
Geology. - The rocks of the Katmai Region (Alaska). By W. F. GISOLF. 

\Communicated at the meeting of September 28, 1929) 

In a previous article 1) I explained that the lavas of the Etna volcano at 
Sicily can be considered as heteromorphic rocks of diorites with a com
position of plagioclase and amphibole. Use was made of a graphical method 
based on the Nigglian tetrahedron and parameters, modified by BECKE 2) 
and the present writer 3). The great advantage of th is method, over every 
other method, is that it enables directly to estimate the possible mineral 
compositions of a rock or of a series of rocks, superior analyses being 
at hand. 

The rocks of the Katmai region occur as lava-flows, sills, dikes, necks, 
plugs and ancient intrusive masses. There are several volcanos in the 
district, Mt. Katmai, Mt. Mageik, Mt. Martin, Knife Peak Volcano, 

Fig. I. Siraighiline varialion diagram of Ihe Ka/mai rocks (af/cr Fcnner). 
Tht numbers of /he analyzed sptcimens. givcn allhe bollom of Ihe figure. 

corrcspond ",ilh those o{Fenner. 

1) W. F . GISOLP. Die Laven vom Etna. These Proc:eedings 31, p. 660, 1927. 
2) F. BECKB. Graphisc:he Darstellungen von Gesteinsanalysen. T . M. P. M. 37. p. 27. 

1925. 
3) W. F. GISOLP. Zur graphtsc:hen Darstellung von Gesteinsanalysen. T. M. P. M. 39. 

p. 76. 1928. 
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Novarupta. C . F. FENNER visited the reg ion in 1919 and 1923 in order to 
make a study of the phenomena of the great eruption of 1912. He published 
the results in a most interesting article 1 ). He believes that volcanic action 
in this reg ion begins in early Tertiary times. In his article he plotted the 
results of the chemical analyses of his rocks in an ordinary variation 
diagram. reproduced here as Fig. 1. 

FENNER directed the attention of his fellow scientists upon the rectilinear 
character of the lines. representing each oxide and drew the conclusion. that 
the theory of fractional crystallisation by sinking of crystals could not 
explain the peculiar behavior of the differentiation in the magmachamber. 
underlying the Katmai region. 

This conclusion has been aHacked by the father of the named theory 
himself. BOWEN. in his beautltu: work on the evolution of igneous rocks 2). 
BOWEN lays the greatest we1llht upon aphanites and near-aphanites (glassy 
or nearly glassy rocks) (,iving each pole a certain weight. he constructed 
the diagram. here repJt!sented as Fig. 2. He draws his variation lines 
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Fig. Z. Weighled varialion diagram of /he Ka/mai ro"'s . Thc curves are de/I!rmined by the 
points shown as doble cirdes. These points rtpr~se!7t the analyses of aphanltes and near

aphanill!s. (~f{tlrBowell) 

through the poles of the glassy rocks; but unfortunately all these rocks 
(Nos 102.257.526.253. 175 of the collection made by FeNNER) originate 
from the Katmai volcano itself and none from the other localities. The 
conclusion is. that the diagram of BOWEN is of value only for the Katmai 
volcano and not for the Katmai region. 

The disadvantage of the variation diagram as ordinarily used. is that it 

,) C. F. FENNER. The Katmai magmatic Province. Journ. of Geol. 1926. p. 673. 
2) N. L. BOWEN. The evolution of igneous rocks. Princetown 1928. p. 1 H. 

Proceedings Royal Acad. Amsterdam. Vol. XXXII. 1929. 
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requires in all cases smoothing of the lines; the smaller the smoothing the 
more content the petrologist. But by smoothing lines the care of much 
laboratory work becomes useless and one realises, that Nature is being 
wronged. 

Applying the method which has been used in my paper on the Etna
lavas, I came to the results laid down in Table I. The graph is shown in 

T ABLE I. Nigglian parameters of the Katmai-rocks. 

~NO.COII. 
. Fenner. I 

SI 2 fe203 
I 

feo 
I 

mgo 
I 

c 
I 

al na ka 

1 284 145 6.1 11.5 20 .8 23.7 27.9 8.4 1.6 

2 102 149 7.6 11.4 18 .4 25.9 27 .7 8.2 0.8 

3 297 157 6.5 11.6 18.1 24.7 29 .6 8.5 1.0 

4 600 168 14.0 4.3 16.7 21.1 31.3 10.4 2.2 

5 257 176 4.7 16.4 14.1 21.9 29 .6 11.3 2.0 

6 526 186 10.4 12 .5 13.7 21.2 30.4 10.4 1.4 

7 249 179 4.7 11.9 18.8 23.4 29.7 9.0 2.5 

8 592 194 2.4 13.6 18.3 19.8 32.3 11.2 2.4 

9 286 198 7.7 8.1 19 .3 18.9 32.2 11.0 2.8 

10 583 224 5.9 11.3 14.7 20.0 32.8 11.9 3.4 

11 575 230 6.0 10.6 13.6 19.0 33.9 12.8 4 . 1 

12 274 230 6.1 11.3 13.5 19.3 33.8 12.1 3.9 

13 568 230 10.4 6.0 13 .8 19.8 33.2 12.5 4.3 

14 147 1) 

15 253 265 3.9 14.3 8.3 15.3 36.4 17.5 4.3 

16 588 272 6.4 9.5 11.7 17.8 35 . 1 14.4 5.1 

17 104 371 3.1 7.5 5.0 13.1 42.2 20.6 8.5 

18 175 498 2.3 5.5 0.0 7.0 47.3 25.0 12.9 

Fig. 3. Before calculating the 'Nigglian parameters from the molecular 
quotients, the accessory mineraIs, with the exception of magnetic and 
ilmenite, were eliminated. Apatite is a phosphate and not a silicate; in 
silicate diagrams it should be eliminated; if this is not done, it contaminates 
the results. Titanium can be neglected or added ta silica; the are being 
represented in that case as FeO or FeSi03 and not as FeTi03' which 
does not matter. 

From the graph may be seen that : 
I. The poles in the al-alk-field lie in an almost straight line. 

1) This analysis is omitted: P20S and AI203 not being separated. 
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2. The poles in the silica-field lie in a nearly straight line, but not 10 

nearly as the poles in the al-alk-field. 
3. The poles in the c- fm-field have the same character of distribution 

as the silica-poles. 
The character of these lines indicates that all the rocks of the Katmai 

reg ion can be considered as heteromorphic rocks of diorites composed of 
plagioc1ase, amphrbole and free quartz . As th ere is no analysis of any 
amphibole of this region, I am free to choose the composition of the 
amphibole. I have come to good results with an amphibole with the compo
sition AlT 5M 14nSi02 (A = N a20 + K20, T = Al20 3, M = CaO + 
+ MgO + FeO + 2 Fe203) ; although better results can probably be 
obtained with an amphibole somewhat richer in alkalies and alumi na ; but 
that is of no importance for the general considerations hereafter. The 
composition of the amphibole and the plagioc1ase for every rock can be 
calculated from the diagram in a simple manner. The results have been 
laid down in Table 11; the va lues have been calculated from and controlled 
in the graph. The behavior of the free silica is very peculiar; its quantity 
decreases or increases proportionally to the quantity of alkalifelspar. This 
is not only the case for the Katmai region ; in future papers I will describe 
similar cases from other localities. 

This behavior of the silica suggests that the composition of the alkali 
fels par may, in this case, be written as (Na, K) 20 Al20 3 12 Si02 and 
not, as usual (Na, K) 20 Al20 3 6 Si02. It suggests the possibility of 
stability of such compound with high pressure 1) (with perhaps negative 
combining heat) . An exception to this behavior of the silica is afforded 
by N0. 18. Probably the excess of silica in N0. 18 is due to desilification of 
deeper magma, of which N0. 15 is an example. Both rocks have been 
erupted by the Katmai Volcano. 

Wh en using the values of Table 11, it should be remembered: Ist that 
the plagioc1ases are written as m CaO Al2 0 3 2 Si02 + n(Na, Kh 0 
Al2 0 3 12 Si02 and 2n d that the ratio plagioc1ase : amphibole as read 
from the graph in Fig. 3, has relation to mineral molecules with the same 
amount of basic oxides; e.g. rock N0. 257 (N0. 5 in Table 11) has the 
composition : 

18,4 [:0 X (11 CaO Al20 3 2 Si02 + 89 (Na, KhO Al20 3 12 Si02] + 
+ 81.6 X [AlT 5 M 14 16 Si02] . The number of basic oxides in the 
plagiodase is : 

IlO (2 X 11 + 2 X 89) = 20; in the amphibole it is 1 + 5 + 14 = 20 too. 

1) The great many intergrowths of alkalifelspar and quartz may he remembered (myrme
kite and micropegmatite). Myrmekite goes as far as andesine. The circumstances under 
which these intergrowths occur, suggest high pressure. It is suggested that decrease of 
pressure originates the allknown structures. 
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TABLE 11. 

~I~O Parameters of the amphiboles: al
l
:25] ~ Ratio 

N . coll. alkl- 5 t! t:-
NO. g.- IS Plagioclase : 

Fenner. mgol I (2fe:z03+feoh I Cl I sil ~ t Amphibole 

Locality 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

284 

102 

299 

600 

257 

526 

249 

592 

286 

583 

575 

214 

568 

147 

253 

588 

104 

175 

23.5 

20 .6 

25.0 

22 . 3 

17.2 

17.0 

23 . 2 

25 .8 

27 . 1 

21.4 

21.1 

21.0 

20.5 

15.3 

20.0 

16.0 

0.0 

19.9 

21.3 

25 .0 

24.5 

25.9 

29.2 

20.4 

22.6 

20.8 

25 .0 

25 .8 

26.7 

24 . 4 

33 .5 

26.7 

34.0 

62.5 

26 .6 89 

28 . 1 104 

20.0 102 

23 . 2 64 

26 .9 80 

23.8 109 

26.4 106 

21.6 91 

22 . 1 94 

23 . 6 108 

23.1 89 

22.3 104 

25.1 93 

16 

41 

30 

11 

25 

21 

31 

29 

24 

23 

27 

18 

21.2 532) 16 

22 . 3 111 18 

20.0 86 20 

7.5 337 2) 16 

11 .6 : 88.4 aid volcanic 
neck. 

10 .8: 89.2 Katmai Crater. 

18 . 4 : 81 .6 Ancient sill. 

25.2: 14 .8 Knife Peak. 

18 .4: 81.6 Katmal Crater. 

21 .6: 78.4 

18 .8 : 81.2 

29 .2 : 70.8 Ancient intru
sive mass. 

28 . 8 : 71 . 2 Ancient Intru
sive mass. 

31.2 ; 69.8 Mt. MageIk. 

31 . 6 : 69.4 

35 .2: 64.8 Mt. Martin 

32.8 : 67.2 Mt. Mageik. 

Isolated hili . 

45.6 : 54.4 Katmai Crater. 

40.4 : 59 . 6 Ancient intru
sive mass. 

68.8 : 31.2 Katma! Crater. 

89 .2: 10.8 Katmal Crater. 

It is not necessary, that all the amphiboles are stabie compounds (e.g. 
N0. 15 and 18 Table 11) ; evidence is brought for the existence of the 
complexion Al T 5 M l4 (or near to that) in the underlying magma. This 
complex needs for its complete saturation 24 Si02 or si1 = 120. The 
results of Table 11 are plotted in Fig. 4 and Fig. 5. From these graphs 
may be seen, that the rocks of Katmai , Mageik and the ancient rocks 
behave differently. 

I) The plagioclase is written as mCaO AI20 3 2 Si02 + n(Na.KhO AI20 3 12 SI02 
(m+n= 100). 

2) The deficit of silica in the amphibole of NO. 15 mav he the cause of the excess in 
silica in NO. 18. 
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The magma or the magmas of the Katmai Volcano itself has or have 
differentiated much more than the magmas of the other eruptionpoints; 
and it may be for that reason, that the rocks of the Katmai Volcano give 
the best poles for an ordinary variation diagram 1). 

As all the rocks of the Katmai reg ion can be considered as heteromorphic 

mgo 

feo,zf~,o. 

Fig. 4 . 

I Katmai Crater(lV~"KnirePeok) 
U Ht Magellt(N~UMI Martin) 
111 Ancient intruilive rock" 

c 

Conrpotlition of the amphiboles , wiih regard 10 
HgO, FeO + z Fez 0."CaO. 

rocks of diorites, composed of plagioclase and amphibole, it follows that 
the whole original magma must have had a same composition. But af ter 
the views of modern petrology, such a magma would differentiate in a 
total different manner, and it does now, as may be derived from the 
occurrence of olivine-basalts. 

I can only see two ways out of this difficulty : 1 st to reject the evidence, 
given to us by Nature and 2nd to assume that all the lavas and intrusive 
rocks had different magmas, which once were all part of a huge mass of 
solid (quartz) dioritic rock, itself part of a differentiated huger magma. 
This quartz-dioritic rock must have been molten up in parts by some 
process (release of pressure, heating from beneath, radioactivity); each 
part having its own lavastreams. In this connection it is very interesting 

1) In · my next paper, on the rocks of Tahiti, I will give a general reason for the fact 
that volcanic effusive rocks show magmatic differentiation better than intruslve rocks. 
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to see in Fig. 4. that the amphibole in the heteromorphic quartz-diorites 
of the rocks 9. 8. 3. I have the largest amount in magnesia and that these 
rocks are the oldest igneous rocks of the region. It may be suggested. that 

in the huge quartz-dioritic mass these rocks were the deepest (to explain 
their content of magnesia) and that heating from beneath together with 
release of pressure 1) may have attacked these rocks first . made them liquid 
and sent them into the fissures of the earth crust . healing these fissures at 
the moment they were created. The same considerations höld for the lavas 
of the Etna volcano. 

In close connection with the problem of differentiation stands the sinking 
of crystals advocated by BowEN. as it seems when reading his publications 
superficially ; but all that he requires for his theory of differentiation is 
th at crystals. once into being. do not react further with the liquid. They 
must be taken away. But sinking of crystals suggests a steady rain of 
crystals in downward direction ; and just at the moment, when a certain 

I) By passing the Dav~on layer of no stress downward. which will he done first by 
the deepest rocks : or. which leads to the same effect. by the movlng upward of the 
Davison-layer. 
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part of the liquid has lost its crystals , other crystals are coming from 
above; lavas without crystals will be abnormal; unless crystals are 
solved in the liquid; but th en the liquid is contaminated, not pure, mother 
liquor; glassy rocks will- lose their value for the theory of BOWEN. 

To solve this difficulty, it is necessary to remember that the phase rule 
can only be applied on systems which are homogeneous with re gard both 
to temperature and to pressure ; the system in a huge magmachamber 
can be homogeneous with regard to temperature, but never with re gard to 
pressure. At the bottom of every layer of about 3 m. thickness, the pressure 
is Olie atmosphere more than at the top. As has been demonstrated by 
famous physicists this increase of pressure has but a very slight influence 
upon concentration; but it can and must have ä large influence upon the 
place, where crystallisation starts. 

Crystallisation of silicates probably involves diminution of volume; 
increase of pressure diminishes the solubility of silicates; the first crystals 
will be bom at or close to the bottom of the magmachamber. There will 
be no rain of crystals; the liquid is taken away from the crystals; the 
liquid, having lost its heavier components and perhaps acquired some 
crystallisation heat, will rise and mix up with the other liquid. Aphanitic 
lavas will generally represent true mother liquor and will be normal. 
A part of the liquid, having lost some crystals at the bottom, will vary 
much in composition, but being mixed up with the other liquid, the effect 
on the equilibrium of the crystals with the liquid will be very slight; 
whereas, crystals being formed in many places throughout the liquid, 
this will change its composition more rapidly and attack the rain of crystals. 

This newer view does not alter much in BOWEN's theory and it explains 
more. If peridotites e.g. should be formed by sinking of crystals, a certain 
structure and idiomorphism should be the consequence. In the very pure 
peridotites of the Dutch East Indies (which are renowned for their huge 
peridotitic areas) every slide of peridotitic rock gives the impression that 
the rock has crystallised in place; there is no idiomorphism at all. 

The origin of granophyric structures within gabbros, too, can be 
explained. As everybody knows, from ordinary crystallising solutions, 
hollows can be formed in the crystal mass, filled up with mother liquor. 
This may not only be the case in the laboratory but also in Nature. Such 
an emprisoned part of the mot her liquor will be much influenced by the 
increase of pressure inits own body 1) than the huge mass of mother 
liquor outside. It will differentiate in its own manner by cooling only; 
the last liquid will be rich in potash and silica; granophyric structures in 
gabbros can be looked for as of ten as liquid inclusions in masses of 
rock salt. The greatest difference between the genesis of the two kinds 
of granophyre viz, that occurring in gabbros and that occurring in 
granites is, that the concentration of the gases in the gabbro~granophyre 
is very small and in the granite~granophyre probably very large. The 

1) Bec:ause of its much smaller dimensions. 
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consequence is shown in the occurrence of pyroxene in the gabbro 
granophyre and of hornblende and biotite in the granite-granophyre. This 
explanation is a very strong support to the theory which attributes the 
origin of granitic rocks to the differentiation of basaltic magma. 

If cooling of the crystallised mass does not go too rapid, release of 
pressure (e.g. the cracking of the massif by cooling) may be the cause 
of Iiquefaction of the deeper rocks , especially when these rocks contain 
solid compounds unstable with lower pressure (e.g. solid solutions of 
substances with low molecular weight, ordinarily designed as gases, or 
other compounds) . This may be the explanation of the origin of many 
basaltic dikes in the granites of the Archean regions in Northern Europe 
and otherwhere; wh ere basaltic dikes ca me into being before the granites 
had solidified entirely. It may be part of the solution, too, for the problem 
of volcanic action in the Etna-, Katmai- and in many other regions. 

Of course the newer views, explained in this paper, have an important 
bearing on geophysical problems ; the intimate connection between volcanic 
and tectonic actions , the f10ating of continents, isostasy, the peridotitic 
shell , the reconcilation beween the two most important theories on the 
figure of the Earth, the theory of the secular cooling of the Earth of James 
Hall and the TAYLOR-WEGENER theory, and so on. But that will be the 
subject of a future paper. 

Bandoeng, 19 Juli 1929. 




