1il prototortuo8um below that of Area t!teobaldi. The fullowing 
is tbe list of species described from this bed: 

1. Paracyatkus caeruleus Duncan. 
2. Cidaris spec. I . 
3. 1/ spec. 2. 
4. Ostrea pap!/racea spec. nov. 
5. Pedel! kokenianus spec. nov. 
6. Area theoóaldi spec. nov. 
7. 1/ metabistrigata spcc. nov. 
8. 1/ myoifnûs spec. nov. 
9. 1/ nannodes K. Martin. 

10. 1/ bataviana K. Martin. 
11. Nucula alcoeki N oetling. 
12. Leda virgo K. Martin. 
13. IJione protolilacina spec. nov. 
14. 1/ amygdaloides spec. nov. 
15. 1/ protophilippinarum spec. nov. 
16. Tellina grim.esi spec. nov. 
17 . 1/ protostriatula spec. nov. 
18. 1/ foliacea Reeve. 
19. ti hilli Noetling. 
20. Gari protokingi spec. nov. 
21. C01'bula socialis K. Martin. 
22. ti prototruneata spec. nov. 
23. Dentalium óoettgeri spec. nov. 
24. Calliostoma koenenian7m~ spec. nov. 
25. Basilissa lorioliana spec.nov. 
26. 1'urciea protomonilifera spec. nov. 
27. Solarium. maximum Philippi. 
28. Torinia protodorsuosa spec . nov. 
29. Turritella simpleI Jenkins. 

30. Turriiella acuticarinata Dunker. 
31. Calyptraea rugosa Noetling. 
32. Natica eallosa Sowerby. 
33. ti oóscum Sowerby. 
34. ti spee. 
35. Possarus krausei spec. nov. 
36. Rim.ella seripta Sowerby spec. 
37. Galeodea 11wnilifera spec. nov. 
38. Triton pardalis Noetling. 
39, ti neacoluórinus spec. nov. 
40 . Persona gautama spec. nov. 
41. Ranella prototuóe1'cularis spec. nov. 
42. EÓU1"na protozeylaniea spec. nov. 
43. Marginella scripta Reeve. 
44. Oliva rufula Duclos, 
45. Cancellaria neavoluiella spec. nov. 
46. ti inornata spec. nov. 
47. Striotereórum protomyuros spec. nov. 
48. ti unicinctum spec. nov. 
49. ti óicincium K. Martin. 
50. Tercórum p1'otodllplieatum spec. nov. 
51. Plenroto1Jl.a karenaiea spec. nov. 
52. Surcula feddeni Noetling. 
53. Drillia protointerrupta spec. nov. 
54. 1/ promeTUJiJ spec. nov. 
55. 1/ protocincta spec. nov. 
56. Co1l11JJ avaei/,8is spec. nov. 
57. Balanus tintinnabulum Linnè. 
58. Callianassa binnaniea spec. nov. 
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8. l~aJetmJo-Sandstone. 

11he zone of Area theobaldi closes the fossiliferous series in 
lower Burma; at least according to Mr. 'fheohald no more fossili
ferous heds occur ahove the Kama clay except at the end of the 
series 1). Mr. 1'heobald only states that this series is compused of 
sandstones and shales but gives no particulars as to colour or 
thickness. I presume that yellow tin ges prevail because to judgc 
from Mr. Theobald's section on p~g. 84 it is unquestionable that 
yellow colours preponderate in his B group, and hecause in upper 
Burma this colour supersedes the grey or bluish tinge of the lower 
beds. It is difficult to form an opinioll regarding the thickness, 
but I snppose if we estimate Mr. 'fheobald's very thick series to 
ahout 1000 feet, we will be rather beiow than above the mark. 
As already sta.ted I believe that the zone of Ostrea promensis and 
Os/rea peg'UensÎ8 if both really occur in different horizons aIJd not 
together in one bed, are found in this series. 

9. Zone of 'l'urritella aeutiearinata. Dunker . 

. Mr. Theobald's collection does not conta.in any species from this 
bed and it is only on the strength of his remark of )he occurenee 
of a species of l'urritella hardly distinguishable from one now 
living on the coast" that I calt this zone by the name of 1'urri
tella aeutiearinata. Dunk. because it is only either this or llurri
tella simplex Jenk. which could come in consideration both of 
which are certainly very close relatives of the living lurritella 
dUjJlieata Lin. rfhis zone closes the Pegu-division and immediately 
above it follows the Irrawaddi-series. 11he section in lower Burma, 
wOllld therefore be in descending order: 

1) I may meution here that the strata from which Mr. Theobald obtained a Pseu· 
dodiadema and other Echinoidea are most probably EGcene, unle~s tbey represent the 
supposèd coralline facies, and bis so·cal1ed Ngathamu·beds are of Alluvial age. 



30 

Pliocene. 

Upper Miócene. 

Lower Miocene. 
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lrrawauui Series. 
Thickness 
unknown. 

9. Zone of Turritella acuticarinata Dunk. 10 feet. 
8. Tltayelmgo-Sanistone....... . ..... 1000 1/ 

(?) 8. b. Zone of 08trea peguell<lis 
spec. nov. 
(?) 8. It. Zone of Ostrea pro-mensis 
spec. nov. 

g 7. Zone of Area tlteobaldi spec. nov. 'I ·bo 
§ 6. Zone of ParallelipipedulJt p1"ototor-

.~~. tUOSU1lt spec. nov .. ... . .... . .. . 
en ~ 

"i;: d 5. Sanustones and Shales not seen . . . . 
A 0 .... 
Sc 
~ 

4. À series of sandstones anu shales 
containing probably several fossili-
ferous horizons ... . . ..... .... .. . 
4. b . Zone of PlIOlas orie.nlalis GroeI. 
4. a. Zone of Aricia ltU11Ierosa Sow. 
spec. 

20 1/ 

500 1/ 

514 1/ 

3. Zone of Oytherea erycinlt Fav.. . . . . 5 1/ 

. I 
g 

• <iJ 2. Prol/le-Sandstone . ... ...... . .... . 

I ~ 1. Siisyaltn-shales . . .. ... ...... .... . 

B. Upper Burma. 

a. M2·nbu. 

1418 feet . 
800 1/ 

rrhough of course 'rertiary beds are exposed every where north 
of 'rhayetmyo between this place and Minbu, no examination has 
been carried out in this part of the country. The southernmost 
locality where 'rertiary beds have been studied in upper Burma is the 
small village of Minbu Lat. 20° 10' N. Long, !)40 56' E on the 
right bank of the Irrawaddi, 423 miles by river from Rangoon. 

Any section near Minbu, taken from the river bank in western 
direction proves that the strata form an unsymmetrical anticlinal 
arch, the sides of which are formeel by the Irrawaddi-series while 
in the centre the Pegu-division is exposed. Near the river the 
beds dip vertically and are even reversed at some places; this ver
tical dip eontÎnlles for a distance of about 1000 feet from the 
l'lver bank, but then tbe angle lessens and within a distallce of 
ti 00 feet, in horizontal direction, from the last vertically dipping 
bed, the strata dip at an angle of 15° towards East; the angle 
becomes smaller and smaller, till it is perfectly horizontal in the 
low ridge forming the northern end of the valley in which the 
mud volcanoes are situated. 'l'he dip assumes now rather quiekly 
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a western direction and an angle of 12° to 15° is observed which 
apparently remains unchanged, as far as I have followed the strata 
in western directioll. 

,!'he strata exposed in this anticlinal consist of layel's of hard 
sandstone near the river bank, separated by beds of brown clay; 
the hard beds disappear and are gradually replaced by olive 
coloured clays containing gypsum, and occasional layers of flaggy 
hard sandstone. In the centre of the Anticlinal the clay assumes a 
more bluish colour, tbe intercalated beds of sandstone being brown; 
this last named series is exposed for about 150 feet in thickness 
and contains the fauna mentioned below. 'l'here are apparently 
several fossiliferous beds, but the fauna here described comes from 
a bed of light coloured calcareous sandstolle close to the surface, 
which 1 termed zone of Cancellaria martiniana. 'rhe following f08-
sils have been uescribed from this bed: 

1. Paracyathus caeruleus Duncan. 
2. Pecten irravadicus spec. nov. 
3. Pinna spec. 
4 . Ar'ca bistrigata Reeve. 
5. Nucula alcocki Noetling. 
6. Dione dubiosa Noetling. 
7. 1/ protophilippinw'"U1It spec. nov. 
8. Tellina hilli Noetling. 
9. Gari kingi Noetling. 

10. Corbula prototruncata spec. nov. 
11. Calliostolna blanfordi Noetling. 
12. Solarium maxillZU71t Philippi. 
13 . T01inia pr'otodorsuosa spec. nov. 
14. 1/ buddha Noetling. 
15 . Discohelix minuta Noetlfng. 
16 . &alaria spatkica spec. nov. 
17. 1/ birmanica Noetling. 
18. 1/ irregularis Noetling. 
19. Turritella aifiniJor'llZis spec. nov. 
20. Calyptmea rugosa Noetling. 
21. Natica callosa Sowerby. 
22. 1/ obscura Sowerby. 
23. O!!pmea gmnti d'Arch. & Haime. 
24. Cassis d' archiaci N oetling. 
25. Semicassis pr'otojaponica spec. nov. 
26. Oniscidia mirwuensis Noetling. 

27. Ficula theobaldi N oetling. 
28. Triton pardalis Noetling. 
29. Ranella prototubercularis spec. nov. 
3ll. Fu,sus seminudus spec. nov. 
31. Fasciolaria nodulosa Sowerby. 
32, ' Murex arrakanensis Noetling. 
33. Volvaria birrlZanica N oetling 
3 I, Voluta ringens spec. nov. 
35. 1/ dentata Sowerby. 
36. Oliva rllfula Duelos. 
37. Cancellaria davidsoni 0.' Arch & HaÎme. 
:l8. 1/ martiuiana spec. nov. 
39. Terebrum srnitki K. Martin, 
40 . Subula spec. 
41. Surcula feddeni Noetling. 
42. GelZota irJ'avadica Noetling. 
43 . Clavalula pl'otonodiJera spec. nov. 
44. Drillia protointerrupta spec. nov. 
i.j, Conus malaccanus Hwas. 
46 . Balanus tintinnabulum Linnè. 
47 . Callianassa birlnanica spec. nov, 
48. Cancer spec. 
49. Myliobales spec. 
50. Carcharias gangeticus Müller & Henle. 
51. Galeocerdo spec. 
52. O:ryrltina spalanzanii Bonaparte. 

l'he delimitation of the groups composing th is section is not 
very easy; it seems unq uestionable, that no strata belonging to 
the Pro1Jleian come to the surface, though the existence of th is 
group in greater depth in unquestionably proved by the mud ejec
ted by the mud volcanoes, the appearence of whieh is exactly like 
that from the drilled bore holes of Yellangyoung. 
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The oflcurence of fragments of fossil bones among which llrionyfl) 
spec. was recognized in some of the conglomeratic beds llear the 
river bank proves that the strata here exposed belong to the Irra
waddi-series, though there appears to be a gradual passage to the 
upper beds of the Yenangyoung1·an. rrhe sectionnear Minbu would 
be therefore in . descending order: 

Pliocene. 

Upper Miocene. 

Lowcr Mioccne. 

lrrawaddi Series. 

5. Minbu-shales, olive coloured unfos
siliferous clay, with layers of hard 
concretionary sandstone ... . . . . . . . . 

4. Bluish clay, unfossilifcrous ..... .. . 
3. Zone of Cancellaria lII.artiniana spec. 

nov ... . _ .. . ....... . ... '" . . . , . 
2. Bluish clay with laycrs of fossilife-

rous sandstone ...... . .. ........ . 

1. Petroliferous sands!'ones anel clays, 
not exposed. 

b. Yenangyou7l!J. 

Thickness. 

Unlrnown. 

1300 feet. 
50U ti 

5 ti 

löO ti 

Fnknown. 

'rhe important village of Yenangyoung, Lat. 20° 29' N. J ... ong. 
94° 56' E. is situated on the Ieft bank of the Irrawaddi 458 
miles from Rangoon. 'l'he strata form a very flat, symmetrical 
arch, the top of which has becn greatly planed down by subse
quent denudation. As almost all the chief valleys cut the anti
clinal arch at right angIes, very goodsectiollS can he seen, but it 
is only for the comparatively small horizontal distance of 5100 
feet, measured aiong the line of greatest exposure, that beds older 
than the Irrawaddi-series are exposed in the centre of the 
anticline. 

Marching from the river in eastern direction, strata belonging 
to thc Irrawaddi-series will be observed dipping at 37° to 38° in 
southwestern direction ; the Iower boundary of the lrrawaddi-series 
being weIl defilled, their thickness was fonnd to be 4620 feet. 
Below the basal bed of the I1'rawaddi-series, the zone of Hippo
theriu1lt antelopinum and Acerotheriu1Jl perimense, follows a series of 
soft, olive-colourcd clays, alternating with thin beds of sandstone. 
In the top Iayer, immediately nnderneath the basal conglomerate 
I discovered on the eustern side of the anticlinal arch near Min-
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lindoung two patches full of shells of Cyrena (Bati88a) crawfurdi 
Noetl. and Oyrena (Bati88a) peh'olei Noetl. but nowhere else 
have these species been found again. I therefore termed the top
layer of the Yenangyoungian zone of C!JTena crawfurdi, though 
it must be understood that it is unfossiliferous for the greatest 
part. The following fossils have been descrihed from th is bed: 

1. O!/rena (Batissa) crawfurdi Noetling. 
2." " petrolei N oetling . 
3." "kodoungensis spec. nov. 

Except for this local occurenee the Yellan!J!J0urlgian is absolutely 
unfossiliferous and even the most careful examination failed to dis
cover any fossils, on the other hand the strata are full of gypsum. 
In the very centre of the anticline, and exposed for about 1320 
feet in horizon tal distance , fOl'ming a ver'y flat arch, thc top beds of 
the Pro1Jleian, charactcl'ized by bluish gre'y sandstones and blue cla'ys, 
rise to the surface. 'l'he sequence of the P?'omeirltt has heen 
dernonstrated h'y the native pit-wells as wel! as b'y sections from 
bore holes, and so far wc can sa'y that it is composed of a series 
of bluish grey sandstones, of ten charged with either water or petro
leum, separated b'y clunchy cla'ys of bluish colour. 

'l'hc thickness of the Pro1Jleiatt is not fuIl 'y known yet; in the 
centre of the Anticlinal, where the heds are almost flat the drill 
weilt through upwards of 1100 feet without touching its base. 
'l'he strata are generally unfossiliferolls, onl'y in the Ilpper part, 
about 150 feet from the top a fossiliferous la'yer of small exten
sion, containing a curiously mixed fauna of trul'y marine species 
and terrestric animais, has been found . 'l'he following species have 
been described from this bed, which I call zone of Anoplotheriu1Jl 
birmanicu1Jl : 

1 . Paracyathus caeruleus Duncan. 8. Carcll(tria.~ !J(t1t.r;etiC1I8 M iillel' &, HCllle. 
2. Peclen kokelliallus spec. nov. 9. Silul'oid. !Jen. 
3. Lithodomus spec. 10. P!/tlwn cf. 1IZolu1"/J,8 Linné. 
4. A"ca bistn!Jata Dunker. 11 . (}I'ocodilus pallt.îlris lJéss. 
5. Dione pl'otophilippinarm/l spec. nov. 12·. Ghanalis fjal/geticlI.s Gmelin. 
6. OardiuTn (j. l1ûlIlmense spec. 1lOV. 1 3. A1/.oplollteriul/I. Itirll1a1tÎcltll/. spec. nov. 
7. Myliobaks spec. 

This list does not include all the spemes found, there are two 
more species of cOl'als, a few more gastropoda and several species 
of vertebrata, hut the specimens arc too ill ' preserved to allow for 
even the determination of the genus. Thc bed contained a con si
derable quantit'y of iron pyrites, the desintegration of w hieh des-

Verhand. Kon . Akad . v. v.' etenseh. (2' Sectie). Dl. VJI. Hij 
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troyed the molluscan shells, while the vertebrata are generally very 
badly rolled. 

'l'he section in the Yenangyoung Antieline is there fore as 
fo11ows: 

Pliocene. 

Upper Mioccne. 

_ I 

Lower Miocene. 

Irra wa ddi -Series. 

8 . Zone of 01/1'ena crazojzwdi . . . .. . . . . 
7. Unfossiliferous olive coloured clays 

containillg gypSUill .... . . . .. . ... . 

6. Unfossiliferous bluish clays and sanrl· 

stoIles incl. 1 st oilsanrl .... . ... .. . 

iJ. I'JÛnc of Anoplotheriu'/JI. IJirlllaniculit .. 

4. Unfossilifel'ous, bluish clays anr! sand-
stoIles incl. 2nd oilsand ...... . . . . 

3. Bluish chty . . ..... . .. . . . . . ... . . . 

2. Unfossiliferous sand (4nd oilsalld) . . 

1. A series of altcl11ating sandstones 

anrl clays of bluish colour, contaill-
ing several petroliferous bcrls .. ... . 

c. 8ingu. 

Thickness. 

4620 feet. 

20 feet . 

1080 11 

150 1/ 

o 1/ 4" 

50 1/ 

20 1/ 

30 1/ . 

850 1/ -

The little village of Singu, 518 miles north of Rangoon, is situ
ated on the left bank of the lrrawaddi, Lat. 21 0 5' N orth and 
Long. 940 51' E., near the eastern end of the cross channel, whieh 
the lri'awaddi has dug through the Peg'u and h-mlcaddi-series 
exposing one of the finest sections through the Upper 'rertiary 
beds that can be seen in BUl'llIa. 

'J.1he stratá form an uns'ylllJlletrical anticlinal areh, the eastern 
side of whieh is the shOl-ter; in the centre the YenaJl!lyou'tl.gt·an is 
exposeel and the western side is mostly composed of the 1?-rawaddi
series extending in western direetion as far as Si 1 e m'y 0 allel 
exhibiting a thicklless of not less than ZO,OOO feet. 

'l'he late Mr. Grimes has measnred a good sectioll about th ree 
miles south of Singu,and 1 sha11 comhine here his, with 1I1'y own 
observations. Marching from Singu in western direction the beds 
of the frmwaddi-series wiU first he met with along the bank of 



THE MIOCENE OF llURMA. 35 

a little stream, dipping at a very high angle in eastern direction ; 
the dip lessens and gradually conglomeratie beds containing frag
ments of fossil bones are met with, which indicate the base of the 
Irmwaddi·series. Immediately below and apparently conformably 
foliows the YenaJl!J!/oun!Jian, characterised by a series of olive colol1-
red clays with intercalated strings of harder sandstone. According 
to the late Mr. Grimes these beds for which the name Singll
shales would he appropriate, are unfossiliferous up to ft thickness 
of 1450 feet from the top. 

The highest fossiliferons bcd met with, is a band of calcareous 
sandstone of brown colour, containing a few ill preserved specimens 
of Ca?'dita tjidaJJlare1lSis K . Martin. 

Below this bed follow some more unfossiliferous beds of greenish 
colour measuring about 100 feet in thickness, aftcr w hieh one of 
the most import.'tnt beds is met with. 'l'his is a very hard glau- . 
conitic sandstolle of bluish green or dark grecn colour, containing 
a rich faun a; the shelJ s are generally weil prescrved and shine out 
beautifully in their w hite lustre frol1l thc snrrounding bluish green 
matrix. From the freqnency of Nytilus m'cobariclts Chemn. I ter
med it zone of M!Jtilus nicoóaric1t.s, alld the species deseribed from 
this horizon are given in the following list: 

1. Parac!Jatlt1t8 caerulells Duncan. 
2. Lima protosijllalJ/.08a spec. nov. 
3. Pecte/! irravadiclls spec. nov. 
4. Vulsella linguatigris spec. no\". 
5. Mytilus nicoóm-icl18 Chemnitz. 
6. Modiola óllddhaica spec. nov. 
7. 1/ pseudobuddha·ic{l. spec. nov . 
8. Arca mstrigala Reeve. 
9. (Jardila viljllesll.eli (L' Arch. &, Haime. 

10 . 1/ planicosla spec. nov. 
11. 1/ cf. uilttaóilis cl' Arch. &: Haime. 
12. Cra8satella dieiteri spec. nov. 
13 Cardim/l, li/.inlmense spec. nov. 
H . Meiocardia melavulgaris spec. nov. 
15. Dione pl'otolilacina spec. nov. 
16 . " aJlly.r;daloides spec. nov. 
17 . 1/ protopltilippinll7·wi/. spec . nov. 
18. Tellina grilJlesi spec. nov. 
19 . Gm-i deuterolci1Jfji spec. nol'. 
20. CQ1'óula l'U(fosa Sowerby. 
2 I . De1ttalilt1J/. j /ll/.flhuhni K. MRrtin . 

22. 
23. 
24. 
25 . 
26. 
27. 
28 
2(). 

30 . 
3L. 
32. 
33 . 
34. 
:15. 
36. 
37 . 
38. 
39. 
10 . 
4!. 
·~ 2. 

Ca,lliostouw, IJ laufordi Noetling . 
BIlsalis8a 10riolia1tlt spcc. nov. 
Soun-iJtin waxim.ulJI. l'hilli pi. 
l'/lrrilell((. "iJllple.r. Jenkins. 
.'Yili '1IlO1-ia "pec 2. 
G'al!Jplraea rU/losa Noetling. 
Nati"a oó"cllra Soweruy. 
Si.r;aretu8 1Jel-itoweuJJ Linne. 
O!Jpraea .r;1'anli (l'Areh. &, Haime. 
Galeodea 1JlOltilifera. spec. nov . 
l'icllla th/Joóa/di Noctling. 
P.'Irulll IJIlr.ephala Lamarck. 

" p8elldoóncephauf. spec. nov. 
Oliv([, r/lf'llLa Duelos. 
Genola irral,adica Noctling. 
CUII'allll((. jlllJlliltata. Kiener. 

" prolo1todifera spec. nov. 
COltllS a1!a/1It8is spec . nov. 
Catlianassa IrirJ/tltnica spec . nov. 
OJ.:'fI"hi Jla. spalanza,nii Bonapnrte. 
0(1I'('hal'i{l8 /lall!/e!i('/ls MiiJler &, HenIe. 

Then 
colonr 
layer , 

follows a series of unfossiliferous beds of olive green 
measurmg about 300 feet , and then an other fossiliferous 
which I termed zone of Meiocard~'a lIIetavul!Ja?'is IS 

B 3* 
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met with 1). This zone is represented by a soft argillaceous 
sandstone of brown colour containing however a number of 
grains of glauconite. 'l'he lithological appearence leads to the 
belief tbat volcanic ash has greatly contributed towards its compo
sition. Another curious feature are numerous lumps of hardened 
clay which prove unquestionabl) th at previous to their imbedding 
the) were perfectly riddled by the holes of Lithodo1Jlu8 spec. which 
became subsequently filled up with the sUlTounding matrix. Fos
sils are numerous, but therc is no grcat variety and the preser
vation is not always the best, particularly thatof the Gastropoda, 
tbe sbell of whicb bas been almost always destroyed. 'J'he following 
is tbe list of fossils described from this horizon : 

1. Pamcyathu8 caerulel/s Duncan. 
2. P eclen irravadic"/Is spec. nov. 
3. Avic/tla suessiana spcc. nov . 
4. Vulsella lingua tigris spec. nov . 
5. Modiola /mddhair'{/ spec. nov. 
6. Lithod01l/'I/8 spec. 
7. Arca histrigata Reeve. 
S. XI/cu/ct alr:ocki Noetling. 
9. LedrL birlllanim spec. nov. 

10. Cm'dila 8cab,.osa spec. nov . 
11. 1/ lj-id(f.1Iwrellsh K. Ma.rtin . 
12 . 1/ l;i'luIJs lIeli d'Arch. & Haime. 
l3. 1/ (I 1I/ulobi!is d' Arch. & Haimc. 
14. U),fUJsa felta dielleli spec. nov. 
15 . Meiocal'dia meta1!1t1.garis spec. nov. 
16. Dirme prololi/.rwh/(/. spec. nov. 

17. ])ion!! prolophilippinaru1I/. spec. nov. 
18. Tel/imf, .r;ri'l/lesi spec. no\'. 
l!l . Gari lci.ugi NoetIing. 
20. Uorbula l'l/goaa Soweruy. 
21. Ualtioswmu ólaujordi NoetIing. 
22 . Tunica pl'olo1l/0nilijera spec. nov. 
23. Basalillsa /oriolimw, spec. nov. 
24. Solariul/l. 1IIa.ri1ll1l1J/, Philippi. 
25. ()ypraea graltti cl' Arch. & Haime. 
26 . Galeodea 1IlOnilijera spec. nov . 
27. Ficltlrf, theobaldi NoetIing . 
28 . CO?t1f.Y avai:nsi.y spec. nov. 
29. Batan'l/s tintinnalml'lll/l. Linné. 
30. Ualliana..'J~a birlllunica spec. nov. 
3 1 . O.ryrhina spalanzanii Honaparte. 
32. Um'('hanas gfl.1'geliclIs Müllct & Henie. 

Tbcn follows allotber 300 feet of unfossiliferous beds, below 
which there are several thin layers of hard sandstone, the surface 
of which is covered with numerous fossils ; most of them are how
ever in a very fragmentary state of preservatioll and only a few 
species could be specificallJ determined. Thc following is the list 
of fossils described from this bed, ternled zone of Diolle dubio8a : 

1. Lltc-ina d' (/rchia.f.,iall{f, spee. nov. 3. Oor/mlo. prolotrt/1tcata spec. nov. 
2. Diolle dubiosa Noetling. 4 . Scalarin. leptopleura.ln. spec. nov. 

'l'hen follows another series of unfossiliferous beds measuring 
about . 300 feet below which must come the Pro?lleian, though this 
group is apparently nowhere exposed on the surface ; the section 
in descending order is therefore: 

' ) This bed is identical with the CY}JI·ica/'dia·bed of my former paper (Develop. & 
Subdiv of Tert. pag. 74). At tbe time tbe true generic position of Meiocal'dia meta
!Julgal'is was not known to me and mi sled by the sbape I believed it to be a CYP,·icardia. 
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Pliocene. 
~ I ~ ~hiCkneSS. -

Irmwaddi Series. 
20,000 feet. 

----------~~--~--------------------

Upper Miocene. 

. ~ 
Lower Miocene. Q.) 

S o 
p:: 

10. SillfJlt shales, unfossiliferous ... .. .. . 

9. Zone of Cm'dita fjidallla1·ensis . ... . . 

8. Unfossiliferous sandstone &, Cl:Ly .. . 

7. I'..one of Mytitlls uicoóaricltIJ ... . .. . 

ri. Unfossiliferous sandstone &, Clay .. . 

5. Z:.me of Meiocw'dia metavulyaris . . . . 

4. Unfossiliferous sandstone &, Clay .. . 

3. Zone of lJione dubiosa .. .... ..... . 

2. Unfossiliferous sandstone &, Clay . . . 

1. Petroliferous Sandstones and Clay, 
not cxposed. 

d. Yeltan!/!Jat . 

1450 feet. 

o 1/ 6" 

100 1/ 

o ,,6" 

300 1/ 

1 1/ 

300 1/ 

o 1/ 6" 

300 " 

Unknown. 

'rhe little village of Yellangyat, Lat. 2öo ö' North, Lat. 94° 51 
.East, is situated 011 the right bank of the lrrawaddi about 540 
miles from Rangoon, at the eastern foot of the '1,1 a n g y i hill range. 
This range is forrned by all unsymmetrical Anticlillal, dipping 
almost vertically on its eastern, and very gentlyon its western 
side. Wherevel' the valleys have cut in deeply cnough, the Yenan
!/you71!/ian can be seen in the centre, while the sides are fornled 
by the Irrawaddi-series. 

Marching from the riv er bank along the Yananchoung-mvine in 
western direction for about 500 or 600 feet horizontally the 
Irrawaddi-series can be seen, dipping at about 70° to 80° in eas
tem direction. 'rhe dip slowly decreases to about 45° at a distance 
of 1200 feet from the river, and then suddenly changes to 7° 
West. Below the Irrawaddi-scries follow olive coloured clays with 
interstratified beds of sandstone, sometimes very hard, sometimes 
rather soft. 'rhe thickness of this series seem to vary greatly 
owing to the extensive denudation which it underwent, previous to 
the deposit of the lrrawaddi-series . In the Yananchoung ravine I 
observed a thickness of about 500 feet, but the late Mr. Grimes 
thinks that at some localities in the Tangyi-range it is rather more. 
'fhe correctness of this view must be proved by future resear
ches. Fossils are scarce and scattered, generally ill-preserved, but 
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apparently of marine charactel', 110 estuRl'ille types occlll'ing, thougb 
tbe upper unfossilifcrous beds prove by the occurence of gypsum that 
they belong to the estuarine facies. A few fossils have been found. 
about 350 feet above the base of the Yenangyoungian in a hard, 
thinly bedded sandstone, the surface of which is covered. whith a 
perfect agglomerate of shell fragments . From the frequency of 
Dione dubiosa N oetl. this zone has l'eceived its name and the f01-
lowing species have becn recognized: 

1. Luchut d'archiol:iana sjlec. nov. 3. Codmla prototruncala spec. nov. 
2. Diolle dltm08a Noetling. 4. Scalaria leptoplellrala spec: nov. 

'r'he Yelta71gyoun!!ian gradually passes into bluish coloured. heds, 
alld tbe zone of Pamcyathu8 caeruleU8 Dunc., as I tel'med it af ter 
the most frequent species, appal'ently cOllcludes this series. 

'rhe following species have been describcd from this horizon: 

1. Pamc!lltt/I/(~ r:oer/(le/(~ Duncau. 2.J.. Tritol/. jJllrdali8 Noetling. 
2. Enpsa/llJilia re!/alis Alcock. 2:>. 'IIea.striatlttll.Y spec. nov . 
3. Peden in·amdicII~ spec . nov. 26. RlmeZZa prototnbercnlaris spec . nov. 
4 . .Al·m bistrifJola Rceve. 27. }i'IISII.Y seliliwwus spec. nov . 
5 . K/II'lIla IIlcocki N oetl ing . 28. Pa.wivlaria norl"wsa Sowerby. 
6. hllciila pllfJmut spec . nov . 29. Af,we.v (?) tchilw.tdleifi cl'Arch . & Haime. 
7. IJ-ione 1I11/!J!/dawides spec. uov. 30 . Volnla denlata Sowerb:r. 
8 . " pmlophilippinarwl/. spec. nov. :31 . OliVft n~fltla Duclos. 
9. Tellilla MUi Noetling . 32. Cancellaria psendocancellala spec. nov. 

10 . Gw·i killfJi Noetling. :n." dalndsoni d' Arch. & Haime. 
11. Solen spec. 34. 11 martiniana spec. nov. ' 
12. CaUio~tolllll btol~rordi Noetling- 35. 'l'erelmlli/. spee. 
13. Sola.riulH/lllI,t'i1lmm Philippi. 36 . Snrcnla. feddeni Noetling. 
H. l'orinia blldclha Noetling. 37 . Drillüt yenallel/,yis Noetling . 
15. TIl1"1"ilella ajJimjur/JIis spec. nov. 38. CO/I./IS IIwlllrcanus Hwass. 
16. Siliqu{(ria spec . 1. 3H. 11 pmtoflt1'vlUJ spec. nov. 
17. CalJptraea. 1·/lfJOMl Noetlillg. 40. 11 !/a.lensis spee. nov. 
18 . Natiea callosa Sowerb,Y. ,U. Ba.la.nUIJ tintinllMuluJII. Linnè. 
19. 11 oóacl/ra Sowerb,Y. 42 . Callianassa mrmanica spec. nov. 
20. Si!/arelus Ileritoidens Linnè. 43. Myliobafes spec. 
21. Oypmea !/rmtli cl' Arch & Hairne. 'H . O.c!Jrllina ~palanzanii Bonaparte. 
22. Trivia smithi K. Martin. 45. Cal·ckar'ÏlUJ fJanfJetiC1UJ Müller & HenIe . 
23. Ficula tlteobaldi Noetling . 46. Otolitkns spec . 

Below this bed follows the monotonous series of the Promeian 
composed of bluish sandstones and clays, the former charged with 
petroleum; this group is known to upwards a 1000 feet without 
fiuding the base. 'fhe following would therefore represent the 
section in the Yananchoung ravine, though it must be under
stood that it probably does not exhibit the fuIl thickness of the 
Yenangyoungian. 



Pliocene . 

Upper Miocene. 

Lower Miocene. 
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Irra w:LCl!li Series. 

ij. Unfossiliferous clays of olive colonr, 

altemating with sandstone . ..... . . 

4. Zone of Dione dltóiusu .. . ... . . . ... . 

3. Unfossiliferons cla.vs with hard con-

cretions and be(ls of sftndstone .. . . 

2. Z';one of Pora(:.ljothu8 l'oerllleIt8 .. . . . . 

1. A serIes of unfossiliferons sundsto

nes freynently petroliferons, alter

nating wit)J. be(ls of cla.v .. 

e. Chindwin Di8trict. 

39 

I Thickness 
I notmeasurecl . 
I 

150 feet. 

10 1/ 

350 1/ 

10 1/ 

1000 feet. 

T visited the Chindwin district as far back as 1889 and sin ce 
th at time 110 furt her survey of this remote and jungly district 
has heen made ; I . examincd howevcr two fairly good sectiolls along 
the Nantahin ravine alld the bed of the Yu-river. My visit was 
however a rather hurried one alld I was HOt ab Ie to spend much 
time in searching for fossils. vVhether the YenaJl!J!l0lt7~r;ian is there
fore really destitute of fossils as it appeared to be, or whether 
fnture researches will reveal the existence of fossiliferons beds, re
mains to be seen. lil descending order the section is as follows. 

Pliocene. lrm wad<li Series . 20,000 feet. 

.: 
Upper Mioeene . 0 . ;n Yenangyouugian . 3000 feet. 

.:; 
- --- .. ----- A 

:!:J Lower Miocene. bo 

~ 
Promeian. 3800 feet. 

'rhe occurence of the Yenan!l!l0'Ul1!lian is not heyond any doubt 
as the lithological characters of this series are rather those of the 
Promet·an viz. pepper and salt coloured sandstone, alternating with 
beds of bluish day. 'rhe probability that the Yenan!l!l0un!lian has 
not been deposited at aU in this part of the country is hy no 
means small. If this view be correct and the whole series were 
to represent the Promeian, an unconformity would exist between 
the Promeian and Yenan!l!loun!lian. This view is to some extent 
corroborated by observations in the Yenangyoung oilfield, where a 
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lomloverlap of the YeJtangyoungia1t has been J1oticed. It requires 
however a good deal of further researchcs bcfOl'e this question can 
be finally decidcd. 

f. Gorrel,ttiolt of t!te dijlel'ellt :1ecti01l8. 

T JI the following tablc I tried to cOl'relate the first five sections 
olltittillg that of the Chind will district fol' not giving a sufficient 
alllount of detail. Each seetion is drawIl to scale of thickness in 
order to show thc position, the fossiliferous horiwlIs hold ill the 
sequence of strata. Tn explanation a few wonls must however be 
said, othcl'wise all enolleous idea might he concieved. 'l'he table 
does not show the cOl'l'elatioll of the different fossiliferous horizolls, 
alld does not pl'etend to do 80. Each section, as aheady said, has 
heen dmwll to seaIe, that is to say the fossiliferous hol'Ïzons are 
represented in their correct height above the base of the Yenall
f!!l0UllfJ'iall, exccpt those of A.,.icia lrulllero8a alld P IIOla8 orien
tahs the positioJl of whieh in the sequencc is 1I0t known (see 
ahove pag. 23) aJul theil' place is therefore a purely hypothe
ticalone. 'l'he still more dou btful hOl'izollS of Ostrea pefJuen8i8 
alld Ostrea jH'olllell8is have bcell elltirely omitt.cd, though if my 
supposition is correct they ollght to be shown in the 'l'hayetmyo 
sandstone. 

'l'he sectiolIs have heen placed J1ext to each othel', assuming at 
the same time that the bOllndary betwecn the PTO//leian and 
Yenan.r;YOUllfJiall rcpl'esents a consta,nt level. lf th is view is correct, 
the sections would prove bettcr than the descl'iption, that the 
houlldary hetween thc YeJlaJtfJyoungian and thc Irrawaddi-series is 
a very il'l'egular Olie, ill other words th at there exists an uncon
formity between thc PefJu-division (Miocene) and the Irrawaddi
series (Pliocene) . At places the denudatioll of the YetlangyounfJian 
caused a considerabie portion of its upper part to disappear, and 
though for illstance the wnc of Gyrena craufurdi represents 
at present thc top of the Yen an!JYo utlfJian , it was ol'iginally much 
fnrther down in the series and its high position is only an appa
rent one. I have dwelt on the unconformity between the two 
great divisiollS of the 'l'ertiaries in Hurma on pag. 7 & 8, and if my 
view he correct, the theol'y of an unconformity hetween the Arra
kan and lrrawaddi-series is stl'ongly supported hy the sections. 

On the other hand the regularity of the boundary bet ween 
Promeian and YenangyounfJian is by 110 means an established fact, 
and I spoke above of the probahility of an llllconformity between 
the two parts of the Peçu-division, If snch an unconformity 



Thayetmyo, Frome. I 
Irrawaddi-Series. 

Zone of Turritella acu
tiearinata. 

Thayetmyo-Sandstone. 

Zone of Area tkeo
baldi. 

Zone of Parallelipip. 
vrototortuosum. 

Zone of Pkolas orien
talis. 

Zone of Aricia ltUlIIe
rosa, 

Zone of G!ltherea er!l
ctna. 

Prome-Sandstone. 

(petroliferous & Car
boniferolls). 

~itsyahn-Shales . 

Minbu. 

Irra1oaddi-Series . 

Minbll-Shales . 

Zone of Oaneellaria 
martiniana. 

Petroliferous Sand
stone. 

Yenangyollng. 

Irrrt1caddi -Series. 

Singu. 

Irrawaddi-Series. 

Singu-Shales. 

Zone of Oardita tjida
ma1'ensis, 

~: Zone of Mytilus nieo-
Zone of Ogr~na cralC- I baricus. 

fltrd~, I Zone of Meioew'dia 

Twingon-Shales, 

Petroliferolls sand - I 
stone. 

lIIetavulgaris. 
Zone of Dione dubiosa. 
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2. VERTICAL DJS'l'RIBUTION OF 'l'HE FOSSILS. 

A. Geneml Remm·k8. 

In the following table 1) thc vertical distribution of the fossils is 
given; fol' convenience sake thc five horizons of lower· Burma 
bave been put togetber, w hile the remaining eight rcpresent those 
of upper Burma. In the last column those fossils are enumerated 
the geological horizon of which is not known, but of w hich it is 
certain th at they do not oeóur in any of the named horizons. 

rrhe sequencc of the columns does therefore notexactly repre
sent the natural seqllence of the horizons, hecause without know
ning more about the correlation in upper anel lowel' Burma I 
think it better not to mix them up anel to arrange a scquence 
which may aftel' all be perfectly wrong. The seqllence of the 
horizons in lower Burma is given as I believe it to be, in upper 
Burma the natural sequence is given, ex cept that for reasons explai
ned above, it is not quite ccrtain whether the zone of G!/rena 
crawfurdi occupies really ft position at the top of the Yenan!J!/oun
!Jian or not. 

R. 1 he Fauna of the Yenan!J!!oun!Jian. 

'rhe contents of the above tab Ie can be condellsed in the follo
wing way, the figure of first column giving the number in how 
many horizons a certain species occurs; in the other columns the 
classes showing number of species are given. 

') See list of fossiIs pag. 44 ff. 
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I Anthozoa. Echinoülea Pelecypoda. I Gastropoda. Crustacca. I l)isces. 

I 
I 

I I 

13 - - - - - - -

12 - - - - - -

11 - - - - - -

10 - -- I - - -

9 - -- - -- - -

8 - - - 1 1 -

7 1 - 1 1 - -
6 - - 4 4 1 -

5 - - 1 - - -

4 1 -- 4 5 - 1 

3 - - 8 9 - 1 

2 1 1 19 19 - 1 

1 1 1 38 57 - 2 
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1. 2. 3. 4. 5. 

Zone of ~ne of Zone of 
Zone of Zone of 

A1-icia Pholas Paralleli 
O!!therea 

hwnel'osa. orientalis. .pipedum Arcatlzeo-
Name of Species. er!!cina baldi. 

I Frome. Thayet- 'fhayet- prototo-r-
Kama. 

myo. myo. tUOSUlit . 

I 
Kama. 

ANTHOZOA. I I 
I 1. Oeratob'ockus alcockianUIJ spec. nov. * - - * - -

2. Flabellu11l distinctu1n Milne Ed wards. * * * * --
: 

3. Paracyatkus caeruleus Duncan. -- - i - * * 
4. Eltpsa1J1.1J/.ia 1'egalis Alcock. - - - - -

Ecil1:\ OIDF.A. 
I 5. Oida1-i1r spec. 1. - -- - * * 

6. 1/ spec. 2. -- - - - * 
7 . Olypea8tel' duncania1llt8 spec . nov. - - - - -

PELECYPODA. 

8 . Os/rea peguelt8Ïs spec. nov. - - - - ..-

9. 1/ P'01lle1t8Ï8 spec. nov. - - - - -

10 . 1/ 1/ spec. nov. var. - - - - . -

11 . 1/ papyl'Ocea spec . nov . - .- - * * 
12. SpondylUlr spec. 

I 
- * - - _. 

13. l i ma gnesbachianlt spec . nov. - * - - --
14 . 1/ protaqlUJ.1lIo8a spec. nov. - - - - -

I 
15 . Peelen protosenatoriu,8 spec . nov. I - - - - --

16. 1/ lrokeniamt8 spec. nov. I * * * * * 
17 . " il'ravadielt8 spec. nov. , - - _.- - - .-

18. Avicula silessiana spec. nov . - - - - -
19. Vnlsella lingua/ig1-i8 spec. nov. - - - * -
20. Mytilu8 nieobw-ieUIJ Chemnitz. - - - - -
21. Modiola buddltaiea spec . nov . - - - - - -
22. 1/ pseudobuddhaica spec. nov. - - - - - -

23. IJithodornus spec. - -- - - --
24. Pinna spec. - - * - -
25. Area burne8i d'Archiac & Haime. - - - * --
26. 1/ theobaldi spec . nov. - - - - * 
27. 1/ thayetensi.'! spec . nov . - - - - -
28 . 1/ 11letabistrigata spec . nov. - - - - * 
29. 1/ bi8trigata Reeve. - - - - -
30. " oldka11liana spec. nov. - - * - -
31. 1/ ya/oensi.'! spec . nov . - - - * -
32 . 1/ 1Ilyoënsis spec. nov. - - - - * 33. 11 nannodes K . Martin. -' - - - * 
34. 11 bataviana K. Martin. - - * - * 
35. 11 peethensi8 d' .A.rchiac & Haime. -- - * * -

36. Parallelipipedum prototort'WJ~~m spec. nov. - - - * -
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6. 7. s. 9 . 10. 11 . 12. 13. 14. 
Zone of Zone of Zone of Zone of Zone of Zone of Zone of . Zone of 
A7UJplo- Paracy- Cancella- Diane Meiocar- Mytilus Cardita Oyrena Uncer-theriuln atkus na mar- dubiosa. dia meta- nicobari- ijidama- crawfurdi. tain. m1'IIULni- caeruleus. tiniana. Yenan- vulgaris . C1t8 . rensu . Yenan-

CU11/.. Yenan- Minbu. gyat Singu. Singu. Singu. gyoung. 
Yenan- gyat. & Singu. 
gyoung. 

* * * * * 
* 

* 

* 
* 
* 

* 
* 

* 
* * * * 

* 
* * 

* 
* * 

* 
* * 

* 

* * * * * 
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.. 

I l. 2. 3 . .J., 5 . 

I Zone of Zone of Zone of Zone of 
Zone of 

Aricia , PholaJ Pamlleli 

Name of Species. 0!lther,ea 
humerosa. orientalis. pipedurn Area theo-

ery;cina. 
Thayet- Thayet- prototor- baldi. 

Prome . tuosum. Kama. 
myo. myo. 

Kama. 

37. Ou~llaea protoeonea'merata spec. nov. - - - - - --

38. Nucula alcoeki Noetling. - - - - * 
39. 1/ . pkayreiana spec. nov. - - - - * -

40. Leda birmaniea spec. nov. - - .. - -

41. 1/ virfJo K. Martin. - - - _ . - * 
42. 11 avae-nsis spec. nov. - - -- - * -
43 . Cardita scabrosa spec. nov. - -- - - --

44. 1/ protovarie.fJata. spec. nov . * -- - * 
.-.-

45 . 1/ f:jidallwrensis K. Martin. - - - - - -

46 . 1/ dquesneli cl' Archiac & Haime. - * 
-- * -

47 . 11 pt.a.uicosta spec. nov. - * * - _. 

48. 1/ cf. lIlltuwilis <!'Archiac & Haime. - - - -

49. Crassatel/a rlielteri spec. nov. - -- . - - -

50. 1/ rostrata Lamarck. .- * - - -

51. Lucina neasquamosa spec. nov . - - - * -

52 . 1/ pagana spec. nov. - - - * -

53. 1/ d' arckiaciana spec nov. - - - - -

54. Cardiu1l/. protoslibrufJoslt1l/. spec. nov. - * - * 
-

55. 1/ minblle1t8e spec. nov. - * - * 
--

56 . 0!lre1ta kodo1t1lfJe1uJis spec. nov. - - - .- - -

57. 1/ crU10jurdi Noetling . - -- _ . - -

58. 1/ petrolei Noetling. - - - - -

5!). Meiocm·din. protovulfJaris spec. nov. - - * * 
-

60. 1/ 1/ll1taVtt 19aris spec. nov. -- - - - -
61. Petricola incerta spec. nov . - - * - ' - -

62. Ve1!lIS protoJlexuosa spec. nov . - .- * --

63. 1/ fJranosa Sowerby. - - - - -

64 . 0!ltherea e1:;cinu Favanne. * - * * 
-

65. 1/ YO'lItai1lt8is spec. nov. - - * -- -

66. Dio?le protolilacina spec. nov. * - * * * 
67. 1/ arrakanensis spec. nov. - - - - * 

-

68 . 1/ amYfJdaloides spec. nov. - - * * * * 
69. 1/ dubiosa Noetling. - - - - - -

70 . /I protopkilippinarwlt spec. nov. * * * * * 
71. Tnpes p1'otolirata spec. nov. -- -- - -

7 2. Dosinia p1'otojuvl1ltilis spec. nov. * * - * -

n. Tellill,tL !Jrimesi spec. nov. * * * * * 
H. 1/ protostriatula spec. nov. -- - - * * 
75 . 1/ protocandida spec. nov. 

I 

-- - -- * -

6. /I i1ulijferens spec. nov. - -- - * -7 
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6. 7. 8. 9. 10. I!. 12 . 13·. 14. 
Zone of Zone of Zone of Zone of Zone of Zone of Zone of Zone of 
A1Wplo- Pamcy- Cancella- Dione Meiocm'- Mytilus Cardila Op'ena Uncer-theriu1ll at/lUS . na mar- dubiosa. dia 1IIela- nicobari- ijidmllo,- cralOfurdi. tain. bi1'lllo,ni- caeruleus. tiniana. Yenan- vulgaris, cus. renszs . Yenan-

cum. Yenan- Minbu. gyat Singu Singu. Singu. gyoung. 
Yenan- gyat. & Singu. 
gyoung. 

* 
* * * 

* 

* 

* * 
* * 

* 
* * 
* * 

* 
* 

* * 
* 
* 
* 

* 

* 

* * 

* * 
* * 

* * * * * 
* . 

* * 
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-- -

I 
l. 2. 3. 4. 5. 

Zone of Zone of Zone of 
Zone of 

Aricia Phola8 Paralleli- Zone of 

Name of Species. 
Oythe/·ea 

humerosa. orientalis. pipedum Arca theo-
erycina. 

Thayet- Thayet. prototor- baldi. 
Prome. 

I '-m 
Kama. 

I 
myo. myo. 

Kama. 

I 

i 
77. Tellina foliacea Reeve. I - * * * * 
78 . 1/ ltilli Noetling. 

I 
- * * * * 

79. 1/ p8f!1ldohilli spec. nov. - .. - - * -
; 

80. Gari naten.sia spec. nov. 

I 
- - - - - * -- I 

8I. 1/ protokingi spec. nov. - -- * * I 
82. 1/ ki11(Ji . N oetl ing . I .. - - - - --- I 
83. 1/ deuleroki1!fJi spec. nov. ! --

I 
-- -_ .. - -

I 
84. Hialula le.r.lili.~ spec. nov. I - _ . - * ---

85. &le~"Uri1l~ e.r.wlcrtlus spec. nov. I - - - .. -

86. Solen spec. I 
-- .. - * - i -

87. Mactra protorel!l)esii spec . nov . - - * * - -
88. C01·lndo. socio lis K. Martin. -- ... *. * * 
89. 1/ rllfJosa Sowerby. -- - - - -

90. 1/ prototr1lncata spcc. nov. . - - - - * 
91. Pholol! orie/dalis Gmelin. - .- * - -
92. 1/ ófr/1/fordio1/.1/8 spec. nov. I -- * - --

Cl ASTROPODA . 

93. DentaliUJn Jzt11!Jlmltni K . Martin . - .- - * . -

94. 1/ boettgeri spec. nov. - - - . - * 
95. Calliostoma blanfordi Noetling. - - --- -- -
96. 1/ koene-nianum spec. nov . - - --- - * 
97. Basilissa lorioliana spec. nov. -

I I 

_ .. -- * 
98 . Turcica proUnllol1i/i f/'1'a spec. nol' . ! - - -- - * 
99 . Trochus spec. * - - - - --

100. &lariU1n nile'l/,s spec. nov . - _.-
* - -

lOl. fI 1na.J:Untti/l. Philippi. - - - - * * 
102. 1/ coniforlile spec . nov. _. -

* - . _. - -
103 . Tori1tia protodorsllosa spec. nov. 

I 
._. - -- -

I 
* 

104. fI huddlta Noetlillg. - -- - - -
105 . Discoltelix minnla Noetling. .- - i - - -_. 

106. Scalaria. spatltica spec . nov. - - I - - I -
107. fI leptople/lrata spec. nov. 

I 
- -

I 
- - -

108 . 1/ hirlilanica Noetlillg. - - - * i -
109. fI ir re.lJ'1lla ris Noetling. - - - -- -
UO. Turrilella simple.c Jenkins. - - -- * * 
lU . 1/ OCldic{wÎ1tata Dunker. - - -' * * 
U2. 1/ o:fJiniformis spec. nov. - .- - - - -

I 113. 1/ leioplellrata spec. nov. - ! - I - * -! 
114. 1/ l!Jdekkeri spec. nov . -

I 
-

I 
- * -

I I 
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6. 7. 8. 9. 10. ll. 12. t3. t4. 
Zone of Zone of :t:one of Zone of Zone of Zone of Zone of Zone of 
Anoplo- Pamc!I- Cancella · Dione Meiocar- M!JtilUil Ca1·dita C!/rena Uncer-theriwn at1t1I~ na lItar- dubiosa. dia meta· nicobari· tjidama- cralOJnrdi. tain. birllul1li- caerltlells. tilliana. Yenan- vulga1is. CUlI. rel/.~is . Yenan-

C/t17/.. Yenan· Minbu. gyat Singu. Singn. ~ingu. gyoung. 
Yenan- g~at. & Singu. 
gyoung. 

* * 

* * * 
* 

* 
* 

* * 
* * 

* 

* * * * 

* * 
* 

* * * * 

* 
* * 

* 
* 

* 
* 
* 

* 

* * 

Verhand . Kon. Aknd. v. Wetenseh. (2.' Sectie). Ol. VII. B4 
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I l. 2. 3. 4 . Ö . 

Zone of Zone of Zone of 

I 
Zone of 

Aricia Pho/as Paralleli- Zone of 

Name of Species. 
Dytherea 

humerosa. orientalis . piperlu1n Area theo-
I I:r!lcina. prototor- , baMi. 
I Prome Thayet- Thayet-

tUOSlllll. I Kama. 

I 

myo. 

I 
myo. 

Kama. I 

115. Turn/ella a1l!Julata Sowerby. - - - - -
116. 1/ spec. -- -- - * -

1 L 7 . Vermetus javanltfJ K. Martin. * * -- * -

ll8 . Siliquaria spec. l. - - - - -
119 . 1/ spec. 2. - - - - -

120 . Xenopkora birmaniea spec. nov. - * - - -

12l. Calyptraea rugosa Noetling. -- I * * - * I 
122 . Natiea eallosa Sowerby. * * - * * 
123. 1/ obscura Sowerby. * * * * * 
124 . 1/ gracilior spec. nov. - - -' * -

125 . 1/ spec. - - - - * 
126 . Sigarei1tfJ neritoidells Linné. * - - * -
127. Fossa1'1tfJ !.:-rausei spec. nov. - - - - * I 
128. Rimella scripta Sowerby spec. 

I 

- - - - * 
! 

129. Dypraea granti 0.' Arch. & Haime. -- - - - -
130 . Aricia lmmerosa Sowerby spec. .- I * - -- - I 

I 13l. Trivia smitki K. Martin . I .- - - - -
I 

132 . Cassis d'arekiaciana Noetling. -- - - - ! -
133 . &mieassis protojaponiea spec. nov . -- - - - -
134. Galeodea monilifera spec. nov. - - - - * 
135 . Oniscidia minbuensis N oetling. - - - - -

136 . Ficula tlteobaMi Noetling. - - - - -

137. 1/ spec. - - - * -

138. Triton neastriatulus spec. nov. - - - - -

139. 1/ pardalis N oetling. - - - - * 
140 . 1/ neacolubrinus spec. nov. - - - - * 
14l. Persona gautarna spec. nov. 

i ! I - - - - * i I 142. Ranella · prototubereularis spec. nov. - -- - ,. 
* 

I 
I 143. 1/ elegans Beek. * * - * 
I 

-

144 . Eburna protoze!Jlaniea spec. nov. * - - - * ! 
145. Fus1ts seminudus spec. nov. - - - - -

146 . 1/ verbeelri K. Martin. - * - - -

147. Fasciolaria nodulosa Sowerby. - - - - -

148. Pyrula pugilina Bom spec. * - -- - I -

149. 11 bucepltala Lamarck. - - - - ! -

150. 11 pseudo1nu:epkala spec. nov. - i - - - -
15 l. Murex arrakanensis Noetling. - - - - -
152. 1/ (?) tcltiltatcheffi d' Arch. & Haime. - - I - - -
153. Mal'ginella scripta Reeve. - - - - * 

I 
154. Volvaria birmaniea Noetling. , - - - - -

; I 
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_. -

I 
6 . 7. 

I 
8. 9. 10 . 11 . 12 . 13. 14. 

Zone of Zone of Zone of Zone of Zone of Zone of Zone of Zone of 
Anoplo· Paracy- Cancella- Dione Meiocar Mytilus Ca"dita O;p'ena Uncer-theriu-m at/nUl ria 171o,r- dubiosa. dia meta· nicobari- ijidamo,- cralofurdi. tain. bil-mani- Cae1"1tleus . tiniana. Yenan- vulgaris. C1Ul . rensÏ8. Yenan· 

cum. Yenan- Minbu. 

I 

gyat Singu. Singu. Singu 

I 

gyoung. 
Yenan· gyat. & t'ingu. 
gyoung. 

I I I - I - - * - I -- - - -

- - - - - - I - - -
: - - - - - - - - -

- * -- - - - - - -

- - - - - - * - - -

- - - - - - - - -

-
I * - - * - - I -* 

- * - - - - - -* i 
* - - I * - - -- * 

I I - - - - - - - --

I - - - - - - - --
I I - I * - - - * - - i -

- - - - - - -- - I I I 
- - - - - - - - -

- * * - * * - - -

- - -- - - - - - -

* 
* 
* 

* * 
* 

* * * " 

* 
* * 

* * 

* * 

* * 

* 
* 

* 
* 

* 
B 4* 
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1. 2. 3. 4. 5. 
Zone of Zone of Zone of 

Zone of Zone of 
Aricia P IlOlaS ParalZeli-

Name of Species. 
G!Jtherea 

kumerosa. orienlalis. pipedum A7'ca theo-
er!Jcina. Thayet- Thayet- p1'ototor- baldi. 
Prome. tUOSlt'llt. Kama. 

myo. myo. 

I 
Kama. 

I 

155 . Voluta rin:;enIJ spec. nov. - - - - I -
156. I! dentata Sowerb,v. - - - -

I 
-

157. Oliva rufula Duclos. - * - * * 
158. Aucillaria cf. vernedei Sowerby. * * * -

I 

-

159. Ca.neellaria neavolulella spec. nov. 

I 
- - - - * 

160. /1 inomata spec. nov. - - - - * 
161. I! pseudocancell.ata spec. nov. - -

I 
- I - -

162. I! davidsoni d'Arch . & Haime - - -

I 
- -

163. I! m.artiniana spec. nov. - -

I 
- - -

164 . SlrioierebrllUt p1'otoll/!J!tr08 spec. nov. - - -

I 
- * 

165. 11 unicinctlt1lt spec. nov. - - I - - * I 
166 . bicinctu-nt K. Martin. 

I 

- -11 - - * 
167. Terebrullt p1'otoduplicatum spec. nov. - - - - * 
168 . /! s1Itithii K. Martin. - - - - --
169 . I! spec. - - - - -

170. Snbula spec. * * - - -
171. PZeurotoma ka7'enaica spec. nov. - - - - * 
172. Surcula feddeni Noetling. - - - - * 
17;3 . Genota irravadica N oetling. - - - - -

174 . Glavatula mun.ga spec. nov. - - - * -
175 . 11 ful1ninata Kiener. - - - - -
176 . I! p1'olonodifera spec. nov. - - - - -

17 7. IJrillia yenanensis N oetling. - - - - -

178. 11 p1'otoinlerrupla spec. nov. - - - - * 
179. I! pro1nensis spec. nov. - - - I -- I * I 
180. I! protocincta spec. nov. - - - - * 
181. Conus literatus Linné. I -- * - -

I 

182 . 1/ malaccanus H was. - - -

! 
- -

183. I! avaënsis spec. nov. * * * * * 
184. I! yuleianus spec. nov. - * - * -
185. 11 Itallza spec. nov. - - - * -
186. I! protofurvus spec. nov. - - - * -
187. I! gaZensis spec. nov. - - - - -
188. Rin.gicula turrita K. Martin. - - - * -

CRUSTACEA. 

18\:1 . Balanus tintinnabalum Lin. * * - * * 
190 . Gallianaasa birmanica spec. nov. - - - * * 
191. Galappa protopustulosa spec. nov. - - - - -
192. Ebalia aixtuberculata spec. nov. - - -

I 
- -
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6. 7. 8 . 9. 10. 11. 12. 13. H. 
Zone of 7-one of 7-one of Zone of 7...one of Zone of Zone of Zone of 
A1toplo· ParM!! ' Cancella- lJione Meiocar- Mytilus Cardita Og1'/ma Uncer-thel'iu/JI. athus 1'Ïa mar- dubiosa. dia meta- nicobari- tjidama- crawfurdi. tain. birmalli- caeruleus. tiniana. Yenan- 'Vulgaris. cus. rensis. Yenan-

CU11/.. Yenan- Minbu. gyat Singu. Singu. Singu. 

I 
gyoung. 

Yenan- gyat. &; Singu. 
gyoung. 

* 
* * 
* * * 

* 
* * 
* * 

* 
* 

* 

* * 
* * 

* 
. * * 

* 
* 

* * I 
* * 

* 
* 

* * * * 
* * * * 

* 
* 
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l. 2 . 3. 4. 5. 
Zone of Zone of Zone of 

Zone of Zone of 
Aricia Pholaa Paralleli· 

Ogtherea 
I Area theo-

Name of Species. humerosa. orienlalis. pipedu1lt 
erycina. 

Thayet- Thayet- prolotor- óaldi. 
Prome. tUOSU1ll .. Kama. 

myo. myo. 
Kama. 

193. Neptunus spec. - I - I - I - -
194 . Cancer spec. - - I -

I 
- -

I 
i 

PrSCES . I 

I I 
OX!l1'hina pagoda spec. nov. 

I 
195. - - - - -! 

I 
196 . 11 spallallzanii Bon. - - -

I 
- -

197. Alopias vulpes Gmel . - - ! - - - , 
198. Carcltarodoll lIlegalodo1! Agass. - - - - -

I 

I 
199_ Hemipristis serra Agass. - - - : - -
200. Galeocerdo spec. - -

; - I .- -, I 
20l. Careharias gallgetiells M. & H. - - -

I 
- - I 

202. Mylioóales spec. - - I - - - ! ! 

203 . Ololithus spec. .- - - I - -- ! 
204. Siluroid gen. - - - - --

I REPTILIA. 

205. Python cf. molurus Linne_ - - - - -

206. Oroeodilus palustris Less. - I - - - - -
207. Gharialis gangeticus Gmel. -

I 

- - - - - I 
i I 

MAMMALIA. 
1 

208 . Arwplotheriulll birmanicu1lt spec. nov. - I - - - -

I i I 

I 
I I 

I 

I 
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6. 7. 8. 9. 10 . lt. 12 . 13. 14 . 
Zone of ~ne of ~ne of Zone of Zone of ~ne of Zone of ~ne of 
.Alwplo· Parac!J- Cancella- Dione Meiocar- Mytilus CQ1'dita Oyrena Uncer-theriwlt a.thllS na. mar- du,bio~a. dia l/Ieta- nicobari- ijidanta- crawfurdi. tain. birlilani caerulells. tiniana. Yenan- vulgaris. C/l~. relt8l8. Yenan-

CIIllI. Yenan- Minbu . gyat Singu. Singu. Singu. gyoung. 
Yenan- gyat. & Singu. 
gyoung. I 

I - - -

I 
- - - - - I - * 

i - -- * - - - - - * 
I 
I 

- - - - - - - - * 
* * * - - * -- - -
- --- - - - - - - * 

! 
I - - - - - - - - * 

- - - - - - - --- * 
- * * - - - - - -

* * * - * * - - -
* * - - - - - - -

* * - - - - - - -

* - - - - - - -- -

* - - - - - - - -
* - - - - - - - -

* - - - - - - - -

* - - - - - - - -

I 
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Tbis table shows at onee what a small number of specIes pos
sess a large vertical range, while the majority are known to oeeur 
in one or two horizons only. The small number of species other 
than Peleeypoda and Gastropoda renders them of very inferior 
importance and if t.hey are disregarded in the following discussion, 
such an omission will not materially affect the result. 

The vertieal distribution of the Pelecypoda and Gastropoda will 
be better understood if instead of the actual number, we repre
sent it in percents of the total. These figures are eomputed in 
the following tabie: 

Pelecypoda. 

13 

12 
11 

10 1.30 % 
9 

8 

7 1.31 % 
6 5.24°/0 
5 1. 31 °10 

4 5.24 0/0 
3 10 . 48 °10 

2 24.89 % 
1 49.78 °10 

Gastropoda. 

1.04 % 
1.04 % 

4.1 6 °/0 

5.20 % 
9.36 °lo 

19 . 76 % 

59.28 % 

I Pelecypoda + Gastropoda. 

0 .58 % 

0.58 % 

1.16 °10 

4.64°/0 
0.58°10 
5.22 % 
9 . 86 0/0 

22.04 0/0 
55.10 0

/ 0 

These figures prove as distinetly as possible that the vertical 
range of the majority of species is a very sbort one; over one 
half of the number of mollusca oceur in one horizon only; 22.04 0

/
0 

th at is two say less than one quarter, oeeur in two horizons, and 
from there tbe percentage rapidly decreases; 15.08 % occur in 
three and four horizons, and only 7.54 0/0 are known to occur in 
fiye und more horizons. f].'hose wbich might perhaps be considered 
as the guide fossils for the Yenang!!oungian are the following: 

l. lJionfJ protophilippina1'U'I1t spec. nov. occurs in 10 difi"erent horÏzons. 
2. Natica obscura Sow. 1/ 1/ S 1/ 1/ 

4. Conus avaënsis spec. nov. 1/ 1/ 7 f/ f/ 

3. Tellina grimesi spec. nov. 1/ 1/ 7 1/ 1/ 

5. Pecten kokenianlls spec. nov. 1/ 1/ 6 f/ f/ 

6. lJione protoliUu:ina spec. nov. f/ f/ 6 f/ f/ 

7. lJione am.ygdaloides spec. nov . f/ 1/ 6 f/ f/ 
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8. Tellina llilli N oet!. oeeurs In 6 different horizous. 
IJ. Solarium m,{lj:imulll Phil. f/ f/ 6 f/ f/ 

10. Calyptraea rugosa N oetl. f/ f/ 6 /1 " 
11 . Oliva ru/ula Duclos " f/ 6 " f/ 

12. Natiea eallosa Sow. " " 6 f/ 1/ 

13 . Area bistrigata Dunker 1/ f/ 5 1/ 1/ 

'fo this list we may add tbe following specIes: 

14. Paracyathus caeruleua Dune. oeeurs in 7 different horizons. 
15 . Balanu8 tintinnabulwn Lin. 1/ 1/ 8 1/ 1/ 

16. Calliarta8sa birmaniea" spec. nov. 1/ 1/ 

bringing the total number of species which have been found m 
more than four horizons up to 16. This is a very insignificant 
number which amounts to not more than 8.2 0/0 of the total 
described fr om the Yenan!J!JounfJian. If we examine the value 
of the different species we see tbat out of the whole number 
only five, viz. 

Paracyathu8 caeruleus Dune . 
Tellina grimesi spee. nov. 
Tellina hilli N oet! . 
Solarium maximum Phil. 
Calliarta8sa birmanica spee. nov. 

are such species which ean always be unmistakeably recognized; 
the remaining eight exhibit more or less indifferent features, that 
is to say unie ss very weIl preserved, a small change which would 
constitute a different species, is not notieed. 

'l'he great faunistic difference between two horizons, which are 
not far distant from each other in the vertical sequence is excee
dingly weU illustrated by the two following instanees. 

I have dwelt on pag. 22 & 23 on the stratigraphical position 
of the zones of Parallelipipedu17l prototortuo8U1Jl spec. nov. and 
A1'ca theobaldi spec. nov. the following table shows the vertical 
distribution of the fossi's in these two horizons. 

Only oceuring in the Only occuring in t.he 
Common to both. zone of Paralleti- zone of 

pipedllm pr()totortuosum. Area tlteobaldi. 

Anthozoa .... 1 2 nil. 

Eehinoidea .. 1 1 uil. 

Peleeypoda .. 11 n 8 

Gastropoda .. 8 15 26 
Crustaeea .... 2 nil. nil. 



58 THE M[OCENE OF BURMA. 

It wiU be seen that out of a total of 98 speeies only 23 
(= 23.46 0/0) occur in both horizons, the majority of these spe
cies being Pelecypoda, and if we examine them we see that 7 
belong to the above mentioned group which occur in more than 
foUt' horizol1s. On the other hand thc zone of Parallelipipedum 
prototortu08U1Jl spec. nov. contains 41 species (= 41.82 0/ 0) which 
do not occur in thc zone of Area tlteobaldi spec. nov. the 
majority of this group beingagain Pelecypoda, while the zone of 
Area tlteobaldi spec. nov. contains 34 (= 34.68 0/ 0) species the 
majority of which are Gastropoda which do not occur in the zone 
of Parallelipipedll1Jt prototortuo8um spec. nov. 

Not less instructive is the comparison of the zones of ftfeiocardia 
metavulgarw spec. nov. and Mytilu8 nieobarieu8 Reeve, which as 
we have seen on pag. 35 are separated by 300 feet of inter
mediate beds. The vertical distribution of their fauna is shown 
in the following list. 

Anthozoa ... . 

Echinoidea .. 

Pelecypoda .. 

Gastropoda .. 

Crustacea ... 

Pisces ...... 

Common to both 
horiwns. 

L2 
7 
1 

Only occuring in the Only occuring in the 
zone of Meiocal'dia zone of 

1Iletavulgaris. My tilus nicobalicus. 

7 7 
1 12 

Out of a total of [) 0, 22 (= 44 0/0) species are common to 
both horizons the majority of which are again Pelecypoda and 
again most.ly the same species which occur in more than four 
horizolls. 'rhe zone of Meioeardia metavulgar'Ïs spec. nov. contains 
S (= 16 0/0) species which do not occur in the zone of Mytilus 
nicobarieu8 Reeve w hile this zone is characterised by 20 (= 40 0/0) 
not found in the lower bed. 

In the following table these figures are arranged a little more 
distinctly; there are : 
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Zone of Parallelipipedum prototort1tO~ItIlt. 

Zone of Area theobaldi. 

Zone of Meiocardia metavltlgaris. 

Zone of Mytilus nieobaricus. 

I 
Common to both 

horizons. 

( 

l 
I 

· 1 

I 

. 59 

Characteristic for 
each horizon . 

41. 82°10 

3.J..G8 % 
16.00 % 

40.00 % 

If it is permitted to take the average of there figures we may 
~ay that out of a given number of species occurring in two diffe
rent horizons of the Yenan!Jyoun!Jian 33.73 % will be common to 
both, while each horizon contains 33.12 % which are characte
ristic of it. It must however be understood that the chronological 
difference must not be too great; it will be seen at on ce if we 
compare the zones of Mytilus m·cobaricu8 and Parallelipipedulll 
prototortuosu1Jl which have only 12 species or 12.61 % in common. 

The result of this discussion is, that under favourable circum
stances, when there is no great vertical difference betweel1 two 
horiwns the proportion of species commOl1 to both may be about 
33.73 %' but w hen there is a great vertical distance, perhaps also 
a wide horizontal one, the proportion may be 12.61 % at the 
outside and can even sink below this figure, while the species 
characteristic for each horizon can be 34.18 % in the average but 
may rise as high as 74.7 8 % . Each horizon appears therefore to 
contain a small number of species which it shares with the neigh
bouril1g beds, a still smaller number having a wider range, whilc 
the largest number of species is represented by such which are 
characteristic for it. It t·8 0~ViOU8 t!tat under the8e cirCU1ll8tances 
the f088ils are of very 8malt correlative value and if we would 
attempt to cOl'l'elate the different hor~zons here distinguished by 
means of their fauna, not even a fairly accurate re sult would be 
obtained. 

The limited horizontal distribution mayalso to some extent be 
responsible for the small number of species two horizons which 
occur in the same position in the sequence, but at different locali
ties, have in common. 

We can therefore conclude that in the Yenan!Jyoun!Jiatt a series 
of rapidly changing falwas of very limited horizontal range is pre
served. Ouly a very few species which at the same time had a 
wider horizontal distribution persisted, but it also appears that a 
few species may be common to two horizons holding a different 
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position in the sequence without being found in the intermediate 
heds. Under favourable circumstances a fauna thrived at one 
locality over a short horizontal distance; for reasons irrelevantly 
which, the majority of the species died out and in the next high
er bed we find at the same locality a perfectly different· fauna 
containing only a few species of the earlier one. Such changes 
can only be eXplained hy the supposition that the younger fauna 
immigrated from somewhere else to the place of the older one, 
only to be replaced in its own turn by an other fauna. 'fhis 
unsettled state of the fauna of the Yenangyoungian wiU he further 
confirmed hy certain pecularities of the Pelecypoda (pag. 78). 

c. 'i'he }làuna of the Promeian. 

A few words are sufficient to deal with the fauna of the zone 
of Anoplotherium birmanicurJl spec. nov. 'fhe invertehrates are aU 
such species which it shares in common with the zones of Para
C!/athu8 caeruleu8 Dun. and Cancellaria martiniana Rpec. nov., thus 
proving unmistakeabl) the faunistic relationship with the Yenan
gyoungian. In fact the few species that have been recognized are 
chiefly snch that occur in more than four horizons. 

On the other hand the vertebrata, with the exception of the fishes, 
have not been found in any higher bed yet. Whether they occur 
in older horizons of the Promeian I am nnable to say, but if it 
were permitted to form aconclusion from the absolutely unfossili
ferous samples of the bore-holes, the answer would be negative. 
Tt is however ccrtain that the horizontal range of the zone of 
Anoplotheriu'lll birmanicu1Jl spec. nov. is a very limited one, no trace 
of it having been found in any of the neighbouring pit-wells, and 
the abscence of fossiliferous beds in the drilled bore holes might aftel' 
all be only an apparent one. Wh ether thcrefore other fossiliferous 
horizons wiU in future be discovered in the Promeian or not, can
not be stated with certainty, but the probability is in favour of 
such a view, particularly when the strata of the Prome-sandstone 
will be carefully searched. rfhe little we know however about the 
fauna of the Prollleian proves th at it exhibits the same features 
as that of the Yenangyoungian viz. a limited vertical and hori
zontal range. 
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3. COMPOSITION OF THEFAUNA. 

A. General Remark8. 

After the determination of the species had progressed for a cer
tain time, I soon noticed that the fauna was composed of very 
different elements, a view which might have been anticipated con
sidering its geological and geographical positioll. A priorî we 
rhight haye expected species related to snch of the Eocene of 
India-Burma, and others more or less related to those Ïnhabitillg 
the Indian ocean; we might have further expected species identi
cal with the 'l'ertiary beds of Western India, others identical with 
those of Java-Sumatra, alld to judge from the results Professor 
Martin arrived at from the study of the Tertiary fossils of Java, 
it would have been very strange, if a relatiollship with the Mio
cene of Europe existed. 

However, in order not to prejudice my mind by antosuggestion 
I carefully refrained from taking notice of any such observation, 
that might agree with these views, while the determination was 
progressing, trying to take as impartial an opinion of each species 
as possible, and I think I have in this way avoided the danger 
of determining the species under the impression of a previously 
fixed idea. Af ter the determination had been completed the vari
ous notes were collected and they proved to be of unusual interest. 

I have described 181 species of Pelecypoda and Gastropoda (= 
88.s 0/0) of total fanna of the Yenang!Joungian, of which 14 only 
could not be determined specifically. These species are therefore 
omitted from the following discussion, and for obvious reasons the 
Anthozoa, Echinoidea and Vertebrata have also been disregarded. 
1'he remaining 167 species of Pelecypoda and Gastropoda can be 
divided into two classes viz: 

a. Species representing types which do not exist among the 
fauna of the Indian ocean ; this class would therefore represent 
the "extinct" species with reference to the fauna of the Indian 
ocean, but for reasons presently seen I reject this term and pro
pose the name of Palaeor;ene species for this group. 

b. Species which are either identical with species inhabiting 
the Indian ocean, Ol' which in some way or other could be refer
red to snch speCIes; the term NeolJene species is suggested for 
this group. 

a. Palaeogene Specie8. 

I . very soon discovered th at the palaeogene specIes do by no 
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means represent a harmonious group, but are made up of various, rather 
hetel'ogenous elements, and four distinct classes could be discerned. 

Of a large nUlllber of species no l'elatives, either fossil or living, 
could be traced and it is very probable that this group represents 
the indigenous element, th at is to say species which are either 
direct descendants of species occuring in the Eocene ofIndia-Burma, 
or have their nearest relatives in the same formation. How far this 
view is correct can on ly be ascertained aftel' the Eocene fauna of 
India-Burma is fuUy known. 

A second though smaller group, being about one third of the 
number of the former, exhibited the closest relationship with spe
cies occuring in the Eocene of Paris. I term this group Gallic 
types. 

The third group which is about half the number of the first is 
closely related to species which according to our present knowledge 
do not inhabit the Indian ocean, but live in China, Japan, the 
Philippine Istands and Australia. The term Pacific types is used 
for this group. 

'l'he fourth and smallest group represents spflcies the relatives 
of which live neither in the Indian ocean nor in the pacific pro
viuce, but appeal' to be limited to the Mediterranean, and M"edi
terranean types would be an appropriate term for this group. 

1'he fifth group containing a single species only which could 
not be classified, is of course only a makeshift, which would dis
appear if the characters of this species were better known. 

b. Neogene Species. 

Three groups coule! be distinguished in this class, though they 
are not as sharply defined as those of the Palaeogene species. In 
several instances it was somewhat doubtful to which class a cer
tain species should be assigned, and much is left to personal opi
nion and palaeontological tact, when such doubtful cases have to 
be decided. 

'l'he first group represents those species which are identical with 
species inhabiting the Indian ocean, their number is about one 
third of that of the indigenous types. 

rl'he second group includes those which for reasons presently 
eXplained , could not be considered as exactly identical with 
species inhabiting the Indian ocean; these are the subidentical 
species, their number being about the same as that of the iden
tical species. 
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'rhe tbird and smallest group represents tbose species wbicb un
questionably represent a permanent juvenile stage of species inha
biting the Indian oceUll; they may be called evolttNonary species. 

Tbe fourth group includes all those whicb for s9me reason or 
other could not be included in one of tbe former groups; it is 
like tbe last group of tbe palaeogene species only a makeshift 
w bich would disappear were tbe species better known. 

If we assume tbe llumber of indigenous types to be 100 tbe 
proportion by wbieh tbe otber gronps contribnte towarrls the com
position of tbe fauna would be as fo11ows: 

1. Indigenous types........ 100 
2. Gallic types ........ ; . .. 37 
3. Pacific types. . . . . . . . . . .. 50 
4. Mediterranean types.. . . . . 3 
5. Identical species.. . . . . . .. 30 
6. Subidentical species. . . . .. 30 
7. Evolutionary species. . . . . . 13 

On tbe following pages I intend to discuss tbese seven groups 
firstly from a pnrely palaeontological, and secondly from the geolo
gical point of view. No mention win tberefore be made of tbe 
geological distribution in the first part and the fauna will be con
sidered as a whoie; in tbe second part thc geological occurence 
is also considered. 

B. PalaeontolofJt·cal Con8idemtiort8. 

a. PalaeofJene Specie8. 

1. IndifJenou8 type8. Tbe following is tbe list of species of 
. wbicb no relatives, either living or fossil, could be traced, and 

whicb for tbis reason are assumed to be species wbicb have tbe 
close st relationsbip witb species occuring in the Eocene of India 
and Burma. 'l'his view is corroborated by an otber observation; 
a glance tbrougb tbe list will show th at only 7 out of the total of 
62 species occur in Java, tbe remainder bas so far not been ob
served outside India or Burma. Pelecypoda and Gastropoda con
tribnte in unequal sbares to make np tbe total, though tbe latter 
are with 37 species not much in excess of tbe former with 25 
species, at least as regards absolute numbers, yet if computed in 
percents we see tb at tbe Gastropoda form exactl y 60 0 / 0 and tbe 
Pelecypoda only 40 0

/
0

• We sball see later on tbat tbis dispro
portion between tbe two classes occurs more frequenti)' and a 
theory to explain it will be given. 



64 

1. Osb'ea peguen8Ïs spec. nov. 
2. Lima gliesbackiana spec. 

nov. 

THE MlOCENE OF HURMA. 

2:Z. ])iorze amygd.alaides spec. nov. 
23. ti dubiosa Noetl. 

3. Vul8ella linguati[J1is spec. 24. Hiatula te.ctilÎ8 spec. nov. 
nov. 

4. Modiolabnddhaicaspec,nov. 25. Corbula. rl/gosa Sow. 

5. ti p8eudobuddkaica 26. Dentaliw/l boettgeri spec. nov. 
spec. nov. 

6 . .Al·ca oldhamiana spec. nov. 27. Gallioswm..a blanfordiNoetling. 

7. ti ya?oen~is spec. nov . 28 . Co.lliosw1lla koenenian7/.11/, spec. 

43. Triton pardalis Noetl. 
44. Persona gautam.a spec. nov. 

45. Fusus verbeeki K. Martin. 

46. Murex a?Takanellsis d' Arch . 
& lJaime . 

47. Murex (?) lckickalckeffi 

d'Arch. & Haime . 
48. Voluta ringens spec. nov. 
49 . Gancellaria inornata spec. 

nov. nov. 
8. ti myóën8is spec. nov. 29. Basilissa larioliana spec . nov . 50. Gancellaria martinianaspec. 

nov. 
9. ti l/.annodes K. Martin. 30. &lariwn coniforme spec. nov. 51. Terebr/tm unicinctum spec.· 

10 . ti peetllensis d'Arclt. & 31. T01inia buddha Noetl. 
Hairne. 

nov. 
52 . Terebru?n bicinctum spec. 

nov. 

1 J • NlICllla phaYl'eiana spec. 32. &alari.a lepwpleurata spec. nov. 53. Terebrum s1l1itki K. Martin. 
nov. 

12. Leda bi?'manica spec. nov. 33. If i1'reglllaris Noetl, 

13. 1/ Vil"fJO K. Martin. 
14. 1/ avaën8Ïs spec. nov. 

15. C01'dita viq/teslleli d' Arch. 
& Haime. 

16. Gardita planicostaspec. nov . 
17 . Lllcina d' archiacirw..a spec. 

nov. 
18. Gardium 1Ilinbuellse spec. 

nov. 
19. Pebicola incerta spec. nov. 
20. Oytherea y01/laëllsis spec. 

nov . 
21. ])ione arrakanensis spec. 

nov. 

34. Turritella simplex lenk. 
35. 1/ ajJiniformis spec. 

nov. 
36. Oyp1"Oea granti Sow. 

37. Aricia kumerosa Sow. spec. 
38. Trivia smithi K. Martin. 

39. GassÎ8 d'al'chiaciana Noetl. 

40. Galeodea monilifera spec nov. 
41. Oniscidia 1I1inbuensis N oetl. 

42. l7,cula tkeobaldi N oetl. 

.54. P leurowllw karelwica spec. 
nov . 

55. SU1'CUla feddini N oetl. 
56. Genota irravaddica Noetl. 

57. Clavatula munga spec. nov. 

58. Drillia yenanellsis N oetl. 
59. 1/ pro11lensÎ8 spec. nov. 

60. Conus yuleianus spec. nov. 

61. 1/ galensi8 spec. nov. 
62. Ringicula tm..,ita K. Martin. 

There is nothing more to be said about this group except that 
it will be of great importance when the fauna of the lower Ter
tiaries of India will be examin·ed. 

2. Gallic type8. This group contains 'the following 23 species, 
all of which bear a very strong resemblance to species occuring 
In the Eocene of Paris without heing however directly identical 
with any of them. 'fhe grade of relationship could not he ascer
tained hecause for such a purpose a large collection of fossils from 
the Eocene of Paris would be required. It is ho wever certain that 
it varies a good deal; in some in stances like Triton nea8triatulU8 
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spec. nov. it is difficult to discover any difference at all while in 
others the difference is more mal'ked. Of a few species it could 
not be decided to which species it is nearest related to, in such a 
case the two species have been mentioned. 'fhe following is the 
list of Gallic types and their llearest relatives. 

Name of species. 

1. Ostrea promenais spec. nov. 

2. /I paP'!/racea spec. nov. 

3. Pecten kokenianU8 spec. nov. 
4'. /I irravadicus spec. nov. 

5 . Lucina pagana spec. nov. 
6. /I neaaquamosa spec . 

nov. 

7. Tellina grimesi spec. nov. 

8. Solarium nitens spec. nov. 

9. &alaria spathica spec. nov. 
] O. Turritella acuticarinata 

Dnk. 

ll. Turritella leiopleurata spec. 
nov. 

12. Turritella lydekkeri spec. 
nov. 

13. Turritella angulata Sow. 
14. VermetU8javanU8 K. Martin. 

15. Fossam kraU8ei spec. nov. 

16. Triton neaatriatulU8 spec. 
nov. 

17. Triton neacolubrinU8 spec. 
nov. 

18. FU8U8 seminudU8 spec. nov. 
19. Volvaria birmanica N oetI. 
20. Voluta dentata Scw. 

21. Cancellaria neavolutella 
spec. nov. 

22. Cancellaria davidaoni 
d' Arch. & Haime. 

Name of nearest relative. 

lOstrea multicostata Desh. 
lOstrea flabellula Lmk. 

Ostrea simplex Desh. 

Pecten reconditU8 Sol. 
Pecten lucidU8 Phil. 
Lucina squamula Desh. 
Lucina sqllamosa Lmk. 

Tellina ainuata Lmk. 

) Solarium picteti Desh. 
I Solarium bistriatum Desh. 

&alaria multilamella Desh. 
Turritella faaciata Lmk. 

/I dixoni Desh. 

/I sulcifera Desh. 

/I carinifera Desh. 
Siliquaria multistriata Deft. 

Nerita pentastoma Desh. 

Triton striatulU8 Lmk sp. 

/I colubrinU8 Lmk. 

FU8U8 conjunctU8 Desh. 
Volvaria acutiU8CUla Sow. 
Voluta mutata Desh. 
Cancellaria volutella Lmk. 

/I evulsa Sol. 

23 .. Oonua avaënsi,s spec . nov. Oonu8 diveraiformis Desh. 

Verband. Kon. Akad. v. Wetenseh. (2" Sectie). Dl. VII. 

Reference . 

Desh. Coq. PI. LVII fig. 3,4, 5, 6. 
Desh. Coq. PI. LXIII fig. 5, 6, 7. 

Desh. Coq. PI. LVII fig. 7; pI. 
LIX fig. 11, 12 ; pI. LX fig.~, 4. 

Wood, Eoc. Moli. pI. IX fig. 3, a-do 
Desh. Anim. pl. LXXIX fig. 15, 16 . 

Desh. Coq. pI XVII fig. L7, 18: 
Desh. Coq. pI. XVII fig. 12, 13, 14. 

Desh. Coq. pI. XI fig? 15, 16 . 
Desh. Anim. pI. XL fig. 32, 33, 34. 
Desh. Coq. pI. XXV fig. 19, 20. 
Desh. Coq. pI. XXII fig. 15,16. 

Desh. Coq. pI. XXXIX fig . 1-20; 
pI. XXXVIII fig. 13, 14, 17,18. 

Desh. Anim. pI. XIV fig. 12, };j. 

Desh. Coq. pI. XXXV fig. 5, 6. pI. 
XXXVI fig. 3, 4. pI. XXXVII 
fig. 19, 20. 

Desh . Coq. pI. XXXVI fig. 1,2. 
Desh. Anim. pI. X fig . 1, 2. 
Desh. Coq. pI. XIX fig. 13, 14. 
Desh. Anim. pI. LXVI fig. 7, 8,9. 
Desh. Coq. pI. LXXX fig . 13, 14, 

113. 
Desh . Coq. pI. LXXX fig. 22, 23, 

24. 

Desh. Coq. pI. LXX fig . 16; 17 . 

Desh. Coq. pI. XCV fig . 7, 8.9. 
Desh. Coq. pI. XCII fig . 1, 2 . 

Desh . Coq. pI. LXXIX fig. 19, 
20, 21. 

Desh. Coq. pI. LXXIX fig. 27, 28. 

Desh. Coq. pI. XCVIII fig. 9, 
10, ll, 12. 
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The most remarkable feature of th is fauna is the prepoHderance 
of the Gastropoda which comc to more than double the number 
of the Pelecypoda, a fact which is the more curious, because if 
the total of the Palaeogene species is considered Pelecypoda and 
Gastropoda contribute almost the same share. The occurenee of the 
"Gallic types" in the fauna of the Yenangyoungian is of the great
est interest and the question how we are to account for tbis 
remarkable feature is not easy to answer . Tw·o theories only are 
possible. 

We . may assume that the Eocene fauna had a very large geo
graphical range, that is to say, the same fauna occured simultane
ously in the Eocene of France and India. 'l'his theory finds a 
strong support in some facts we know about the Eocene fauna of 
India, however few they rnay be. I myself described the remar
kable occurence of Velates schmiedeliana Chemn. spec. from 
Burma and I dwelt on its wide geographical distribution, over 
an enormous area ranging, roughly speaking from Long 0 0 

E. to Long 94 0 E. 1) Messrs. d' Archiac and Haime mention quite 
ft number of species of Nu,lJllllulites as identical with those from 
France. On the other hand Messrs Duncan and Sladen have ar
rived at the conclusion that the Anthozoa and Echinoidea of the 
llanikotian and Khirtharian are distill Jtly different from those of 
the Eocene of Europe. rrhese views beilIg in direct opposition, it 
would . be useless to speculate any more as to the character of the 
Indian Eocene fauna; this question wiU only be solved by its 
actual examination, and the results are sure to be more reliable than 
those arrived at, by any kind of argumentation. I may however 
say, that it would appear very strange if an identical fauna exis
ted in France and India during the Eocene period, at a time, 
when most probably already well defined geographical provillces 
existed. 

'l'he second theory is based on the migratioll of species; we may 
suppose that the fauna which lived during the Eocene pel'iod in 
France gradually migrated in eastern direction, and that during 
this migmtion, which took place iu horizontal as well as in verti
cal direction, that is to say, from West towards East, and from 
the Eocene to the Miocene, the species underwent certain changes 
and they eventually assumed the shape in which they occur in 
the Miocene of Burma. 'l'hough distinct1y different from their 

') Record. Geolog. Survey of India 1894; vol. XX VII pt . 3 pag. 106. 
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Eocene ancestor:::. the)' still preserve sufficiently of their features to 
give them the hall mark of their EUl'opean Eocene home. 

This theory is in direct opposition to that of Semper 1) who 
holds that during thc Eocene period an oceanic current run from 
India to Europe, and I think he supposes that a migration of spe
cies took pi ace in the direction of this currcnt, that is to say just 
the opposite way, as I assume. I do not wish to enter here into 
a discussion of Dr. Sempers theory, but I think that the data 
available with regard to the fauna of the Indian Eoccne, on which 
I think Dr. Sempers theory is chiefly based, are not reliable enough 
to built on · such a far reaching theory. It fully corroborates 
however Jenkins 2) view, who 1 believe was the first, who pro
mulgated the theory of an eastern migration of European species in 
order to explain the relatioHship of thc Fauna of thc Indian ocean 
with the Miocene of Europe. The only difference is thc proof 
that this migration began c9.rlier than assumed by Jenkins. My 
theory, on the other hand, assuming a migration in Eastern direc
tion is supported by some exceedingly good facts. Wcshall pre
sently see that astrong relationship exists between the fauna of 
the Yenang!/oungian and ' that of China, Japall and the Philippines, 
but more important is the observation with re gard to the re1ation
ship of two species viz. Lucina pagana spec. nov. and Lucina 
nea8qualllosa spec. nov. 

Lucina pagana represents unquestionably the nealogic stage of 
Lucina philippinaru1Jl Reeve; a species which apparently does not 
occur in the Indian ocean, but only eastwards of Singapore as far 
as the Philippines. On the othel' hand, Lucina pagana bears the 
closest relationship to Lucina squamula Desh. from thc Eocene of 
Paris. 

Perhaps still better proved is the relationship between Lucina 
squamosa Lmk. Lucina neasq1tamosa spec. nov. and Lucina venusta 
Reeve. Lucina nea8quamosa spec. HOV. is so similar to Lucina 
squamosa Lmk. from the Eocene of Paris that it is almost difficult 
to discover any differences; on the other hand is this species so 
similar to Lucina venus ta Reeve, from the Philippines, that the 
relationship of these two species is out of question. 

Both species indicate therefore a migration from West to East 
which has been . going on since the Eocene to the recent period 
and the follow diagram wiU illustrate this view. 

' ) Zeitschr. d. Deutsch. Geolog. GeBell. 1896; vol. XL VIII pag. 310. 
') Quarterly Journ. Geolog. Soc. of London 1864 vol. XX pag. 62. 
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I Frnnce. I Burma. 

.. 

I Philippines. I: Fruuce. 
I 

Burma. Philippines. 

Recent. .. Lucinu plti- I Lucina - -- lippinarum. - - venuata. 

Miocene . . Lucina Lucina - - - -pagana . nea8qua7Jwsa. 

Lucina ; Lucina 

I Eocene. .. squamula. 1 - - - -
I squamosa. 

A further proof for this theory is given by the genus Basilissa,' 
this genus which has hitherto only been kllown from the recent 
fauna of Japan and the Eocene of Paris is unmistakeably repre
sented by Basilissa lorioliana spec. nov. in Burma. 

If a certain genus X which has hitherto heen known to occur 
in two countries A and C only, in two vertically succeeding beds 
A' and C' is suddenly found in an other country B half way 
bet ween A and C in a bed B' which holds an intermediate position 
between A' and C', the notion that this genus X migrated, from 
A to C', ascending at the same time in vertical direction from A' 
to C' is weU founded . 

'l'he facts here recordeu are fully in harmony with the known 
similarity between the Eocene of France and the recent fauna of 
Japan. In fact according to this view, Olle ought to have expec
ted the occurence of species related to such from the Eocene of 
Paris and others related to such from the China-Japanese seas in 
the Miocene of Burma. 

It is perhaps this observation, though not the recognition of the 
Gallic element in the l\1iocene fauna of Java and Sumatra which 
let Boettger to assume the views expressed in his memoir 1). It 
would certainly be exceedingly inteI'esting if the Miocene fauna 
of Java and Sumatra would be examined in order to ascertain, 
whether the Gallic element exists as I believe, or whether no such 
relationship can be traced. 

3. Pacific types. The species illcluded in this group amounting 
to 31 in all 2) are characterised by a great relationship to species 
inhabiting the western part of the Pacific ocean from Japan to 
Australia, but which apparently do not occur among the fauna of 

1) Boettger, Tertiärformation von Sumatra. Palaeontographiea Suppl. 1880. 
') The true absolute figure would only be 29 beeause Lucina palJana spee. nov. and 

Lucina neasquamosa spee. nov. whieh have already been eounted among the Gallie 
types appear again in this group. 
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the l ndian ocean, and though "recent" species to some degree, are 
"extinct" with reference to the fauna of the lndian ocean. fl'he 
degree of relationship varies a good deal, some species are only 
distinguished by a smaller shell and a more delicate ornamentation 
from their living relatives, others represent unquestionably perma
nent juvenile stages, while others are most prohably the direct an
cestors from which certain species living now in the above region 
have evolved . fl'hese species are: 

Name of species. 

1. Avicuia suessiana spec. nov. 

2. Area tltayetensis spec. nov. 

3. ft bataviana K. Martin . 

4. Parallelipipedu1lt pl·ototortu· 

OSU?n spec. nov. 
5. Cardita seabrosa spec. nov. 

6. ft ijidamarensis K. MaIiin . 
7. Cra.ssatella dieneri spec. nov. 
8. Lucina nea,8qualllosa spec. nov. 
9. ft pagana spec. nov. 

10. O!Jrena cralofurdi Noetl . 
11. 1/ petrolei Noetl. 
12. Meioeardia protovulgaris spec. 

nov. 
13. Meiocardia metavulgaris spec. 

nov. 
14. Venus protojlexuosa spec. nov. 
I". Dione protolilacina spec. nov. 
1Ii. Dosiniaprotojltvenilisspec.nov. 

17 . l'ellina protostriatula spec. nov. 
18. ft protoeandida spec. nov. 
19. ft indijferens spec. nov. 
20 . ft ltilli N oetl. 

21. ft pseudoltilli spec. nov. 

22. Gari nate?tllis spec. nov. 

23 . Soleeurtus exsulcatu.s spec. nov. 

Name of nearest relative . Reference . 

Avieula eleclrina Reeve. Moluccns. Reeve. Mon. of Avieula pI. XVI fig. 6 ~. 
!Area fJ1tÓernaeulum. Reeve. Fhi- Reeve. Mon. of Area pI. X fig. 58. 

) 
lipllines. 

Area japoniea Reeve. Japan. Recve. Mon. of Area pI. V fig. 32. 
\ AreasymmetrieaRecvc.Philippines. Reeve. M on. of Area pI. XVII fig. 117. 
(Area sculptilis Reeve. Philippines. Reeve. Mon. of Area pI. XVII fig. 118. 
Parallelipipedum tortuosurn Lin. Reeve. Mon. of Area pI. XIII fig. 86. 

spcc. China. 
Cardita era8sieosta Lmk. Prulip- Reeve. Mon. of Cal'dita pI. II fig. 7. 

pines. 
Cm'dita pica Reevc. Philippines. 
Crassatellajubar Reeve. Phili ppines. 
Lucina 1:enusta Phil. Philippines. 
Lucina pltilippinarum HanI. Phi· 

lippines. 

Reeve. Mon . of Carditn. pI. Ir fig. 8. 
Reeve. :\-1 on. of Crassatella pI. Ir fig. 1l. 

Reeve. Mon. of Lucina pI. UI fig. 15. 
Reeve. Mon. of Lucina pI. N fig. 18. 

1 O!Jrena sumatrertllis Sow. Sumatm. Reeve. Mon. of 0l/rena pI. XIII fig. 62 , 

I M eioeardia I China. 

vulgm-is Reeve. spec. Recve. Mon. of Isocarrlia pI. I fig. 2. 

TTe1tlt8 jlexuosa Lin. China. Reeve. Mon. of Venus pI. XX l fig. 99 . 
Dione lilacina Lmk. Austrnlia. Reeve. Mon. of Dione pI. I fig. 5. 
DosiniajuvenilisGmel.Philippines. Reeve. Mon. of ArleJ/lis pI. I fig. 5. 
Tellina striatulaLmk. Philippines. Reeve. Mon. of l 'e llina pI. VUl fig. 34. 
l'ellina eandida Lmk. China. Reeve. Mon. of l'ellina pI. V fig. 21. 
l 'ellina t?-iangularis Chemn. China. Reeve.Mon . of Tellinapl. XXV fig.13û . 
Tellina rostrata Lin. Philippines. Reeve. Mon. of l'ellin{t pI. XVII fig. 83. 

i Tellina rasleltum Han. Fhilippines. Reeve. Mon. of Teltina pl. XVII fig . 85. 
I Teltina planispinosa Sow. Philip- Reeve. Mon. of Tellina pI. XXXV 

I pines. fig. 196. 
I Gm-i puella Desh. Australia. Reeve . Mon. of Psamrnobia pI. I fig. 2. 
I Gw-i eOrl"Ugata Desh. Philippines. Reeve. Mon. of P sallwwbia pI. Ir fig . !) . 

Sou:C1trtus exaratu8 Phil. China. Reeve . Mon. of Solecurtus pI. I fig. 1. 
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Name of species. 

24. Mactra protol'eevesi . spec. nov. 
25 . Pholas blanfordianusspec. nov. 
26. TUl'cica proümuYI1.ilifera spec. 

nov. 
27. Scalal'ia binnanica N oetl. 
28. Calyptmea 1'II(Josa NoctI. 

29. Semica8sis protojaponica spec. 
nov. 

30. Conus pl'otofurVitS spec. nov. 

31. 1/ ltunza spec. nov. 

THE MIOCENE OF BVRMA. 

Name of nearest relative. Reference. 

Macfra reevesi Desh. Malacea. Reeve. Mon.ofMactrapl.XVIIfig.92. 
Pholas munillaeSaw. Philippines. Reeve. Man. of Pholas pI. VIII fig. 31. 
Tllrcica monilifera Adams. Aus· H. & A. Adams Gen. of MoB. vol. I 

tralia. pI. 48 fig. 3. 
Scalmia delicatula Cross. Australia. Reeve. Man . of Scalariapl. XV fig.U5. 
Cal!Jptraea dormitoria Reeve. Phi· Reeve. Man. of Calyptraea pI. II fig. 5. 

lippines. 
Cassis japonica Reeve. Japan. Reeve. Man. of Cassis pI. IX fig. 23. 

COn1tS furous Reeve. Philippines. Reeve. Man. of Conus pI. XlII & XL 
fig. 69. 

ConIIs sinensis Saw" China. Reeve. Man. of Conus pI. XV fig. 76. 

I 
1'he disproportion of Pelecypoda and Gastropoda is the striking 

feature of this list, the former greatly exceeding the latter; thus 
just the re verse takes place as we have noticed in the Gallic types. 
In that group the proportion of Pelecypoda to Gastropoda was 
1 : 3'14 in this group it is 4 '16: 1. 1'his is the more remarkable 
because as already stated the proportion of Pelecypoda to Gastro
poda is almost 1:], among the total of the Palaeogene, as well 
as the Neogene species. 

Two species are of particular interest among the pacific types 
bccause they represent unquestionably species from which new on es 
have evolvcd; these are Parallelipipedu1Il prototortuo8U1Jl spee. nov . 
and JHeiocardia p1'otovulgm'is spee. nov. 

'fhe first named species represents that peculiar group of eOll
tOl'ted Arcae for ",hich the rather long name of Parallelipipedum 
has been ehosen; no representatives of this group are known from 
Europe and it seems that this genus first appears in the Mioeene 
of Western India and Burma; it was probably very short lived in 
13urma but in Western India it existed apparently longer, becausc 
it ocr.urs in the Pleistocene deposits of the Mekran coast. It must 
have then died out, for it is eertainly not represented among the 
fauua of the Indian ocean but eastwarcls of Singapore it is now 
l'cpresented by the only living species, Parallelipipedum tortuoSU1Jl 
Reeve. whieh has unquestionably evolved from the Miocene Para 1-
lelipipedu1Jl jJrototodu08U1It spee. nov. 

A similar and not less interesting instance is that of Meiocardt'a 
P1'otovulgaris spee. nov. and its descendant Met'ocardia lIletavulgart's 
spec. nov. The gen us M eiocardia has been established for a few 
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peculiarly shaped species which have formerly been classified aTIlong 
the genus Isoeardia,' the living representatives are at present restric
ted to the Chinese sea, but is is very probable, that it was lar
gely distribnted in earlier periods, becanse many of the so called 
Cypn'eard?:ae probably belong to the genus Met·oeardia . In Burma 
the ol de st species is Meioeardia protovulgaris spec. nov. occuring 
in the zones of Pltolas orienlalis and Parallelipipedum prototortu
OSU1Jl this species is triangular in shape, having a rather small 
index, and delicate conccntric striae as ornamentation; in the 
younger zone of Meioeardia metavulgaris spec, nov. the shapehas 
become more elongate, the index therefore larger and the surface 
is covered with coarse concentric wrinkles. The genus seeTIlS then 
to have died out in India, but in Java it is represented by the 
pleistocene Met'oeal'dia subeumingii Wood ward and at present it 
occurs only in three species which apparently little differ from each 
other, and of which Meiocardia vulgaris Recve is unquestionably 
the direct descendant of Meiocardt'a protovulgaris spec. nov. through 
Jfeiocardia rnetavulgaris spec. nov., having the same elongate shape 
but strong concentric rihs, instead of co ar se wrinkles. 

These instances are sufficient to prove the connection between thc 
Miocene fauna of Eurma and that inh&biting the Western part of 
the Pacific, a fact which can only be cXplained hy the theory of 
migration. 

4. Meditermnean types. This group includes a very small num~ 
ber of species the nearest relatives of which inhabit at present the 
Meditcrranean and which are unquestionably not reprcsented among 
thc present fauna of the lndian ocean. These speCIes are. 

Name of species. 

1. Di8coneli.c minuta N oetl. 

2. Cancellaria pseudocancellata 
spec. nov. 

Name of nearest living 
relative. 

Di8conelix zanclea Phil. 

Cancellaria canceUata Lmk. 

Rcmarks. 

No recent specimen 
compared. 

:3pecimen com pareel from 
the InJian museum. 

Both species are repl'esented by a · single specimen only, na ûthers 
having been found; they appear therefore to be rather rare. 

The occurence of this element is perhaps as puzzling as that of 
the gaIli.c types and if a rash conclusion were drawn from the 
occurence of this particular group, it would be entirely wrong. 
One might assume that this group occuring in thc Miocene of 
Burma, but not in the fauna of the lndian ocean, migrated from 
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East to West thus indicating a direction of migration fuUy in 
opposition to the one ahove proved, but in harmony with Dr. 
Semper's theory. 

An other explanation can however be given which is fuUy in 
harmony with the theory here promulgated, viz. a migration from 
West towards East. ').1he nearest relatives of hoth species occur in 
the Miocene of Europe; whether an Eocene ancestor of Cancellaria 
tubercularis exists, or will be found, I arn unable to say, but there 
are certainly Eocene predecessors of Di8cohelia; zanclea. If we sup
pose that both types existed during the Eocene period in Europe 
and some of their representatives migrated with other species 
towards East, whcre they died out with th~ end of the Mio
cenc period, while they persisted in Europe up to the recent time, 
we have a perfectly satisfactory explanation for the occurence of 
this remarkable element in the Miocene of Burma, without being 
in contradiction to the conclusions arrived at frorn the study of 
other groups. The number of the Mediterranean types is unfor
tunately very small, but it may not be too rash a conclusion if 
we assurne that a larger number of this group occurs in the Mio
cene of Western India. 

5. Specie8 not clfl88iJied. This group caIls for no further re
marks ; it contains a single species only, 08trea promen8i8 spec. 
nov. var. which is too ill preserved to allow for classification. All 
that can be said about this species is that it hears not similarity 
or relationship to any species of Ostrea living in the ImlÏan ocean 
and represents perhaps a Gallic type. 

h. Neo!!ene Specie8. 

1. Identical 8pecie8. This group includes onl) such species 
which aftcr a careful examination could be pronounced to be iden
tical with species inhahiting the Indiall ocean. rfhe list is rather 
a meagre one giving only 19 species, which show an almost equal 
proportion . of Pelecypoda and Gastropoda, the latter being slightly 
in excess of the farmer. 



Name of species. 

1. Mytilus nieooaricus Chemn. 

2. Area bistrigata Dunk. 
3. Orassatella rostrata Lmk. 
4. Venus granosa Sow. 

5. O!Jtherea erycina Fav. 
6. Tellina foliaeea Lin. 
7. Pholas orientalis Gmel. 
8. lJentalium junghuhni K. 

Martin. 
9. &larium maximum Phil. 

10. Sigaretus neritoideus Linn. 
11. Rimella crispata Sow. 

12. Ranella elegans Beek. 
13. Pyrula pugilina Bom. spec. 
14. 1/ bucephala Lmk. spec. 

15. Marginella scripta Hinds. 

16. OliM rufula Duel . 
17. Glavatula fulminata Kien. 
18. Conus literatus Linn. 

19. 1/ mal.aceanus H wass. 

THE MIOCENE OF BURMA. 

Reference. 

Reeve. Mon. of Mytilus pI. IX fig. 42. 

Reeve. Mon. of Orassatella pI. II fig. 1 O. 

Reeve. Mon. of lJione pI. I fig. 3. 
Reeve. Mon. of Tellina pI. III fig. 11. 
Reeve. Mon. of Pholas IJL II fig. 5. 
lJentalium magnijicum (Authors name 

not stated). 
Reeve. Mon. of Solarium pI. I fig. 4. 
Reeve. Mon. of Sigaretus pI. I fig. 5. 
Reeve. Mon. of Rostellaria pI. III fig. S. 
Reeve. Mon. of Ranella pI. V. fig. 1. 
lteeve. Mon. of P!Jrula pl. I fig. 1. 
Reeve. Mon. of Pyrula pl. VII fig. 24. 

Reeve. Mon. of Marginella pI. XIV 
fig. 58. 

Reeve. Mon. of Oliva pl. XX fig. 50. 
Reeve. Mon. of PleurotomD, pl. V fig. 37. 
Reeve. Mon. of Conus pI. XXXIII 

fig. 183. 
Reeve Mon. of Conus pI. X fig. 49. 
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Recent specimen compared 
from. 

No recent specimen 
compared. 

Inuian Museum. 
do. 
do. 
do. 
uo. 
do. 
uo. 

do. 
do. 
do. 
do. 
uo . 

No recent specimen 
compared. 

Indian Museum. 

do. 
do. 
do. 

do. 

2. 8ubidentical 8peC'le8. This group contains roughly speaking 
all those which are neither exactly identical, nor represent an evo
lutionary stage of recent species, but which are so similar to spe
cies inhabiting the Indian ocean, th at there can be no doubt asto 
their representing their Miocene ancestors. 

The relationship in which these species stand to tbeir living 
descendants is rather a peculiar one, the fI~cent species cannot be 
called a variety of the fossil one, nor is it a new species which 
has evolved from the fOl'mer one. As for a variety the features 
are too different and as for ' a new species they are too similar. 
'rhe difference may best be characterised as follows: In the Mio
cene we have a small shell with a delicate ornamentation, in the 
recent fauna we have exactly the same characters but the whole 
is transformed into the coarse so to speak, the shell has hecome 
largeI' and the ornamentation stronger. 'rhe term "mutatio" might 
perhaps he applied to this group. 

In other instances like that of Gari protokingi spec. nov. -
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Gari 1cingi Noetl. Gari deutero1cingi spec. nov. Gari 
caerulescens Reeve which represent a perfect line of evolution from 
the zone of Parallelipipedu1Jl prototortuosu1JZ spec. nov. to the pre
sent time it is certain that by a gradual change a new species 
has evolved from an older one. 'fhere is no doubt as to the 
difference of Gari pro to1c1'nfJ i spec. nov. and Gari caerulescens 
Reeve. yet both species are intimately connected hy the in
termediate species of Gari 1cingi N oetl. and Gari deutero1c1'nIJi 
spec. nov. 

It is unfortunate that no definite rules can be given as to the 
delimitation of both subgronps, because too much must be Ie ft 
to personal opinion. Two authors might perfectly disagree as 
to what is considered a new species or a mutatio only, or even 
whether two species are identical or not. The line here taken 
expresses of course my personal opinion alld others may differ from 
it, yet I think that the mutatios greatly exceed the new species 
among this group. 

Pelecypoda and Gastropoda contribute almost evenly towards its 
composition, there being ] 0 of the former and nine of the latter. 
'l'he following IS the list of su bidentical species. 

Name of species. ') 
Name of nearest recent 

relative. Reference. 

1. Lima protosquamosa spec. nov. 
2. Cucullaea protoconcamerata 

spec. nov. 
3. Nucula alcocki Noeti. 
4. Carditaprotova1ief}ataspec .nov. 
5. lJione protophilippina1"1t1n spec. 

nov. 
6. Tapes protolirata spec. nov. 
7. Gari protokingi spec. nov. 
8. 1/ ki11!Ji N oeU. 
9. 1/ deuteroki11!Ji spec. nov. 

10. Corbula socialis K. Martin. 
11. Torinia protodorsuosa spec.nov. 
12. Natica obscura Sow. 
13. Eburnaprotozl'!/lanicaspec.nov. 
14. Fasciolaria nodulosa Sow. 
15. Pyrola pseudobucephala spec. 

nov. 

Lima squaiilosa Lamk. 
Cucullaea concamerata Lmk. 

NlIcula cumil/gi Himls. 
Cardita varief}ata Beug. 
lJione philippinar1l1/i Han. 

Tapes lirata Phil. spec. 

(Gari caerulescens Lmk. 

Corbula crassa Hinus. 
Solarium dorsuosu1lt Sow. 

Reeve . Mon. of Lima pI. II fig. 10. 
Reeve. Mon. of Oucullaea pI. I fig. 1. 

Reeve Mon. of Nucula pI. I fig. 5. 
Reeve. Mon. of Cardita pI. I fig . 3. 
Reeve. Mon. of Ogtherea pI. X fig. 47 . 

Reeve. Mon. of Tapes pI. V fig. 20 . 

Reeve. Mon. of Psammobiapi. VIII fig. 60. 

Reeve. Mon. of Corbula pI. I fig. 8. 

Natica linea la Lmk. Reeve. Mon. of Natica pI. VII fig. 24. 
Eburna zeylanica Lmk. Reeve. Mon. of Eburna pI. I fig. 8; 
Fasciolariafilamentosu Martini. Reeve. Mon. of Fasciolaria pI. II fig. 4. 
Pyrula bucepltala Lmk. Reeve. Mon. of Pyrola pI. VII fig. 24. 

16. Slrioterebrum protomyuros spec. Terebra myllros Lmk. Reeve. Mon. of Tereb1"a pI. VIII fig. 3l. 
nov. 

17. Tereb?"'U1!I. protoduplicatum spec. Terebra duplicata Lin. spec. Reeve. Mon. of l'erebra pI. I fig. 3 . 
nov . 

IS. lJrillia protointerropta spec. lJrillia interrupta Lmk. Reeve . M on. of Pleurotoma pI. VII fig. 51. 
nov. 

] 9. lJrillia protocincta spec . nov. lJrillia cincta Lmk. Reeve. Mon. of Pleurotoma pI. XII fig. 99. 

') All these species have been compared with specimens from the Indian Musenm. 
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3. Evolutionary 8pecie8. This small but interesting group in
cludes such species which were recognized with certainty to repre
sent permanent juvenile stages of recent species. 80 far it . seems 
that they all exhibit about the same stage of evolution, not that 
one species represents a more advanced stage than the other; this 
question is however not finally settled yet. The total number of 
species belonging to this group, is small, there being not more 
than eight; the following is the list: 

Name of species . 1) 

1. Peeten protosenatoriU8 spec. nov. 
2. Area burnesi d' Arch. & Haime. 
3. 1/ theobaldi spec. nov. 
4. 1/ metabiatrigata spec. nov. 

Name of nearest recent 
relative. Reference. 

Peeten Se1UltoriuS Gmel. Reeve. Mon. of PectenpI.XXXIVfig. 159. 

! Area granosa Lin . Reeve. Mon. of Area pI. III fig. 15 . 

Area bistrigata Dunk. 
5. Cardium protosubrugosum spec. nov. Cardium subrugosum Sow. Reeve. Mon. of Cardium pI. XI fig. 55. 

Corbula truncata Sow. 6. Corbula p1'ototruncata spec. nov. 
7. Ranella p1'ototubercularis spec nov. Ranella tubereularis Lmk. 
8. Clavatula p1'otonodiJera spec. nov. PleuroUmUl 1wdifera Lmk. Reeve. Mon. of Pleurotoma pI. IV fig. 28. 

Meagre as this list is it seems certain that the num ber of Pele
cypoda is far greater than that of the Gastropoda, the proportion 
being 75::2 5. Ifwe recollect that a similar proportion existed 
bet ween the Pelecypoda and Gastropoda of the Pacific species wherc 
the ratio was 75: 18 it is perhaps not too rash to suppose that 
the Pelecypoda of the Miocene formation were probably in a stage 
of tran~formatioll whilc the Gastropoda represented a more stabile 
element. 

4. SpCC'l'e8 not cla88ijed this group is represented by a very 
small number of species only VIZ. 

1. O!Jrena kodoungenlJis spec. nov. 
2. Xe1WpllOra birmaniea spec. nov. 
3. Natiea eallosa Sow. 
4. 1/ gracilior spec. nov. 

'l'hese species have probably living relatives among the fauna of 
the Indian ocean but owing to the indifference of their features 
caused by the state of preservation they could not be brought in 
relation with any given species, but appeared to be related to 

' ) All these species have been compared with specimens from the lndian Museum. 
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quite a number. Better preserved specimens win perbaps III future 
allow for tbeir classification. 

c. 8u1Jlmary of Palaeontological con8ideration8. 

The following table will give in a convenient arrangement the 
cbief results of tbe above considerations, at least as far as tbey can 
be expressed by figures; tbe left hand part contains tbe absolute num
ber of species contained in each group, the first column gives tbe 
total of Pelecypoda and Gastropoda wbile in the second and third, 
each class is given separately. In adding up the figures it will he 
seen that in the first and second column the total llumber of 169 
and 82 exceeds tbat of the actual numher 167 and 80 by two. 
This is accounted for by tbe two species Lucina nea8quamo8a spec. 
nov. and hucina pagana spec. nov. being mentioned twice, once 
among the gallic and tbe second time among the pacific types. 

'The rigbt hand part of contains the percentage each of the six 
groups contributes towards the composition of tbe fauna. In the 
first column tbe total of Pelecypoda and Gastropoda is given, in 
tbe second and third each class sparately. 

Absolute Number. In percents . _. 

TotaI. I 
Pelecy-

I 
Gastro-

TotaI. I Pelecy-

I poda. poda. poda. 

Species of wruch no relatives, either 
living or fossil could be 
(Indifl.en0u8 types) . 

traced. 62 25 37 36.2 0/0 31.25 % 

Species of which the nearest relatives 
occur in the Eocene of Paris. (Gal- 23 7 16 13.8% 8. 75% 
lic types). 

Species of which the nearest relatives 
live at present in China, Japan, Phi- 31 25 6 18.6% 31.25 % 
lippines, Australia. (Pacific types) . 

Species of which the ncarest relatives 
li ve at present in the Mediterranean. 2 - 2 1.2 % -
(Mediterranean types). 

Species which could not be classified. 1 1 -- 0.6 % 1.25% 

G8.'ltro-
poda. 

42 .35 % 

18.40 % 

6 .90 % 

2.30 % 

-

Species which are identical with spe-
19 7 12 11 .4% 8.75% "t 3.80 % 

cies living in the Indian ocean. 

Species which are subidentical with spc-
cies living in the Indian ocean. 19 10 9 11.4% 12.50 % 10.35 % 

Species representing a permanent evo-
lutiona1"y stage of species living in 
the Indian ocean. 

8 6 2 4 .8 % 7.50% 2.30 % 

Species which could not be cl8.'lsified. 4 1 3 2.4% 1.25% 3.45 °l o 
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'fhough these figures are in themselves instructive enoughtheir 
value will be better realized from the following diagram, in which 
the percents have been entered from the bottom to the top, while 
the groups are given from left to right. The first curve represents 
that of the total of Pelecypoda and Gastropoda, the second and 
third one, that of the Pelecypoda and Gastropoda separately. 
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Pelecypoda + GfUJtropoda, Pelecypoda, 

'Fig. 1. 

'fhe curve of composition, as it may be called, is very instructi ve ; 
we see at the first glance tbe great difference that exists in the 
composition of the Gastropoda and Pelecypoda by the different 
shape of thc curve, we aiso 'notice that this difference is solely 
caused hy the compoRition of the Palaeogene · species, represented 
by the Ie ft part of the curve, whiie the right part, wbich repre
sents the Neogene species is very similar in both classes, thus 
indicating a verJ similar composition of the Neogene class of the 
Pelecypoda and Gastropoda. 

If we compare the curves of the Pelecypoda and Gastropoda 
with that expressed by the total of both classes, thB striking simi
larity between th is curve and that of the Pelecypoda is evident. 
'fhe Pelecypoda have therefore impressed their stamp on the curve 
notwithstanding that both classes are represented by almost equal 
numbers (80 and 87) the Gastropoda being even slightly in excess. 
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We have now to inquire what reason caused th is difference? 
As already stated the composition of the Palaeogene species accounts 
for it, and the reason is clearly visible; it is the small l1umber of 
Gallic, and the large number of pacific types, whieh causes the 
buIging out of the curve. 'rhe Pelccypoda having thus illfluenced 
the curve of composition we must endeavour to ascertain the nature 
of this inftuenee, whieh I think ean be found in the rapidly 
changing character of the Pelecypoda while the Gastropoda rep re
sent a more stabile element, which is subject to a much smaller 
degree of alteration. 

'rhis view is fully supporled by figures; out of a total of 80 
species of Pclecypoda Bot more that 7 (= 8.75 0/0) or if we add 
to this the number of mutatios with 7, 14 species (= 1 7.5 0 0/0) 
can be considered as identical with species inhabiting the Indian 
ocean. In a strange contrast stands the large figure of those whieh 
are not absolutely identical with recent species; this group is com
posed of the palaèogene, the evolutionary and the small number 
of subidentical species represented by Gari protolcingi, Gari lcingi 
and Gari deuterolcingi aggregating to 66 species (= 82.50 0/0)' 

If we examine the Gastropoda we see that 21 species (= 24.15 0/0) 
of the total are identical with living species while the remainder 
of 63 (= 72.25 0/0) is represented by the non-identical species. 

These figures may perhaps not be very convincing, as they do 
not reveal the true facts, which are better shown if we take tbc 
pacific and evolutionary species together, as the former can cer
tainly be considered as a modification of the latter, in being 
represented by recent species, though occuring outside the Indian 
ocean and then compare Pelecypoda and Gastropoda. 'l'he number 
of Pelecypoda is 31 (= 38.75 0/0)' while the same group is onl)' 
represented by 8 Gastropoda (= 9.20 0/0)' If we compare with 
these figures the number of species identical with living ones viz 
14 species (= 17.5 0/0) of Pelecypoda and 21 species (= 24.15 o/J 
of Gastropoda the contrast becomes evident. We may therefore 
assume, that while the Gastropoda remained fairly stabile, the 
Pelecypoda were subject to great changes; a large number died 
out, a gOOG number migrated into foreign seas, being differently 
aft'ected and modified during this process; a small llumber gradu
ally evolved new characters, a still smaller number producing new 
species, while only a few did not change and persisted in an 
unaltered state, from the Miocene to recent times. 

In the next table I have still more summarized the results by 
adding together the different groups composing the palaeogene atid 
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neogene species. 'l'his table would therefore represent those species 
whieh would formerly have been summarily called "extinct" alld 
" recent" species, and the figures would have to be used when 
determining tbe age of the Yenangyoungt'an hy meallS of Lyell's 
rule. 

The left hand part of the table contains the actual number of 
species, the right band part the percents, Pelecypoda and Gastro
podo being again taken in total and separately. 

Absolute number. In percents. 

Tota!. 
Pelecy- Gastro-

Tota!. 
Pelecy· Gastro-

poda. poda. poda. poda. 

Palaeogene Species ... 117 56 61 ïO.4 oio 70 .0 oio 7U.0 % 
Neogene Species . . . " . . 50 24 26 30.0 oio 30.0 '% :~û.O 0/0 

167 80 87 100.4 oio 100.D 0/0 100.0 oio 

'l'hese figures gi ve the very interesting result, that w hatcver tbeir 
composition may be the total of the Palaeogene anel Neogene spe
cies is represented in both, the Pelecypoda and Gastropoda, by tbe 
same proportion vi~ . 70: 30. rl'his harmony of figures seems to 
prove that whatever cause may have influenced certain groupf'. of 
either Pelecypoda or Gastropoda, both classes taken as a whole 
stand in the same relation to tbe present fauna of the Indian 
ocean, by containing 30 % of species which are more or less the 
same as species inhabiting this region nowadays. 

C. Vertical dislribution of the different grOUJ)8 of Palaeogene 

and Neogene specie8. 

In the following tables the vertical distribution of the dift(:~rent 
groups of fossils has been given and the results of this investi
gation are again cOlldensed in the last three tahles, the first of 
which gives the absolute numher of species, the second the per
cents and the third the number and percents of palacogene and 
neogene species; all these tables give the total of Pelecypoda and 
Gastropoda, because a division into both classes does not appear 
to give any new results. 
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1. INDIGENOUS SPECIES. 

1. Ostrea peguen8is spec. nov. 

2. Lima griesbaclliana spec. nov. 

3. TTul8ella linguatigris spec. nov. 

4. Modiola buddhaiea spec . nov. 

5. 11 pseudobuddhaiea spec. nov. 

6. Area oldhamiana spec. nov. 

7. 11 yawen8is spec. nov. 

8. 

9. 

11 

11 

myoifn8is spec. nov. 

namwdes K . Martin. 

10 . 11 peethen8is d' Arch. & Haime. 

11. Nucula phayreiana spec . nov . 

U. Leda birmaniea spec . nov. 

13. 11 virgo K. Martin. 

14. 
15. 
16. 
17. 

11 avaim.Yis spec. nov. 

Gardita viquesneli d' Arch. & Haime. 

11 planieosta spec. nov. 

Lucina d'arekiaciana spec. nov. 

18. Gardium minlnt.en8e spec. nov. 

19. Petrieola incerta spec. nov. 

20. Oytkerea y01ltaifn8is spec . nov . 

21. Dione arrakanen8is spec. nov. 

22. 11 amygdaloides spec. nov. 

23. 11 dubiosa spec . nov. 

24. Hiatula textilis spec. nov. 

25. Corbula rugosa Sow. 

26. Dentalium boettgeri spec. no v. 

27 . GalliosWma blanfordi Noetling. 

28. 11 koenenianum spec. nov. 

29 . Basilissa loriolip,na spec . nov . 

30. &larium eoniforme spec. nov. 

31. Torinia buddha N oetling. 

32. &alaria leptopleurata spec. nov. 

33. 11 irregularis Noet!. 

34. Turritella simplex Ienkins. 

35. 11 ajftniformis spec . nov. 

36. Oypraea granti Sow. 

- - - - - .- - - - - - - - * 

* - ------ - ----

* ----- * * - - - - - - 1- - - * * 
- - - -- - - - - - - * 
- - * - - ------ ---

- - - * -----------

* 
* 

- - * * 
- - - * 
--------- * 
- - - - * 
- - - * 

* * -----* * 
* * - -- ---- *---

- ------- * 

* * ------* 

- - * 
- - * 

* - -1- - '- - - - - -

= :- -=-I _~- -=- = -=- -: -: = -=- = = = 
-- - - * 
- - ------- * *-- -

* 
------ * *-* * ---

* 
* 

* 
-- - - - - -- * * - - - - - -
--------* 
------- * ------

- -- - * * - - - - - * - - -
- - - -- - - .- * * 
- - .- - - - * * - * * 
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37. Aricia kum.erosa Sow . spec. * 
38. Trivia sm.itlti K. Martin. - * 
39. Cassis d' arcltiaci N oetl. * 
40. Galeodea rn.onilifera spec. nov. * - i- * * 
4l. Oniscidia m.inbuensis N oetl. * 1-
42. Ficula theobaldi N oetl. - * * * * 
43. Triton pardalis Noetl. * - * * 
44. Persona gautam.a spec. nov. * 
45. Fusus verbecld K. Martin. * 
4(;. Murex arrakanensis spec . nov. * 
47. Murex (?) lcltiltalckeffi d' Arch . & Haime. - * 
48. Voluta ringens spec. nov. * 
49 . Gancellaria inornata spec. · nov. * 
50. 1/ m.artiniana spec . nov. * * 
5l. Terebrum. unicinctum. spec. nov. * 
52 . 1/ bicinctum. spec. nov. * 
53. 11 sm.itki K. Martin. * 
54 . Pleurotom.a karenaica spec. nov . * 
55. Surcula feddeni N oetl. 

* 1= * * 
56. Genota irravadica N oetl. 

* - * 
57. Olavatula m.unga spec. nov. * 
58. Drillia yenanensis N oetl. I 

* - I 
59. 1/ prom.ensis spec . nov. * 
60. Conus yuleianus spec. nov. * * 
6I. 11 galensis spec. nov. * 
62. Ringicula tumta K. Martin. * 

2. GALLIC TYPES . 

l. Ostrea prom.ensis spec. nov. .. * 
2. 11 pal'!/racea spec. nov. * * 
3. Pecien kokenianus spec. nov. * * * * * * 
4. 1/ irravadicus spec. nov. 

=1-:-
- * * = I ~ * - ! -

5. hucina pagana spec . nov. * 
6. 1/ neasquam.osa spec. nov. * 
7 . Tellina [Jrim.esi spec. nov. * * * * * * * ·- 1-B. Solarium nitens spec. nov. 

= I -~ -1-9. &alaria spathica spec. nov. - * - -
Verhand. Kon . Akad. v. Wetensch . (2. Sectie). DI. VII. B 6 
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Turrilella acutiearinata Dunk. - - - * * 
1/ leiopleurata spee. nov. - - - - * -

1/ lydekkeri spee. nov. - -- _.-
* -

1/ angulata Sow. - - - - -
Vermetus javanus K. Martin. * * - * -

Fossarus krausei spee. nov. - - - - * 
Triton lU!a8 triatulus spee . nov. - - - - - -

1/ 1U!acolubrin'us spee. nov. - - - - * 
Fusus seminlldus spee. nov. - _ . --- - -

Volvaria birmaniea N oet!. - - - - - -

Voluta dentata Sow. - - - - --

Cancellaria 1U!avolulella spee. nov. - -- - - * 
1/ davidsoni d'Areh. - - - - -

Conus avaën8is spee. nov. * * * * * 
3. PACIFIC TYPES . 

Avicula suessiana spee . nov. - - - - -

Area tltayelensis spee. nov. - - -- - -

1/ bataviana K. Martin. - - * - * 
Parallelipipedum prototortuosll1n spee. nov. - - - * -

Cardita sealyrosa spee. nov. -- - --- - -

1/ tjidamarensis K. Martin. - - - - -

Cra8satella dieneri spee. nov. - - - - -
Lucina 1U!asquamosa spee. nov. - .- - * --

1/ pagana spee. nov. - - - * - -

Cyrena erawJurdi Noet!. - - - - -

1/ petrolei Noet!. - - - - -

Meioeardia protovulgaris spee . nov. - - * * -
1/ 1netavulgaris spee . nov. - - - - -

Venus protojfexuosa spee. nov. - - * - -

])iQ1UJ protolilacina spee. nov. * - * * * 
lJosinia protoj uvenilia spee. nov. * * - * -

Tellilta protostriatula spee. nov. - - - * * 
1/ protoeandida spee. nov. - - - * -

1/ indijferens spee . nov. - - - * -

1/ hilli Noetl. - * * * * 
1/ pseudokilli spee. nov. - - - - .-
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- - - - * * - ' - -
- - - - - - - - -
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22. Gari naten8is spec. nov. - - - * - - - .- - - - - - -
23. Solecurtua exsulcatua spec. nov. - - - - - - - - - - - - - * 
24 . Mactra protoreeveaii spec. nov. - - * * - - - - - - - - - - -
25 . Phola8 blanfordianus spec. nov. . - - * - - - - - - - -- - - -
26 . Turcica protomonilifera spec . nov. - - - - * - - - - * - - - -

27. &alaria birmanica spec. nov. - - - * - - - * - _ . - - -

28. Calyptraea rugosa Noetl. - * * - * - * * - - * - - -

29. &micaaai8 protoJaponica spec. nov. - -- - - - - - * - - - - - -

30. Conus protofurvua spee. nov. - - - * - - * - - - - - - -
3l. I! hanza spee. nov. - - - * - - - - - - - - - -

4. MEDITERRANEAN TYPES. 

l. Discohelix minuta Noetl. - - - - - - - * - - - - - -

2. Cancellaria p8eutlocancellata spee . nov . - - - - - -- * - - - - - -

5. SPECIES NOT CLA8SIFIED. 

l. Ostrea pr~ spee. nov. va.r. - - - - - - - - - - - - - * 
6. IDENTICAL SPECIES . 

l. Mytilus nicobaricua Chemn. - - - - - - - - - - * - -

2. Arca bi8trigata Dunk. - - - - - * * * - * * - - -
3. Oraasatella rostrata Lmk. - * - - - - - - - - - - -

4. Venus granosa Sow. - - - - - - - - - - - - - * 
5. Oytherea erycina Fav. * - * * - - - - - - - - - -

6. Tellina foliacea Reeve. - * * * * - - - - - - - -

7. Phola8 orientalis Gmel. - - * - - - - - - - - - - -
8 . lJentalium Jungltulmi K . Ma.rtin. - - - * - - - - - - * - - -

9·. Solariurn 'l7UJ,XI,mum Phil. - - - * * - * * - * * - - -

10 . Sigaretua neritoideus Linn. * - - * - - * - - - * - - -
11 . Rimella crispata Sow. spee. - - - - * - - - - - - - - -
12. Ranella elegans Beek. * * - * - - - - -1- - - - -
13. Pyrula pugilina Bom . spee. * - - - - - - - -- - - - -
14 . I! . bucephala Link . spee. - - - - - - - - - - * - - -

15. Marginella scripta Reeve. - - - - * - - - - - - - - -

16 . Oliva rufula Duel. - * -- * * - * * - - * - - -

17. Clavabula fulminata Kien. - - - - - -- - - - - * - - -

18. Conus literal!u8 Lin. - * - - - - - -- - - - - - -

19. I! malaccanua Hw8.SS. - - - - - - * * - - - - - -
B 6* 
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7. SUBIDENTICAL SPECIES. 

1 . Lima protosquanw8a spec. nov. - - - - - - - - -- - * .- - -
2. Oucullaea protoeoncamerata spec. nov. - - -- - - - -- - - - -- - - .* 

3 . Nucula alcoeki Noetl. - - - - * - * * - * - - - -
4. Cardita protovariegata spec . nov. * * 
5. Dione protopltilippinarum spec . nov. * * * * * * * * - * * 
6. Tape8 protolilacina spec. nov. - - - - - - - .* 

7. Gari protokingi spec. nov. * * 
8 . 11 kingi N oetl. - -- - --* * - * 
9. 11 deuterokingi spec . nov. ---- - --- - -* 

10. Corbula socialis K. Martin. * * *---- - ----
11. Solarium protodorsuosum spec . nov. * -- * --- - --
12. Natiea obscura Sow. * * * * * - * * - - * 
13. Eburna protozeylaniea spec. nov. * * 
14. Fasciolaria nodulosa Sow. --- - - - * * -
15. Pyrula pseudobucephala spec. nov. - * 
16. Striolerebrum proWmyuro8 spec. nov. * . -

17. Terebrum protoduplieatum spec. nov . * -
18 . Drillia protoinlerrupta spec. nov. * - - * 
19 . 11 proto~incta spec. nov. * -

8. EVOLUTIONARY SPECIES . 

1. Peeten protosenatorius spec . nov. - .* 

2. Area burnesi d'Arch. & Haime. * 
3. 11 tlteobaldi spec. nov. * -
4, • 11 metabistrigata spec. nov. * 
5. Cardium protosubrugo8U1n spec. nov. * - * 
6. C01'bula prototruncata spec. nov. * - * * -
7. Ranella prototubercularis spec. nov. * * -
8. Clavatula protonodifera spec. nov. - .* - - * 

9. SPECIES NOT CLASSIFIED. 

1. O!/rena kodoungensis spec. nov. - - - * 
2 . Xenopkom birmaniea spec. nov. * 
3. Natiea eallosa Sow. * * * 
4. 11 gracilior spec. nov. - - - .. 
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In the summary tables the zones of Anoplotlterium birlllaniculll 
spec. nov., lJione dubiosa Noetl., Ca'l"dita ijidamaren8is Mart., GJrena 
crawfurdi Noetl. and those species the horizon of which is unknown 
have been omitted fOf ohious reasons. In the four first named 
horizons the number of Pelecypoda and Gastropoda is too small 
to be of any practical value and those, of which the horizon is 
not known, can of course not come into consideration, though 
some of the most interesting specie~ come under this group. For 
the same reason the group of species not classified has been mnit
ted among the palaeogene species. 

Though tbe first table pag. 85 gi ves the actual figures, the infol'
mation they contain is not made so evident as in the following pag. 
86, where the percents are given, and sorne very interesting results are 
obtained. The lowest fossiliferous horizon, that of Cytherea eryina Fav. 
uppears to be very abnormal, if those fossils that have been examined 
by me really represent its fauna; their number being however very 
smalI, aggregating to 15 only, not including 3 species which have 
only generically heen determined. Tt is therefore quite probable, 
that if more extensive conections win be made, that is to say if 
the fauna is more completely knowll, the figures win be different. 
It seems rather strange t.hat the lowest fossiliferous horizon should 
not contain any indigenous species at aU, a group which in all 
other horizons is represented by one quarter to one third of the 
total fauna. This faet alone is sufficient to make the figures appear 
rather doubtful and it is the more emphazised by the neogene 
being greatly in excess of the palaeogene species; the percentage 
is 59 .98 % of the former and 39.99 % of the latter or 60 0

/
0 

and 40 0/0 in round figures, while in aU the otbel' horizons the 
proportion is 40-30 % of neogene, and 60-70 % ofpalaeogene 
species. The figures may however not be quite so wrong, 
a view which finds some support in the composition of the 
fauna of the zone of Meiocardia 1Jletavulgaris spec. nov. Having 
collected tbe specimens myself I can confidently say, that I got 
as exhaustive a collection as could be made, yet the fauna of this 
horizon, which is one of the youngest known, contains the largest 
percentage of palaeogene species, the proportion of palaeogene to 
neogene species being 80 % t6 20 0/0, In this instance the small 
number of species cannot account for the anomaly because the 
zones of Aricia ltu1Jle1"Osa Sow. spec. and Pltolas orientalis Gmel. 
from which the same number of species have been described as 
from the zone of Meiocardia 1Jletavulgaris spec. nov., show a per
fectly different proportion of palaeogene and neogene species, which 



88 THE MIOCENE OF BURMA. 

in both instances approaches very closely the average, though both 
have, as we see from the diagram a very different curve of variation. 

The probability that independent of their vertical position certain 
horizons contain a peculiar fauna, the character of which is demon
strated by an anomalous composition cannot be denied, and has to 
someextent been forestalled by the remarkable short vertical range 
most of the species have. This feature requires however further 
examination. If we therefore exclude the zone of Cytherea er!/cina 
Fav. there l'emain eight fossiliferous horizons the analysis of whose 
fauna is of great interest. 

The group of IndigenoU8 types varies considerably, as it ranges 
from 24.50 0/0 in the zone of Parallelipipedu1Jl prototortuo8u1'Il 
spec. nov. to 42.0 % in the zone of M!/tilu8 nicobm·icU8 Chemn. 
yet it is quite certain that if the former is not one of the oldest 
horizons known, it is certainly much older thitn that of the latter. 
The zone of Phola8 01·ientaN8 Gmei. which though its exact posi
tion is not known, is probably closely related to the7.0ne of 
Aricia humero8a 80w. spec. exhihits almost the same percentage of 
indigenous types as that of Parallelipipedu11l prototortuo8UrJl spec. 
nov. while the zone of Meiocardia metavulgari8 spec. nov. contai
ning 40 0/0 of indigenous types stands in a similar relation to that 
of M!/tilu8 nicobaricU8 Chemn. 'rhe other horizons caU for no 
special remark, the percentage heing very close to the average. 

The group . of Gallic types shows in general a very small fluc
tuation, but exceeds in all cases the average, except in the zone 
of Meiocardia metavulgari8 sper. nov. and M!/tilus nicobaricU8 Chemn. 
where it faUs, particularly in the last instance considerably helow 
the average. 

The horizons of upper and lower Burma if considered together 
show however a feature of peculiar interest, which makes it par
ticularly regrettable that the ssquence in 10wer Burma is not 
known with sufficient correctness. It appears that in upper Burma 
the percentage of Gallic types decreases from the older to thc 
younger heds, as will be seen from the following figures. 

In descending order: 

Zone of Mytilus nicobarictl8 Chemn ..... .. . . 
Zone of Meiocardia mè!avulgaris spec. nov .. . 
Zone of CaJlcellaria martiniana spec. nov .. . . 
Zone of ParaC!/athu8 caeruleU8 Dunc . ...... . 

8.4 0/0 
12.00 0/0 
14.28 0/0 
16.80 0/0 

On the other band if we examine the same figures in thc 
sequence as adopted for lowel' and upper Burma it appears that 
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the percentage increases from the older to the younger horiwns. 
I am uüable . to account for this anomaly unless it be that the 
position attributed to the Kama-clay by Mr. 'l1heobald (see pag. 22) 
is erroneous and t~at instead of being at the top of the section, 
it is really at the bottom. It is useless to speculate any further 
on this prohlem which will only be solved by actual observation. 

'fhe group of Pac~fic types shows apparently the greatest fluc
tuations and its range . is Iarger than any of the groups here dis
tinguished, as it rises as high up as 33.28 % in the zone of 
P holas orientalis Gm.. w hile it sin ks to 9.52 0/0 in t~e zone of 
Cancellaria martiniana spec. nov. This state may be fairly antici
pated from what has heen said above about th is grollp. Tt is 
chiefly composed of Pelecypoda (80 0/0) anel as this class is appa
rently in a very unstable state, it can be expected that in the 
different horizons it is represented by a varying number of species. 

'fhe small group of Mediterranean types which occurs only in 
two horizons caUs for no further remark. 

lf we now summarize these results which has been done in the 
table pag. 91 we see that notwithstanding the considerahle differences 
exhibited by the different groups in the above nine horizons, the 
total of the Palaeogene species exhibits a comparatively smaU range 
of variation in five horizons, where it fluctuates between 64.26 0/0 
and 74.88 0/0; the zones of Aricia kumerosa Sow. and Mytilus 
nicobaricu8 Chemn. havc rather a Iow percentage with 61. 44 0/0 
and 61.6 % respectively, while the zone of Meiocardt·a metavul
garis spec. nov. has an abnormally high percentage with 80 0/0. 

lf we now turn to the Neof/f:ne species we see that the first 
group, the Identical species shows great fluctuations; in the zone 
of Mylilus nicoban·cus Chemn. it is highest with 24.4 % and in 
the zone of JYJeiocard1·a metavulgaris spec. nov. which is only 300 
feet lower it reaches with 8.0 0/0 its minimum, but rises again 
in the still older zone of Paracyathus caentleus Dun. to 14.0 0/0. 

The group of 8ubidentical species is subject to the same fluc
tuations, but it appears that a sort of compensating influence makes 
itself evident in such a way that in whatever horizon the 11 ul1lher 
of identical species is small, the number of subidentical species is 
high and vice ver&'t. The sum of both groups is therefore al most 
the same in each horizon, or at least subject to a much smaller 
range of fluctuation than noticed in any of the other groups as 
wiU be seen from the following figurcs: 
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Zone of Aricia ltumerosa Sow .... . . . .......... 26.88 0
/

0 

Zone of P llOldS on'entalis Gmel. .. .... .... ..... 24.96 0
/

0 

Zone of Parallelipipedu1ll prototortuosll?ll spee. nov. 21. DO 0/0 

Zone of Area theobaldi spec. nov. . . . . . . . . . . . . . 30.08 0/0 

Zone of Paracyathus eaeruleus Dune . . . . ....... . 28.00 °10 
Zone of Caneellaria martinimza spee. nov . . . . .... 26.18 0

/
0 

Zone of Meioeardia metavulgaris spec. nov .. . . . .. 20.00 0
/

0 

Zone of Mj; tilus nieobaricU8 Chemn.. . . . . . . . . . . . 26.40 0/0 
We see, that only the two zones of Meioeardia metavulgan's 

spec. nov. and Area tlteobaldi spee. nov. exhibit a larger rlevi
ation, the former being in defect the other in excess, yet the zone 
of Meioem'dia metavulgaris is unquestionably mllch younger than 
that of Area theobaldi spee. nov. 

The last group of Àvolutionary species eaUs for no special re
marks except t.hat the frequency of species belonging to this group 
appears to be independent of the geologieal horizon . 

'rbe group of species not classified ean of course not be dis
cussed, because if better prei"erved, the species it contains would 
eome under any of the other tbree groups. 

If we enter the figures eontained in table pag. 86 in a diagram, 
arranged in tbe same way as that on pag. 77 some more interes
ting fa cts are exhibited which are not so obviously shown by the 
mere figures . 
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those having a strongly marked bulging out of .the right hand part 
of the curve and those in which that part is almQst flat. 

'fo the first group belong : 

l. Tbe zone of Phola8 orientalis Gmei. 
2. The zone of Parallelipipedum prototortu08Urtl spec. nov. 
3. 'fhe zone of Meioeardia 1lletavulgari8 spec. nov. 
4. The zone of Mytilus nieobarieus Chemn. 

To the secon~ group belong: 

l. 'fhe zone of Aricia humerosa Sow. spec. 
2. The zone of Area theobaldi spec. nov. 
3. The zone of Paraeyathus eaeruleu8 Dunc. 
4 . 'fhe zone of Caneellaria rnartiniana spec. nov. 

Now if we compare these diagrams with those on pag. 77 we see 
that the first group is similar to the curve of composition shown 
by the Pelecypoda and the second one to th at of the Gastropoda. 
We may therefore conclude that in the first diagrams a large num
ber of pacific types of Pelecypoda occur, which are absent in thc 
second group of diagrams. It is unnecessary to prove this by figu
res as a reference to the lists No. 1 to 8 wiU show the correct~ 
ness of this statement. 

The most important fact is however the proof that the · eompo
siNon of the fauna is entirely independent on its geologieal p08ition,· 
there can be no more different curves of composition tban those 
of the zone of .. Parallelipipedum p1·ototortu08U'lJl spec. nov. and 
Area theobaldi spec. nov. and yet it is very probable that both 
horizons are separated only by a small thickness of beds. The 
same applies to the zones of Meiocardia metavulgari8 spec. nov. 
and Mytilu8 nieobarieus Chemn. 

In conclusion I have in the following table given the total per
centage of the palaeogene and neogene specIes. 

Zone of 
Zone of Zone of 

Zone of 
Zone of :lone of Zone of Paralleli· Zone of Meioear-
0!Jtherea AriGia Ph o las pip. Area Paracy · Cancella· dia 
er!JGina hU1IIerosa orientalis prototortu· llteobaldi. atltU8 na metavul· 
Fav. Sow. spec. Gmel. eaeruleus marliniana garis I oswn spec. nov . 

Dunc. spec. nov. spec . nov. spec. nov. 

Palaeogene 39.99.% 161.4 ~ % 7488% 170.QO% 60.2S % 67.20% 64.26 °10 80 .00% 
species. 

Zone of 
MytilU8 

nieoóari-
elt8 

Chemn. 

61.60% 

Neogene 
59.98% 38.42 °10 24-.96% 29 .75% 139.48% 33.60 °10 35.70% 20.00 0

/ oi 39 .20% species. 
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It will he seen that in every in stance the percentage of Palae
ogene species is considerably in excess of that of the Neogene 
species 1), by being generally about double the number of the 
neogene ones, but in a few instances even foW' times their num
ber. Tt is evident that the proportion of Palaeogene and Neogene 
species varies a good deal in the different horizons, the zone of 
ParallelipipedulIl prototortu08um only exhibiting the average figu
res. We may further conclude that the proportion of "extinct" 
to "recent" species, to use this term, is rather an uncertain factor, 
when solely used for the determination of &ge. According to this 
principle the zone of Meioea;dia metavulgari8 spec. nov. containing 
the smallest number of "recent" species ought to be the oldest 
and the zone of Area theobaldi spec. nov. containing the lar
gest number of "recent" species ought to · be the youngest, yet if 
one fact seems certain it is that the zone of Area theobaldi spec. 
nov. is much older than that of Meioeardz·a lIletavulgaris spec. nov. 
We arrive therefore at the important result that unle88 8uplorted 
by 8tratigraphieal ob8ervation8 the Lyell-lJe/1haye8 rule for aseer
taining the age of l'ertiary beds is of problematie value. 

Even if we were to add the number of Pacific types to that 
of the Neogene species, in order to bring the figW'es more in 
harmony with those of Deshayes, their value would be a very un
certain one as seen from the following tabie: 

Percentage of 
Neogene species + Pacific types. 

1. Zone of Aricia humer08a Sow. spec. . . . . . . . . . 49.94 0/0 
2. Zone of P ho las orientali8 Gmel. . . . . . . . . . . .. 58.24 0/0 
3. Zone of P arallelipipedum prototortuo8um spec. nov. 57.75 0/0 
4. Zone of Area theobaldi spec. nov .. : . . . . . . .. 50.76 0/0 
5. Zone of Paracyathu8 eaeruleU8 Dunc. . . . . . . .. 54.80

0
/ 0 

6. Zone of Caneellaria martiniana spec. nov . ... .. 45.22 o/~ 
7. Zone of Meioeardia rnetavulgari8 spec. nov ..... 48.00

0
/ 0 

8. Zone of MytilU8 nicobarieu8 Chemn. . . . . . . . .. 49.40
0

/ 0 

The older beds would therefore contain a hirger percentage of 
"recent" than the geologically younger ones and if any con'clusions 
were drawn from the fauna of a sirigle horizon, for instance that 
of Parallelipipedum prototortuo8um spec. nov. such conclusion would 
certainly be erroneous, 

We may · summarize the above facts in the t'ollowing way: 'fhe 
Lyell-Deshayes ruie for the determination of the age of Tertiary beds 
holds good only, when an average figure for a larger series has 
been obtained, provided it is supported by stratigraphical observations. 

') The zone of Cytherea erycina Fav. being omitted. 
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4. BIOLOGICAL AND BATHYME'rRIC CHARACTER 
OF THE FAUNA OFTHE 

YENANGYOUNGIAN AND PROMEIAN. 

A. Compari80n with the Fauna of the Miocene of Java and the 
Gajian of We8tern India. 

I described and determined 208 speCies which · represent the 
following classes. 

Number Percents of 
of species. total Fauna. 

Antltozoa. 4 1. 92 0/0 

Eckinoidea. 3 1 .44% 

Pelecypoda. 85 40.80% 

Ga8tropoda. 96 46.08% 

OnUJtacea. fi 2.68 % 

Pisces. 10 4.80 % 

Reptilia. S 1.44% 

Mammalia. 1 0.48% 

The Vertebrata, exclusive of 4 species of Squalidae, have so far 
only been found in the Promeian, while the remainder of the fauna 
occurs in the Yenang!Joungian, and it is chiefly this fauna on 
which we can base any conclusions having a certain amount of 
probability, and unless stated otherwise, the following remarh 
refer to the fauna of the Yenang!Joungian only. :From the above 
figures it cau be seen, th at the Pelecypoda and Gastropoda occur 
in such n Ull1 bers that the other classes al most completely disappear; 
the character of the fauna is therefore chiefly moulded by the 
Pelecypoda and Gastropoda; 

The Rmall number of Anthozoa and Echinoidea is very reniark
able; according to Duncan and Sladen 1) the Gajian of Sind has 
yielded: 

Anthozoa 41 species. 
Echinoidea 27 species. 

The Miocene of Java has yielded according to Martin 2). 

Anthozoa 36 species = 11. 73 0/0 of the fauna. 
Echinoidea 19" 6.19 0/0" " 

1) DUUCllll & Sladen Tertiary & Cretaceons Fauna of Western India. Palacontologia. 
lndica Scr. VII & X VI. 1880/86. 

') Tertiärschichten anf Java. General part 28. 



THE MIOCENE OF BURMA. 95 

Unfortunately t·he · :Fauna of the Gajian is so little known yet 
that the number of Anthozoa and Echinoidea cannot be expressed 
in percents in order to allow for a better comparison with the 
figures obtained for the fauna of the Yenang!/oun/;t"an, and the 
Miocene of Java, yet I can confidently say th at the percentage of 
the total fauna will not be expressed by such a low figure as 
obtained for the Yenang!l0unIJian, thongh it may perhaps be higher 
than that of Java. 

There are only two ways of accounting for this scarcity of 
Anthozoa and Echinoidea in the Yenang!l0ungian. Either the horizon 
in which these classes occ~r more plentiful has not been discovered 
yet, or if not restricted to a certain horizon the Yenang!l0ungian 
is developed in a different facies which was not favourable to the 
existence of such a large number of Anthozoa and Echinoidea a..<; 

occuring in Java and Western India. 
We sha11 presently see (pag. 59) that there are several circum

stances in favour of the first view. Professor Martin enumerates a 
number of species, among w hich there are several Anthozoa and 
Echinoidea from the Miocene of Java as common to the Gajian in 
Western India. None of these species have been found in Burma 
and the propability that they represent a horizon which if present 
has not been found yet is by no means small. 

On the ot.her hand the theory of a different facial development 
cannot be put aside without further com:ideratioll. ·We sha11 pre
sently see that the character of the fauna of the Ye'llang!/oungian 
is distinctly littoral, no co ral reefs having been discovered yet. On 
the other hand it seems almost certain that the majority of the 
Anthozoa and Echinoidea from Western ] ndia came from coral 
reefs while the same probably applies also to Java (vide Kora11en
kalke Martin, Tertiär. auf Java. General part. pag. 4). 

But we may perhaps combine both views and suppose that tbe 
equivalent of tbe lower part of the PeIJu-division, which is repre- · 
sented by tbe unfossiliferous Pro1Jle'ian, contains in Java and Wes
tern India coral reefs. This theory is however by no means sup
ported by palaeontological evidence, because some of the species 
which Prof. Martin mentions, in addition to the Anthozoa and 
Echinoidea, occnr in Baluchistan accorrling to my own observations 
high up in the series of the Gajian. We sha11 see further on tbat 
another observation, Mr. Theobald's find of a P8eudodiadema spec. 
in the upper part of the Pegu group, renders the theory that the 
Promeian is the estuarine facies of the marine Kora11enkalke of 
Java and the Lower Gajian of Western India very improbable. 
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'fhis is, however another point on which it is useless to speculate 
any further, as it can only be solved by future researches in the 
field, the direction which these researches will have to take being 
clearly indicated by the above arguments. 

The following table gives a comparison of the fauna of the Pegu 
Division, the :Fauna of the YenanglJoungian and the Miocene of 
Java in percents of the total nurnber. 

Pegu-Division . 
(Promeian + Y enangyoungian. Miocene of Java. 

Yenangyoungian) . 

Foramin~fera. nil. nil. 1. 95 % 

Anthozoa. 1.92 % 2.02% 11.73 °10 
EcTtinoidea_ 1.4't % 1. 51 % 6 .. 19 °10 
Brachiopoda. nil. nil. o .32 o/~ 

Pelecypoda. 40.80 % 42.92% 24 . 12 % 
Gastropoda. 46.08 % 48.48% 52.16% 

Cepltalopoda. nil. nil. 0.32% 

C1"'llstacea. 2.68% 3 . 03 °10 2.93% 

Pisces . 4.80 % 2.02% nil. 

Reptilia. 1.44% nil. nil. 
Mammalia. 0.48% nil. nil. 

It will be seen that, though differing ~omewhat in detail, the 
Miocene of Java shows the greatest similarity with the fauna of 
the YenanfllJoungian, by the preponderance of the Pelecypoda and 
Gastropoda. In the YenanglJoungian the percentage of Mollusca is 
91.4 %' while in Java it is some what smaller 76.1ti % only. 

The differenes chiefly consist in tbe greater percentage of An
thozoa, Echinoidea, tbe presence of Brachiopoda and Cepbalopoda 
all of which speak in favour of a coral-reef facies, while in the 
Miocene of Burma tbe occurence of Mammalia indicates perhaps 
an estuarine horizon. A similar horizon has however been sub
sequently discovered in Java 1). 

B. The bathymetric character of the Fauna of the 
Yenanl/lJoungian. 

'rhe vertical distrihution in connection with the character of 
the fauna proves that two different facies are represented in the 
Yenangyounl/ian viz . 

. ') Martin Tiefbohrungen auf Java pag. 324. 
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a. a purely marine facies 
b. an estuarine facies 

and if any conclusions are to be drawn with re gard to the bathy
metric conditions under which the Yenangyoungian has been depo
sited, these two facies have to be considered separately. 

a. The marine Facies. 

It appeal"S that the marine facies was formed under two diffe
rent conditions viz. in shallow water, characterized by the Ostrea-beds 
and in slightly deeper water, which however deed not exceed the 
depth of 25 meter. There mayalso be a third, the coralline facies, 
but its existence is purely conjectural fOf the present, and we can 
only deal with the first two. 

1. The shallow-water facies. Unfortunately no actual observa
tions are available with re gard to the occurrence of this facies, we 
even do not know the position it holds in the sequence of the 
series. In lower Burma it is apparently represented by Ostrea
beds, chiefly composed of Ostrea peguensis spec. nov. and Ostrea 
promen8Ïs spec. nov. Most probably these Ostrea-beds contained no 
othcr species, except perhaps the large Pecten protosenatorius spec. 
nov. As already said, nothing is known about their vertical position, 
we even do not know whether the two species characterize diffe
rent horizons or not, but it seems very probable to me that they 
occur above the zone of Arca theobaldi spec. nov., indicating 
the change which · is gradually preparing towards the top of the 
Yenangyoungian. The occurence of this facies in upper Burma 
has not been proved · yet, it. is certainly absent in all the sections 
I examined. 

2. The littoral facies. Strata belonging to this facies appeal' 
to constitute the larger portion of the Yenan!Jyoungian in lower, 
as weIl as in upper Burma, and it is chiefly this facies which 
contains the rich fossiliferous horizons. 

The fauna exhibits ho wever a peculiarity; with the exception of 
Pyrula pugilina, Pyrula bucephala and Pyrula pseudobucephala spec. · 
nov. all species examined are of small size, showing a delicate 
ornamentation. Strong, robust species are entirely absent. A further 
characteristic feature is the frequency of single corals like Cerato
trochus alcoclcianus spec. nov. Paracyathus caeruleus Dunk. or of 
genera like Nucula, L eda, Dentaliu1Jl and Basilissa, which generally 
inhabit deep water. On the other hand this element of the deeper 
regions is fully counteracted by genera which habitually frequent 
the shallow water. 
Verhand. Kon. Akad. v. Wetenseh. (2' Sectie). Dl. VIL B 7 
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If we go through the lists of fossils as given on pag 44 we 
see that whatever species occm, there are always some genera 
which do not go beyond a depth of 25 meter and we must 
therefore assume, th at none of the bcds was deposited in a great
cr depth. 

The following table pag. 99 shows the character of the fauna 
of each horizon; in the left hand part the · actual numbers of spe
cies are given, in the right hand part the percents by which each 
class is represented in the total of the fauna. 

These figures prove th at thongh varying considerably in detail, 
the general character of the fauna as represented by the differellt 
fossiliferous horizons 1) is very much the same. In all horizons 
the Pelecypoda arid Gastropoda are greatly in excess of the other 
classes. It may happen th at in some instances the Pelecypoda are 
greatly in the majority (zone of Parallelipipedu1lt prototortuosum 
spec. nov.) while in others the reverse takes place (zone of Area 
theobaldi spec. nov.) but if the two classes are added up the 
total is much the same in each horizon. 

We can therefore conclude that all the fossiliferous horizons 
from the deepest up to the highest, were deposited undcr much 
the same coriditions in water which not exceeded 25 meter in 
depth, on a sandy shore. Now as we know, that at least during 
the lower half of a series measnring about 2500 feet in thickness, 
fossiliferous . horizons of the same character are distributed from 
the bottom to the top, we must conclude that the Yenall!!youngian 
represented a period of, perhaps, rapid subsidence. This theory 
fully accounts for the quick change, indicated by the differently 
composed faun as of the sncceeding horiwns. 

b. The estuarine Facies. 

As far as I know this facies is only developed in upper Rurma, 
and unknown in lower Burma which of course, does not prove its 
nonexistenee in that part of the country. rrhe estuarine facies is 
characterized by unfossiliferous beds containing gypsum. Only here 
and there Qrrena-marls occur, in which Gyrena petrolei N oetl. and 
Cyrena erawfurdi Noetl. are found in patches. The zonc of Gardita 
tjida?Jlaren8is Mart. from Singu represents probably th is facies too, 

') Of course horizons like that of Dione dubiosa Noetl. containing only a few spe
cies cannot be compared with those containing a largel' number, or a totally wrong 
conclusion would be arrived at. 
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though th is is not q uite certain. 'llle estuarine facies must 
have been formed under similar conditions as prevail at pre
sent in the large estuarines of the Ganges-Brahmaputra or Irra
waddi. 

C. The bathY1iletric character of the Fauna of the Promeian. 

Only one fossiliferous horizon has so far heen discovered in the 
Promeian, the zone of AnoplotheriurJl birmanicum spec. nov., which 
has been found 150 feet from the top of the Promeian in the 
Yenangyoung oilfield. The composition of its fauna is very pecu
liar, and completely differs from any of the faun as known from the 
Yenang!l0ungian, as can be seen from the followingfigures. 

ActUll.l number in percents. 

Anthozoa. 1 7.7 % 

Echinoidea. 
Pelecypoda. 5 38.5 % 
Gastropoda. 
Crustacea. 
Pisces. 3 23.1 0/0 
Reptilia. 3 23.1 % 
Mammalia. 1 7.7% 

Taking it as a whole we have a mixture of purely marine 
organisms with terrestric animals represented by the mammalia. 
fl'he marine species are exactly the same as those occuring in the 
younger zones, thus proving their close palaeontological connection, 
but the Mammalia and Reptilia represent an absolutely foreign 
element. Most of the species are represented by fragments of 
bones only, most of them rolled and worn, but others are 
exceedingly weU prescrved, hardly showing any signs of wear and 
tear. Now how are we to account for this terrestric element 
among a fauna which could not have possibly existed in any but 
purely marine water? 

The easiest explanation is of course to attribute an estuarine 
origin to the beds in which this zone occurs, assuming that the 
fragments of terrestric animals were carried out to sea by rivel"S. 
fl'he character of the invertebrata is however decidedly against such 
a theory. Corals cannot exist anywhere in brackish water. 

Now Fuchs 1) has shown, that far from the coast at great depths 

1) Neues Jahrb. f. Min. Geol. and Petref. 1883 Beilage Band II pag. 498-99. 
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terrestrie plants and fragments of terrestrie animals havebeel1 
found by the Challenger expedition and others. Terrestrie remams 
ean therefore oeeur in purely , marine sediments not only in sueh 
of estuarine or fluviatile origin. 

We must therefore claim a marine origin for the zone of Ano
plotherium birlllanicum spee. nov., and probably one of deep water 
into whieh the terrestrie remains were aeeidentally dropped. 

Whether ft similarly eomposed fauna oeeurs in the lower beds 
of the Promez'an remains to be seen, the sections from the bore 
holes in Upper Burma having so far proved unfossiliferous and no 
observations regarding fossiliferous beds from the series below Mr. 
rrheobald's Cytherea pro1Jlen8Ïs bed (= zone of Oytherea erycina 
Fav.) are known from lower Burma. The probability is however 
in favour of a terrestrie fauna, if any fossiliferous horizons 
wiU ever be discovered. One faet remains however eertain, the 
transport of terrestrie remains eeased with the termination of the 
Promeian. To sum up; I think that the zone of Anoplotherium 
birrnanicum spee. nov. whieh concludes the Prorneian foresha
dows by its marine organisms the eonditions, we meet in the 
Yenangyoungian, yet at the same time indieates the conditions 
which prevailed during the formation of the Prorneian. So far we 
know very little about the latter eonditions, but the oeeurrence of 
eoal seams and petroliferous beds shows that tbe Promeian was 
probably formed in an extensive Estuarine into whieh rivers brought 
a great quantity of vegetabilic and animal remains. 

5. COMPARISON OF 'l'HE FAUNA OF THE PEGU DIVISION 
WITH rrHE FAUNA OF THE MIOCENE IN EUROPE, 

THE GA.JIAN OF WESTERN INDIA, THE MIOCENE OF 
JAVA, AND 'l'HE FAUNA O:P THE INDIAN OCEAN. 

A. The Fauna of the Yenan!lyoun!lian. 

a. Comparison witlt the Miocene Fauna of Europe and the fauna 
of the Indian Ocean. 

The determination of the fauna soon proved that there was not 
a single species in eommon with thc Mioeene formation of Europe. 
'l'here exists a eertain relationship with the fauna of the European 
Eocene, whieh has already been diseussed, (see pag. 64) but though 
sueh a relation is undeniably existing no species are are aetually 
in eommon. We may therefore eouclude that during the Mioeene 
period the Indian province of the oeean was already weU separated 
from that of Europe. 
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A similar conclusion has already heen arrived at with regard 
to the fauna of the Miocene from Java by Professor Martin, who 
proved that it shares not a single species with the Miocene of 
Europe 1). 

On the other hand the fauna of the Yenangyoungian hears a 
close relationship to the presen t fauna of the Indian ocean; 30 0/0 
of the species described are either identical, or so closely related 
with species inhabiting the Indian ocean, that they might be con
sidered as identical. Iu several instanees, aggregating to 15.12 0/0 
of the total number of Mollusca, the Miocene species could be 
proved to be the direct ancestors of species inhabiting the Indian 
ocean. If we thercfore assume that a pa.rt of the fauna of the 
Indian ocean has directly descended from the Miocene fauna of 
India and Burma, this theory is weIl supported by facts. 

Professor Martin has co me to the same cOllclusion with regard 
to the fauna of the Miocene of Java. He writes as follows: 2) 
"so dass del' Character der miocänen Fauna Javas nicht nur mit 
dem der indopacifischen übereinstimmt, sondern speciell die nächste 
Verwandtschaft ZUl' Fauna desjenigen Meeres zeigt, welches noch 
heute die Küste Javas umspült". Now it wiII be admitted that 
if two different authors, at different times and by different ways, 
arrive at the same result with regard to the fauna of a certain 
period, such result is very possibly correct. We may therefore say 
th at at least a part of the present fauna of the Indian oceun bears 
an archaie character, and is directly derived from the Miocene 
fauna occuring in India.-Burllla, Sumatra and Java. 

On the other hand, a theory which I think was first promul
gated by Jenkins 3) and which has since been accepted in all 
manuals, assumes that the fauna of the European Miocene is closely 
related to the fauna of the Indian ocean . In the light of the 
present researches it is not easy to reconcile this theory with my 
own, if we keep in mind that the Yenangyoungian has not a 
single species in common with the European Miocene. . It niight 
be argued that if the fauna of the European Miocene is closely 
related to that of the Indian oceau, we should necessarily expect 
European Miocene species arnong the fauna of the Yenangyoungian 
becanse this fauna bears unquestionably the strongest relationship 
to the fauna of the Indian ocean. No such species have however 

1) Tiefbobrungen auf Java pag. 355. 
' ) Tertiärschichten auf Java General. part. 39. 
') Quart. Journ. Geolog. Soc. of London 1864 vol. XX pag. 63. 
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been found, but how is then the relationship of the European 
Miocene fauna and that of the Indian ocean to be eXplained? 

I think the following theory which accounts for such a relation
ship without interfering w ith the view that at least a part of the 
fauna of the Indian ocean is an indigenous one, will solve the 
difficulty. Several observations tend to prove that the present 
fauna of the Indian ocean contains a foreign element, which is 
apparently not represcnted in the fauna of the local Miocene. Tbe 
exarnination of the Miocene species of tbe genus Ostrea has Ull

questionably proved that none of them has the slightest relationship 
with those, inhabiting tbe Indian ocean. In fact tbese species repre
sent a different element which must necessarily have migrated to 
its present habitat from somewhere else; I think such instanees 
will in crease , once the Miocene fauna of India is better known. 

We know, however, on the other hand tb at the fauna of the 
Yenangyoungian bears a remarkable relationship to the fauna of 
the Eocene of France, a relationship which can only be explained 
by a migration from V\T est towards East, whicb probably begun 
with the Eocene time. I have further proved that tbere is a good 
deal of evidence to show that a further migration took place sin ce 
the Miocene time from Burma towards the Pacific regions. Now 
if we assume with Jenkins that tbe migration continued during 
tbe Miocene time from Europe towards India, without any 
actual cornmunication existing between the Miocene sea of Europe 
and that of India, the fauna of the European Miocene would stand 
in the same relation to the fauna of the Indian ocean, as the 
fauna of the Miocene of Burma stands to the recent fauna of 
China, Japan and the Philippines. 

'l'his view wiU perhaps be best illustrated by the following 
diagram. 

Europe. India-Burma. Western Pacific_ 

Recent. B ' C AU 

B/ bA'/'/" Miocene. 

Eocene. 
A __________ 

Let Arepresent any number of species occuring in the Eocene 
of Europe; during their migration towards East this group became 
moelified and is represented by the species A ' in tbe Miocene of 
India-Burma, anel by the still further modified species AU among 
the recent fauna of China, Japan anel the Philippines. B represents 
any number of species from tbe European Miocene whieh during 
the migration towards East slowly cbanged, anel are represented 
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by B' in the present fauna of the Indian ocean; C represents the 
number of species the fauna of the Miocene has in common with 
the fauna of the Indian oceaIl, in other words the indigenous ele
ment, while B ' represents the foreign element. The fauna of the 
Indian ocean is therefore represented by the symbol B' C while 
th at of the Miocene of Inrlia-Burma is represented by the symbol 
A' C and though both faun as are intimately connected by the 
species in common C, each has its own characters in AI and B' 
of which B ' cannot possibly occur in the fauna A' C, though it 
is hy no means impossible that a modified A' may occur in the 
fauna B ' C. 

In other words, while it is irppossible that the Miocene fauna 
of Europe is represented among the Miocene fauna of India-Burma, 
it is quite possible that it occurs in a modified way among the 
present fauna of the Indian ocean, which to an other part is the 
direct descendent of the local Miocene fauna. 

It is only by this theory of migration from West to East which 
commenced probably with the Eocene and lasted throughout the 
Miocene that the relationship of the fauna of the Indian ocean, 
both with the Miocene of Europe and of India-Burma, without 
there being a single species in common, can be explained. This 
theory could easily be verified, if the fauna of the European 
Miocene will be examined in a similar way, as that of the Miocene 
of Burma. 

b. Colllparison with the Fauna of the Gaj1'an of Western India. 

'l'he relationship of the fauna of the Yenang!/oungian with that 
of the Gajian or the Miocene of Western India remains now to 
be examined. It must however be kept in mind that with re gard 
to the fauna of the Gajian the results of such a comparison will 
be much less conclusive, than those with regard to the Miocene of 
Java, its fauna being very little known. If at present only a 
slllall number of species ean be proved to be comman ta tbc 
Yenan!!!/oun!lian and Gajian, this number wiU perhaps be increased 
af ter the fauna of the latter is better known. 

Tbe following table contains the species which have been faund 
to be identical with such from the Gajian, showing at the same 
time their geological occurence in Burma. 
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1. Arca bUrMsi d' Arch. & Haime. 
* 

2. /I peethensis d' Arch. & Haime. 
* * 

3 . Oardita viquesneli d'Arch. & Haime. * * 
4. /I cf. mutabilis d' Arch. & Haime. * * 
5 . Venus granosa Sow. 

6. Corbula rugosa Saw. * * 
7. Solarium maximum Phil. * * * * * * 
8. Natica callosa Sow. 

9 . /I obscura Saw. 

10. 0!lJYl'aea gmnti d' Arch. & Haime. 

11 . Aricia ltumerosa Low. spec. 

12. Cassis d' arcltiaci N oet!. = Oassidaria cari

nata d'Arch. & Haime. 

13. Ranella prototubercularis spec. nov. = Ranella 

viperina d'Arch. & Haime. 

14. Fasciolaria nodulosa Sow. 

15. Murex ichiltaiche./fi d' Arch. & Haime . 

1 f) . Voluta dentata Saw. 

17 . Cancellaria davidsoni d' Arch. & Haime. 

18 . Strioierebrum protonugaros spec. nov. = Tere

bra reticulata Saw . 

19. Conus literatus Lin. - Conus b?'cvis Saw . 

20. Balanus tintinnalmlum Lin. = Balanus sub

lacvis Sow. 

* * * * 
* * * * * 

* 

* * 

- - - -

- 1-

* 

* 

=1= 
I 

* 

* 

* * 
* * 
* * * 

* 

* * 
* * 
* 
* * 
* * 

* * * 

Considering the limited vertical range the fossils have in Burma, 
we may conclude from thc abovc list that all the main fossiliferous 
horizons, as observed In Burma, are also represented in the Gajian, 
but until the vertical distribution of the fossiliferous horizons In 

this group IS better known than at present, it would be too rash 
to form any conc1usions. 

A more remarkable feature still, IS the composition of the above 
list; though all the groups distinguished on pag. 90 are represen-

* 

* 

* 
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ted, the Gastropoda are in a much lal'ger number than the Pelp.cy
poda, the proportion being 2.16: 1 while in the fauna of the 
Yenangyoungian the same proportion is l.13 : 1. If therefore the 
same proportion were to exist among tbe species the Yenangyoun
gian has in commOll with tbe Gajian, the Ilumber of Pelecypoda 
ought to be 11 instend of 6. 'rbis preponderance of Gastropoda 
is a fa ct which Call1lot be accounted for at present. Aftel' I had 
found it out I carefully revised my dcterminations in order to 
see, whether 'I was wrong or not, but I discovered no reason why 
I should alter my views. It remains to be seen, however, whether 
this remarkable feature really exists, or is only an apparent one, 
because Sowerby and Archiac described only a small number of 
Pelecypoda in proportion to the actual number occuring. 

c. Gomparison with the Fauna of the Mioeene of Java. 

The following list shows the species in common with the Mio
cene of Java. 1) 

'fhis list contains only 28 speCies, some of which appear rather 
doubtful, that is to say I am not certain as to tbeir identity, 
yet it does not seem probable that this number wiIl be greatly 
increased. 'fhe fauna of the Miocene of Java is now so weIl known 
by the researches of Professor Martin that unless other fossiliferous 
horizons are discovered in Burma, which contain a larger number 
of species in COlllmon with Java, the results arrived at, by my 
examination wiU be fairly reliable. 

The majority of the above 'named species occurs in the zones 
of Parallelipipedu1il prototortu08ztiJl spec. nov. and Area theobaldi 
spec. nov. but we see, that the other horizons are also weIl repre
sented, and if we consider the limited vertical range of thc species 
as obsened in Burma, which did not alloweven for a correlation 
of the different horizons in Burrna itself, it is obvious that any 
attempt to tra ce in Java the horizons distinguished by me, would 
be more than hazardous. All we can say is, th at taken as a whole 
the Yenangyoung~'an is correlated to the Miocene of Java, or at 
least part of it. 

It seems that in the Miocene of Java certain beds are developed 
which either do not exist in Burma or have not been discovered 
yet. On pag. 26 general part. 'fert. auf Java Prof. Martin men
tions the following species as identical with the Gaj~·an. 

') See pag. 107. 
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1. Flabellum distinclum Milne Edw. 

2 . Arca nannodes K. Martin. 

3. 11 oataviana K. Martin. 

4. 11 tltayetensis spee. nov . = Arca rus-

tica K . . Mart. (?). 
5. Leda virgo K. Martin. 

6. Oardita ijidamarensis K. Martin. 

7. Dione protolilacina spee. nov. = Oytherea 

lilacina K. Martin. 

8. Corbula socialis K. Martin. 
* * * 

* * 
9. Dentali'llm junghulmi K. Martin. - - - * 

10. Solarium maximum Phi!. = Solarium per-

specticum K. Martin. - - - * 
11. Scalaria óirlltanica Noet!. = Scala1ia sam-

a,rangana K. Martin (?). 
12. Turritella 8i1l1ple.c lenk . 
13. 11 acuticminata Dunk. 

H ·. Vermetus javan/ls K. Martin. 

15. Ranella prototubercularis spec. nov. -
Ranella tubercllla1i8 K. Martin. 

16 . 11 elegans Beek. 

17. Trivia smithi K. Martin. 

18. }1usus veróecki K. Martin. 

19 . Pyrula lJltcephala Lam. 

20 . Oliva ru/ula Duel. 

21. Ancillaria cf. Ver1ledci Sow. 
22. Striolerem-u1n óicinctum K. Martin. 

23. Tereórll1n protodllplicatum spec. nov. _ 

l'ereóra óand.all!Jensis K. Martin (?). 

2 ·l . Tereórurn smithi K. Martin. 

25. Drillia protointerrupta spec. nov . = 

Pleurotorna interrupta K. Martin. 

26. Ringicula turrita K. Martin. 

27. Balanus tintinnabulum Linn. 

* 
* 

* 

* 
* * * 

* 

* * 
* * * 

=1= 
- * 

* * - * 
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l. . Turritella angulata Sow. (?) 9 . Balanus tintinnabulum Lin. 
2. Bulla javana K. Mart. (?) 10. I! amary llis Darw. 
3. &ptaria arenaria Lam. 11 . Pkyllacantkus oaculosa Ag.(?) 
4. Corbula trigo1Udis Sow. 12. Clypeaster kumilis Ag. 
5. Clementia papyracea Gray. liL Eckinolampas oviformis Ag. 
6. Q!!therea ventriClila Mart. (?) 14 . Breynia magna Mart. 
7. Ostrea kyotis Lin. 15. Maritia planulata Gray . 
8. I! lingua Sow. 

None of these species have been known from Burma ex cept 
l'urritella angulata Sow. and · Balanus tintinnabulum Lin; the exact 
horizon of the former species is not known and the latter has 
apparently a wide vertical and horizontal range; Phyllaeanthus 
baeulosa Ag. may perhaps he identical with the species here des
eribed as Cidarz's 8pee., yet the . identification of these species 
with· those observed in Western India is not beyond any doubt, as 
expressed by the querry, except that of Balanus tintinnabulum. 

It appears therefore that in the Miocene of Java a number of 
species occur, which though identical with species from Western 
India, have not been found in Burma. 'rhe great question now 
arises, do these species represent a eertain horizon or not? At pre
sent tbis question cannot he answered decisively one way or other, 
yet there seems to be quite a distinct hint as to its solntion, 
particularly if we further consider Martin's list of species from 
Western India, which aceording to tbis author, though not quite 
identical with Java fossils, are very closely related to thelll. 

Among the second list Viearya verneuili d' Arch. & Haime is 
mentioned; now tbis species oeeurs in Raluchistan together with 
l!urritella angulata Sow. and Ostrea lingua Sow. very high up in 
the series, directly below the Siwaliks, though the thickness of beds 
in which these species oceur, is considerable. Tt is unquestionable 
that this horizon is not represented among those I mentioned 
here, though it is probably represented in lower Rurma hy 
the occurence of lurritella angulata Sow. the exact stratigra
phical position of which is unfortunately not known. The greatest 
probability is in favour of the view, that this horizon oeeurs above 
the zone of Area theoba ldi spec. nov. somewhere in the series 
ealled 'rhayetmyo sandstone.. If this view be correct, a part of 
Martin's species would represent beds which could be correlated to 
the upper part of the Yenangyoungian from which no fossiliferous 
horizons are known yet, though they may be discovered in future . 

Another feature of Martin's list is also remarkable; in his first 
list five species of Echinoidea are mentioned, that is to say the 
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Echinoidea make 33 0/0 of the total number of fossils identical 
with such from tbe Gajian. Now in the total number of fossils 
described from the Yenangyoungian the Echinoidea from such an 
insignificant number that their absence forms one of the most 
conspicous features. Unfortunately nothing is known as to the 
vertical distrihution of the Echinoidea of the Gajian, and I am 
therefore not in the position to say wether the occurence of the 
Echinoidea in the Gajian represents a facies not developed in 
Burma, or forms the characteristic features of a horizon which 
does not occur in Burma. These view holds also good with regard. 
to Java, and the reason why a good numher of species which the 
Miocelle of Java has in common with the Gajian, do not occur 
in Burma, may either he the non-development of the same facies, 
or the non-occurence of the same horizon. 

A hint to the solution of this prohlem is perbaps given by Mr. 
Theohald's find of Echinoidea, particularly Pseudodiadema spec. in 
heds which he declares to occur in tbe upper part of the Pegu 
group 1). If these are the same specimens which are among Mr. 
'fheobald's collection, they must have heen labelled wrongly, hecausc 
they were stated to come from Eocene beds. The specimens are 
however too ill preserved to allow for any definite view, yet the 
probahility that this Echinoid.-horizon represents the facies of 
which I have just heen speaking is by no means small, and its 
occurence in the upper part of the Yenangyoungian would fully 
ag ree witb the opinion resulting from the occurence of species like 
'l'urritella angulata Sow. and Vicar,1/a verneuili. Future researches 
wiU certainly shed light on tb is question. 

If we examine the composition of tbe fauna, tbe Yenangyoungian 
has in comlllon with the Miocene of Java we observe almost the 
same proportion between Pelecypoda and Gastropoda, as noticed 
in the species in common with the Gajian. 'fhe proportion of 
Gastropoda to Pelecypoda is 2.57: 1 w hile, as we have seen, it 
ought to be 1.13 : l. 

The fact that the Gastropoda are so considerably in the majority 
of tbc species, the Yenangyoungian has in common both witb tbc 
Gajian and. the Miocene of Java, is certainly very remarkable. 'fhe 
only explanation I can offer is the theory of the great change tbe 
Pelecypoda underwent during Miocene time, while the Gastropoda 
remained more stahile. 'fhis theory would account for the smal! 

' ) Theobald, The Geology of Pegu. Mem. Geolog. Survey of India vol. X pag. Si. 
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number of identical Pelecypoda, as weil as for the large number 
of identical Gastropoda. 

If we now compare those species which we re found to be 
identical with the fauna of the Gajian, with those which are iden
tical with the Miocene from Java, we find that it is al most the 
same numher the Yenan!J!l0unf/ian has in common with both coun
tries, particularly if we take only tbe number of Mollusca in con- . 
sideration. Whether this similarity in number is only accidental, 
or really exists, I am unable to say. It might of course he expected 
that the Miocene of Burma, which is about half way between 
Java and Western India contains a certain number of species in 
common with either country, yet it would seem very remarkable 
if the number were almost the same in both cases. 

'rhe fact seems the more strange, because the species in common 
with the Miocene of Java are perfectly different from those in common 
with the Gajian. There seem to be only three species which the 
Miocene of Java has in common with the Yenan!J!loun!Jian and 
Gajian, t.hese are: 

Solarium maximum Phil. 
Ranella prototuberculari8 spec. nov. 
Balanu8 tintinnabulum Lin. 

The identity of the first two species, though undoubted with 
regnrd to the Yenan!J!l0un!Jian and Gajian is not beyond any 
question with regard to the Yenan!J!l0un!Jian and the Miocene of 
Java. I believe that the species described by me as Solarium 
maximum Phil. is probably identical with Solariulll per8pectivum 
K. Mart., and Ranella prototubercularis probably with Ranella 
jun!Jhuhni K. Martin, but I cannot state with certainty that this 
view is correct. If these species are not identical, Balanu8 tintin
nabulum Lin. would be the only species which is common to the 
Gajian the Yenan!J!l0un!Jian :md the Miocene of Java. 

We see therefore that. though in a general way we can correlate 
the Yenan!J!l0un!Jian to the Miocene of Java and to the Miocene 
of Western India (Gajian) we have no fossil evidence which would 
directly prove the correlation with the Miocene of Europe, and in 
order to obtain this end we must resort to a different argu
mentation 

B. 'lVte fauna of the Promeian. 

The small . number of Pelecypoda and Gastropoda hitherto ob
tained from this subdivision renders a correlation of course impos-
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sible, particularly as all the species are the same which occur In 

higher horizons. 
The Promeian represents lInq uestionably the Lower Miocene of 

Burma, but I am not in a position to state to which part of the 
Miocene of Java or the Grzjz'an it can be correlated; the probability 
that it represents an cstuarine facies which is not rleveloped in 
either Java or Western India is by no means sm all , but further 
stratigrnphical observations with regard to Java and Western India 
are required, hefore any definite opinion can be given. 

ü. DE'.FERMINA'l'ION OF 'fHE AGE OF THE YENANGYOUN
GIAN BY 'l'HE LYBLL-DESHAYES LAW OF PERCENTAGE. 

In a previous chapter I fixed the position of the beds from 
which the fauna here described has been obtained as younger than 
Eocene but oldel' than Pliocene. The stratigraphical probability 
that t.he Pegu-division represents the Miocene is therefore very 
great, but it remained to be seen whether this view is also horn 
out by the fauna, that is to say whether the percentage of spe
cies identical with recent. ones is the same, as that recognized fol' 
the Miocene of Europe. 

Sir Charles Lyell's subdivision of thc Tertiary formation into the 
three groups: Eocelle, Miocene and Pliocene 1) is chiefly based on 
the researches of Deshayes who aftel' a comparison of 3000 ter
tiary and 5000 recent species could prove a gradual increase in 
tbe nnmber of recent species from the Eocene towards the Pliocene; 
these figures which are for they 

Pliocene. 
Miocene. 
Eocene. 

35-50 alo 
17-25 alo 
3- 5 alo 

of recent specIes. 

" " 
" " 

have now been generally accepted, though at the time they did 
not remain unchallenged. They appeal' to represent the conditions 
in Europe fairly weIl, but the gl'eat question arises; do the same 
figures also apply to the 'l'ertiary formatioll outside the European 
Continent? 

A definite answer to this question is of course of vital impor
tance, if we wish to apply this rule to the rrertiary formation of 
Burma, anrl if we do not want to arrive at a totally wrong con
clusion. 

1) Principles of Geology lst Ed. vol. III Appendix, o.nd Manuo.l of Elementary 
Geology pag. 110. 
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Before entering into the discussion of the question, it seems to 
me of fundamental importanee to know the region from which the 
5000 recent species which served Deshayes as material for com
parison came from. Unfortunately 1 am not able to form any 
opinion on this very important subject, but I think I am not 
wrong, if I suppose that Deshayes collection of recent species was 
not soiely composed of species living in that oceanic region which 
is nearest to tbe countries, from whieb he obtained bis fossil spe
cimens, tbat is to say in the Lusitanian and Celtic provinces. 
I rather believe that he also, and in a goodly number too, compa
red the fossil species with recent species from the lndian ocean. 
1f this view be correct, the value of the above figures looses con
siderably in importance, because it does not appear justifiable to 
compare the fauna of a certain Tertiary series in a certain coun
try, with a recent fauna composed of elements collected all over 
the world. If the percentage of recent species is considered as a 
criterion, these species ought to be sucb, which occur in the 
nearest oceanic province. Deshayes' figures ought therefore to be 
revised from this point of view, and it may perhaps be questioned 
at once, whether in their present value they could be applied at 
all, when dealing with countries outside Europe. . 

vVe have se en above that the neogene species amount to 30 0/0 
of the total molluscan fauna. According to Desbayes' figures tbe 
Yenan!Jyoun!Jian could therefore not be ol der tban Miocene " on the 
other hand the species which I termed neogene, are probably not 
quite identical with Deshayes' "recent" species, in as much as they 
only Tefer to species from the nearest oceanic province, while Des
hayes "recent" species most probably include a number of species 
which have at present died out in the Lusitanian and Celtic pro
vin ces. These species would therefore be represented in the fauna 
of the Yenan!JyounlJian by the group which I termed Pacific types, 
and in order to bring tbe figures I arrived at, in harmony with 
those of Deshayes' their number with 18.6 % ought to be added 
to that of the neogene species . 

. The total . of "recent" species would thus be brought up to 
48.6 % and according to Deshayes' figures we had to consider the 
Yenan!Jyoungian as Pliocene. 

The results obtained, if solely the percentage of recent species is 
taken in consideration, are therefore widely different; if we compare 
the fauna of the YenanIJyounlJian with the fauna of the Indian 
ocean only, a Miocene age would be deduced, but if compared 
with the fauna of the Indian ocean and that of the Western part 
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of the Pacific, a Pliocene age wonld resnlt . One VieW only can 
however be the correct oue, and it l'emains to be seen which of 
the two has the greatest probability, by considering the stratigra
phical conditions. 

We . have seen tbat there is the greatest probability of an uncon
formity bet ween the Yenanf/!Joungian and the Irrawaddi-series; ill 
fact we may say it is almost certaill that such a break exists. 
Disregarding all other characters it wquld for this single reason be 
impossible, to consider both as part of one and the same series. 
It wonld be in opposition to every observation, if we were to 
consider the Yenanf/!J0unf/ian as the lower part of the Irrawaddi
series. If one fact is certain, it is that there exists a great diffe
ren ce between the Irrawaddi-series and the Yenanf/!J0unf/ian, fan
nistically, as weIl as lithologically. Now it is almost certain that 
the Irrawaddi-series represents the Pliocene, and if according to 
the higher figure of percentage the Yenanf/younf/ian had to be 
considered as Pliocene it wonld necessarily represent the Lower 
Pliocene and the Irrawaddi-series the Upper Pliocene, which as
sumption would mean a stratigraphical impossibility. 'rhe view of 
separating the Yenanf/!J0unf/ian from the Promeian and uniting it 
with the Irrawaddi-series, or to consider the whole of the Pegu
division as the lower part of the Irrawaddi-series would be so 
directly in opposition to the natural subdivision of the Tertiaries in 
Burma, that it would be absurd to adopt it solely on the strength 
of figures of problematical value. 

Nothwithstanding the high percentage of recent species in the 
lneaning of Deshayes, of 48.6 0/0, or in my more restricted meaning 
of 30 0/0 of neogene species, we cannot attribute any other but 
Miocene age to the Yenangyoungian and we have therefore to consider 
the Yenanf/youngian as Upper and the Promeian as Lower Miocene. 

Inversely we can conclude that in India and Burma the Miocene 
has a higher percentage of neogene or recent species than in 
Europe. Snch view was, if lamnot mistaken, firsthinted at by 
Jenkins 1) with regard to the Miocene of Java, and Professor Mar
tin 2) has come from a purely hypothetical point of view to the 
same conclusion which he expresses in the following words: "dass 
bei relativ gleichaltrigen Schichten Inditms einerseits, und Europas 
andrerseits, wir einen bei weitem höheren Procentsatz recenter 
Arten im indischen Tertiär antreffen werden, als im europäischen 

') Quarterly Journ. of Geolog. Soc. of London. i86 'l vol. XX. pag. 63. 
') Die Tertiiï.rschichten auf Java. General part. pag. 24. 

Verband. Kon. Akad. v. Wetenscb. (2< Sectie) . DL VII . B 8 
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und zwar muss der Unterschied grösser werden je jünger die 
Schichten sind, welche gleichzeitig hier wie dort abgesetzt wurden." 

The average percentage of Mollusca, which Professor Martin 
states the Miocene of Java has in common with the Indian ocean 
is 33 .5 0 I 0' but he thinks that for various reasons the figure ought 
to be 50 010' 'l'hough apparently obtained by a somewhat different 
reasoning, Professor Martins figures agree so weil with those ob
tained by me, that the similarity is really striking. 

I calculated the number of neogene species to be 30 alo of the 
total, but when the pacific types are included this tigure rises 
to 48.6 alo' 

Similar figures obtained hy different ullthors at different times 
must certainly possess a great degree · of probability, and we can 
therefore conclude that Deshayes' figures do not hold good for the 
'l'ertiaries in tropical countries. A new standard will have to he 
established, and for the Miocene of India-Burma and Java we may 
assume that the proportion is 30 0 lo of neogene species, or about 
50 0 I 0 when all " recent" species irrespective of their present hahitat 
are included . 

7. SUMMARY. 

Tbe mam facts arrived at in the foregoing chapters cau be 
briefty summarized as foilows: 

1. The vertical range of the fossils is a very short one only 
16 species occuring in more than four horizons, the vast majority 
being restricted to one or two horizons only. 

2. 'l'be fauna is composed of two classes which may he 
called Palaeogene and Neogene species; the former representing 
all sueh which have IlO connection with species occuring at present 
in the Indian ocean; the latter having relatives among that fauna. 
lf only the Mollusca are considered the Palaeogene species repre
sent 70 0 I 0 the Neogene species 30 0 loof the fauna. 

3. 'l'he Palaeogene species are composed of four different groups 
viz. Indigenous types 36.2 alo Gallic types 13.8 alo Pacific types 
18.6 Oio and Mediterranean types 1.2 alo of the Molluscan fauna. 

4. rl'he Neogene species are composed of three different groups 
viz. Idelltical species 11.4 % Suhidentical species 11 .4 alo Evolu
tionary species 4.8 0 loof the Molluscan fauna. 

5. The percentage of each of these seven groups varies con
siderably in the fauna of the different horizons, yet if taken as a 
whoie, Palaeogene and Neogene species remain fairly constant through
out the series. 
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6. . The fauna is almost exclusively composed of Pelecypoda 
and Gastropoda amoun"ting to 86.88 0/0 of the total of known 
speCIes. 

7 . 'rhe fauna of the .Lower Yenang!Joungian is purely marine 
and indicates a littoral facies, not existing in greater depth than 
25 meter. The fauna of the Upper Yenang!Joungian is probably 
estuarine througout. 

8. The fauna of tbe Promeian contains a cnrious mixture of 
marine and terrestric animals towards its top, but the Promeian 
as a whole is probably of estuarine origin. 

9. 1'here is not a single species in common with the Miocene 
of Europe. 

10. The fauna of the Yenang!Joungian contains 20 species, most 
of which are Gastropoda, in common with the Gajian of Western 
India, though this figure is probably smaller than the true 
amount. 

1 L. The fauna of the Yenan!J!Joungian contains 27. species, most 
of which are Gastropoda, in common with the Miocene of Java. 

12. Except perhaps one or two, none of these 47 species range 
from Java to Western India. 

13. There are indications that the Miocene of Java and the 
Gajian of Western India have a common coralline facies which is 
either not developed in Burma, or has not been discovered yet. 

14. Tbe Deshayes-Lyell' figures for the determination ofthe age 
of the Tertiary beds do not hoId good for India-Burllla, the figures 
being decidedly higher, and are for the Miocene 30 % of recent 
speCIes still occuring in the same region Ol' 50 0/0 if those extinct 
among the fauna of the Indian ocean, but occuring elsewhere in a 
recent state are included. (Neogene + Pacific + Mediterranean 
types). 

15. A migration of species from West towards East commen
ced with the Eocene and lasted up to quite recent times. rrhis 
migration accounts for the relationship the fauna of the Yenan
g!Jou'llflwn shows on one side with the Eocene of France, and on 
the other side with the recent fauna of the Western Pacific. It 
also accounts for the relationship of the fauna of the Miocene for
mation of Europe with that of the Indian ocean. Jenkins hypo
thesis has been confirmed, but the results arrived at from the 
examination of the fauna of the Yenang!Joungian, are in direct 
opposition with Dr. Semper's theory. 

16. It seems that the Pelecypoda chiefly represented the mi
gratory element, while the Gastropoda remained more stationary. 

B 8* 
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17. The fauna of the Miocene of Burma conÜ\ins30 % of 
speCIes which are the direct apcestors of such, living at present in 
the Indian ocean. 

18. The fauna of the Indian ocean, though in part descended 
from the loeal Miocene fauna, contains a foreign, probably European 
Miocene element. 

19. 'l'he YenangyounlJian must be considered as eq uivalen t to 
the Miocene of Europe, though its percentage of recent specif3s ~ s 
considerably higher than that of the European Miocene and corres
ponds more to the Pliocene of Europe. 

20. The history of the Miocene of Burma can therefore be 
sketched as follows: 

During the Eocene period a shallow sea existed in Burma; this 
sea was gradually filled up by the detritus of large rivers which 
also carried large quantities of vegeta,bilic and animal matter sea
wards; these gave birth to coal seams and petroleum deposits 
which we now find in the Promeian. Towards the end of . the 
P1'omeian a probably rapid subsidence took place, which was not 
perhaps without strnctural influence on the previously deposited strata. 
A marine fauna made its appearence, .yet the transport of terrestric 
remains did not quite stop, but finally ceases with the termination 
of the Promeian and a shallow sea in which a rich fauna thrives·, 
extends all over Bllrma. But itis an area of subsidence; a fauna 
exists only for a short time at a certain place; it soon di~s out 
and is replaced by an other one which has hardly one species in 
common with its predecessor. Contemporaneously with these marine 
beds, estuarine deposits are formed, probably indicating the mouth 
of large ri vers. The fauna as a w hole was in · a . state of trans
formation by which the Pelecypoda were chiefly affected; an im~ 
migration of a foreign, Europe~n of an older origin element 
lasted throughout the Miocene period. 

Towards the end of the Yenanfl!Joungian probably an increased 
influx of sweet water took place, the marine fauna disappears, 
though at a few localities it still sUl'vives in the shape of oyster 
beds, but these disappear too, and estuarine beds apparently con
clude the Miocene throughout Burma, We cannot quite say yet 
when the Miocene terminated, because it is . evident that at least 
in upper Burma part of it has been eroded. After . the terminatioIi 
of the Miocene, a large part of the Yenangyounflian was denuded, 
previous to the deposit of that vast thickness of strata, knowll as 
Siwaliks in India and Irrawaddi-Series in Burma. 

We are unable to say what became of the marine fauna during 
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tbe deposit of the lrrawaddi-series, because no marine equivalent 
of this series is known yet. We can ho wever positively say, that 
while the remarkable terrestric fàuna contained in these beds made 
its appearence, lived, died out, and was replaced by a perfectly 
different one, the marine fauna underwent a small change only ; 
some of its types died out, others migrated in eastern direction, 
while a foreign element coming from West filled up their places, 
but a considerable percentage of species persisted, and the deseen
dants still live in the same reg i on where the ancestors are buried 
in Miocene beds. 

8. GEOLOGICAL LI'l'ERATURE ON 
BURMA INCLUDING ARRAKAN & 'rENASSERIM. 

1. Upper and LoweT Burma. 

1705. Hooke, Robert. Opera posthuma ed. Rich. Waller 'rrac
tatus de terraemotis. London 1705 1). 

1791 . Baker, George. Journalof an Embassy to tbc King of 
Burma in 1755. Oriental Repertory published at the 
cbarge of theEast India Company hy Dalrymple. Lon
don 1791 pag. 172. 

] 7l:l9. Cox, Hiram. An account of the Petroleum wells in the 
Burmha Dominions extracted from the Journalof a voyage 
from Ranghong up the riv er Erai-Wuddey to Amara
poorah, the present capitalof the Burmha Empire. Asatic 
Researches vol. VI pag. 127-] 37. 

1800 . Symes, M. An ACCOUllt of an Embassy to the Kingdom 
of Ava sent by the Governor General of India in 1795. 
London 1800. 

1824. Crawfurd, T. Geological observations made on a voyage 
from Bengal to Siam and Cochin-China. Geolog. Trans
act. 2nd ser. vol. I 406-408. 

1826 . Symes, M. A brief account of the religion and Civil insti
tutiOllS of the Burmans and a description of the King
dom of Assaril, to which is added an account of the 
Petroleum wells in the Burma Dominions, extracted from 
a Journal from Rangoon up the river Erawaddy to 
Amaraporah the present capitalof the Burmah Empire. 
Calcutta 1826. 

' ) I quote from Zittel, Geschichte der Geologie und Palaeontologie, who states pag. 
23 that Hooke mentions silicified logs from the kingdom of Ava. 
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1829 . Buckland, W. Geological account of a series of animal and 
vegetable remains and of rocks collected hy 'r. Crawfurd 
Esq. on a voyage up the Irrawadi to Ava in 1826/29 . 
'rransact. of the Geolog. Soc. of London 2nd ser. vol. IJ 
pag. 377--392. 

1829. Crawfurd, T. Journalof an Embassy from the Governor
General of India to the Court of A va in 1827. London 
] 829: 

1829. CIift, W. On the fossil remains of two new species of 
Mastodon and of other vel'tebrated animals found onthe 
left bank of the Irrawadi, Transact. Geolog Soc. of 
London 2o

t! ser. vol. II pag. 369-376. 
1831 . Bedford, H. Extract from the journalof Apothecary H. 

Bedfol'd, rleputed to Yenangyoullg in A va in search of 
Fossil Remains. Gleanings in Science. Calcutta 1831 
vol. III pag. 168-170. 

1831 . Caldel', 'r. Note on certain specimens of animal l'emains 
from Ava. Gleanings in Science. vol. 1. pag. 167-170. 
Calcutta 1831. 

1831 . Prinsep, T. Examination of a metallic Button supposed to 
be Platina from Ava. Gleanings in Science, Calcutta 1831 
vol. 111 pag. 39-42. 

1832. Prinsep, 'r. Examinatioll of minerals from Ava. Journal of 
the Asiatic Society of Bengal. vol. I pag. 14-17. 

1833. D' Amato, Giuseppe. Short description of the mines of pre
cious stones in the District of Kyatpell in the Kingdom 
of A va. Crranslation ) Joumal of the Asiatic Society of 
Bengal vol. II pag. 75. 

1833. Prinsep, 'r. No~ e on the discovery of Platina in Ava. Asiatic 
Researches vol. XVIII pI. lIpag. 279-284. 

1833. Richardson, D. Journalof a march from Ava to Kendat 
on the Khyendween River, performed in 1831 under thc 
orders of Major H. Hurney the Resident at A va. Jour
nal of the Asiatic Society of Hengal, vol. II pag. 59-70. 

1833. Walters, H. Coal from Sandoway district. Journalof the 
Asiatic Society of Hengal, vol. II pag. 283-264. 

] 835. Prinsep, T. Chemical Analysis of Mineral water from Ava. 
Journalof the Asiatic Society of Bengal, vol. IV pag. 
509. 

1836. Christison, R. Chemical examillation of thc Petroleum of 
Rangoon. Transact. Royal. Soc. of Edinburgh 1836, vol. 
XIII pag. 118-123. 
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1836. Gregory, W. On the composition of Petroleum of Rangoon 
withRemarks on Petroleum and Naphta in general. 
'rransact. Roy. Soc. of Edinburgh vol. XIII, pag. 124-] 40. 

1837. Hannay, S. F. and Pemberton, R. B. Abstract of the 
Journalof a Route travelled by Captain S. F. Hannay 
of the 48 nd Regiment Native Infantry, from the Capital 
of A va to the Amber Mines of the Hukong valley on 
the south East }'rontier of Assam. Journalof the Asiatic 
Soc. of Bengal, vol VI pag. 245-278. 

1847. Griffith, W. Journals of Travels in Assam, Burma, Bootan, 
Afghanistan and the neighbouring countries; posthumous 
papers arranged hy Dr. J. Melcelland. Calcutta 1847. 

1850. Mason, E. The natural productions of Burma, or notes on 
the fauna, flora and minerals of the Tenasserim Provin
ces and the Burman Empire, Moulmain 1850. 

1854 . Piddington, H. Examination and analysis of two specimens 
of coal from A va. J ournal of the Asiatic Society of 
Bengal, vol. XXIII pag. 714-717. 

1856. Oldham., 'r. Memorandum on coal fonnd near Thayetmyo 
on the Irrawaddi River. Selections from the Records of 
the Gov. of India vol. X pag. 99-107. 

11,56. Oldham, T. Geological report on Ava. (Appendix in Yules 
Mission to Ava). 

1856 . O'Riley, E. Journalof a tour east from 'roungoo to thc 
Salween River (Hot springs) Select. from the Record. of 
the Gov. of India vol. XX pag. 49-1l. 

1856. White, 1. S. D. Letter regarding coal at Thayetmyo. Selec
tions from the Records of the Govern . of India vul. X 
pag. 70-78. 

1856. Trevor, W. S. Report on the district of Pegu. Select. from 
the Records of the Govefl1. of India vol. XV pag. 
35-45. 

I 85G. Williams, E. C. S. Pegu, its Geography, descriptive and 
physical. Selections from the Records of the Govern. of 
India vol. XX 4-5. 

l857 . De la Rue, W. and Muller, H. Chemical examination of 
Burmese Naphta or Rangoon Tar. Proceed. Royal. Soc. 
Lond. vol. VIII pag. 221, Phil. Mag. 4 0d ser. vol. 
XIII pag. 512. 

l858. Yule, H. · A narrative of the mission sent hy the Governor 
General of India to thc Cuurt of Ava in 1855. Appen
dix. Geological Report hy Dr. T. Oldham. London 1858. 
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1859. Ranking, T. Memorandum ontbe Geology of Thayetmyo. 
Madras Journalof Letter and Sciences vol: XXI (new 
ser. vol. V) pag. 55-59. 

1861. Duff, A. Account of " tbe Nat Mee, or the spirit fire, a 
burning hillock in the Province of Pegu. Journal of the 
Asiatic Soc. of Bengal, vol. XXX pag. 309-" 313. 

1866. Waldie, D. On Burmese Parafine. Proceedings Asiat. Society 
of Bengal, vol. 1866 pag. 72 - 73. 

) 867. Warren & Storer. Eltumination of naphta obtained from 
Rangoon Petroleum. Memoirs of the Ameriean Aeademy 
of Arts and Seience. Cambridge and Boston 1867. New 
Series voL IX pag. 208. 

18G9. Theobald, W. On beds containing silicified wood in Eastern 
Prome, British Burllla. Records Geological Survey of 
India, vol. II pag. 79-86. 

1870. Waldie, D. Analysis of a new Mineral from Burma (O'Ri
leyite). Proceedings Asiatie. Soc. of Bengal. ) 870 pag. 
279--283. 

1870. Theobald, W . On the alluvial deposits of the Irrawaddi, 
more partieularly as eontrasted with those of the Ganges. 
Records Geological survey of India, vol. III pag. ) 7-27. 

] 870. Theobald, W. On petroleum in British Burma. Records, 
Geological Survey' of India, vol. III pag. 209-210. 

1871. 'rheobald, W.The axial group in Western Prome British 
Burma. Records, Geological Survey of India, vol. IV 
pag. 33-44. 

1872. 'l'heobald, W. A few additional remarks on the Axial group 
of Western Prome. Records Geological Survey of India, 
vol. V pag. 79-82. 

1872. Theobald, W. A brief notice of some recently discovered 
petroleum localities in Pegu Records Geological Survey 
of India, voL V pag. 120-122. 

1873. Theobald, W. On the salt springs of Pegu, Records Geo
logical Survey of India, vol. VI pag. 67-73. 

1873. 'rheobald, W. On the Geology of Pegu. Memoirs Geologieal 
Survey of India, vol. X pag. 189-359. 

1873. Theobald, W. Stray notes on the metalliferous resources of 
British Burma. Records Geologieal Survey of India, vol. 
VI pag. 90-95. 

1873. Strover, G. A. Memorandum on the metals and minerals 
of Upper Burma. Gazette of India Suppl. 1873. Reprin
ted in Geolog. Magazine, pI decade vol. X, pag. 356-361. 
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1874. }~riedländer, Dr. H. The country of the Earthoil in Upper 
Hurma. Rangoon, Suppl. to the Brit. Burma Gazette 
Feb. 14st 1874. 

1879. Doyle, P. A contribution to Burman Mineralogy. Calcutta 
1879. 
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1882. Blanford, W. rr. Account of visit to Puppa doung an extinct 
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the Brit. Ass. f. the Adv. of Science. 1860. pt. 2, pag. 
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W. J. Blanford. Account of visit to Puppa doung, an 
extinct yolcano in Upper Burma. 

d' Amato. Short description of the mines of precious 
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Fryar, M. Correspondence regarding Tenasserim minerais. 
Fryar, M. Report on minerals in the Amherst district 
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Fryar, M. Report on minerals in Shwegyeen, Toungoo, 
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Mallet, F. R. Mineral resources of Ramri and 

Cheduba. 
Mallet, F. R. The mud volcanoes of Ramri, Cheduba 

and adjucent islands. 
Mallet, F. R. Note on a recent mud eruption in 

Ramri Island. 
Mallet, F. R. Record of gas and mud eruptions on 
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1843. 

Mallet, F. R. Notice of a mud eruption at Cheduba. 
Oldham, T. Remarks and papers on reports relative to 
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1888. Gordon, P. On the ruby mines near Mogouk (Burma) 
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