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PREFACE. 

By ALFRED H. BROOKB. 

h 1895 the thlogical Survey made a prebinar~r investigation of 
the cads dong the Paeifio seaboard of Alaska. The report' p a b  
lished on this gubject was the f4rst of a large number which deal 
primarily or incidentally with the c o d  deposits of the Territory. I n  
1902 a aptematjc ~ tudy  wm madeof the coal resources of the Yukon.= 
This was fdlawed in succeeding yeam by remmaissance surveya 
of the coal rmourcea of ArZmirJty Island: in southeastern Almka; 
of Kachem~k Bay4 (sea P1. I), of Cape Lisb~rne,~ in norhhweatern 
Alaska, and of the Cook Inlet' and Alaska Peninsula regions,' In 
1910 tr ~eao~issmm survey of the Nenann coal fieldB was corn- 
$hted ( 7 1 .  I). Meanwhile the more valuable coal fields of Bering 
River and Matanuska Vdey had not been neglected. A pselimiaary 
examination of the Bsring field was rnsde in 1903 * and of the Mata- 
auska field in 1905 lo and 1W6.11 

The plan of tbe Survey" Alaskan investigations includes the- de- 
t d e d  survey of the mmt important mining districts. It is believed 
that so long as there are large are- geologicdly almost unknown, 
the detailed surveys, which are expansive of execution, should not be 

" ,m on et the cost of too greet a curtailment of the reconnaissancs 
work. It is for this reason that the detailed aurveya have not 
been advanced more rapidl~. Because of its earlier discovel-g and 
greater mdbi l i ty  the Bering field was surveyed in detrsil before the 
Matanmka m ~ e r  field. This suwey was completed in 190R.1a In 

1 M, W. K.., &pmt oa (I ud ligdk ol Swedemtb A m .  Rept. U, 8. Owl. B m y ,  pt. 1, 
1% m. fb59oB. 

* Oolrrer, A .  J . ,  Tbs ud - d the Y h ,  A m  Bd. D. 8. GmL 8- No. a8, lWm 
\Vrl~ht,C.  W., A r e c o n n a ~ n c e o ! A d m h 8 l t g ~ d :  DII11.U.S. UeoL S ~ ~ T V ~ J ~ O . ! & ' , ~ W , ~ ~ ~ - I ~ ~  

4 B m e .  R. W., Cosl ffelds 01 the & b e d  Bay Won:  Bull. U .  8. Qml. Survsg No. a77,tm. pp. W73. 
* &UL*r, A. J.. a m l m  and mfnml  renwrces of the C a p  Libmne reghn, M a :  Bull. U. 8. W. 

B m e g  Ha 278, lm. 
AW, W. w.. remmm of mth- h h b  nun. W. 8. CIPDI. survey NO. m, :m, 

pp. lW152. 
7 A t w d ,  W. W., .nd m l n d  ~ U R W E  d p b  or Alsakn PmWmk Bull. U. 8. Qml. Sump 

No. Y17, 1911. 
t Cappl, B. R., TBa ~ ~ m g l o n ,  A W a :  Bull. U. 8, C d  B r l r w y  No. W1,1@18. 
Msrtln, O. C., The mltum Aelda of the Psclflu amt of A l e ,  with an accwnt of the Bmhg RIva 

OOU depllalts: Ban. U. 8.  Owl. Bwvey No. a5o, 1W. 
I* M8nlnl G. C., A recm1nnI~1~c-m 0t the M%tanu~~~ka CQSI tldd, A W h ,  In 1905: BuU. U. B. Oml. 8- 

No. ZB. 1W. 
u Pale, Rldney, and ?kopf, Adolph, Qwloglc W n A  In the M s ~ ~  and TaIheaLnekdrq 

Ball. U. %, G a l ,  BurPay NO. 8n. IW7. 
i n  M d n ,  U. d,, 0- 4 rn- Rmmea 01 the OolltmM Bsy &on, ilbh Bun. U. 13. awl  

Brrrvey No. W ,  19DB, 
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8 !rw LOWEB MATANITSEA VALLEY, ~ L ~ B K &  

1909 the detailed base map of the Bdatmuska 5eld was prepared, 
and in 1910 the gmIogic investigatiow, whose results are here set 
forth, were completed. T% report forms the second of a s e k  
which will set forth the detailed geology of the Alashn cod fields. 
The detailed work in any pmticular %Id, on which such a repoh is 
neceaaarily baaed, will not be undertaken until there i promhe that 
the field will be dmeloped in a large way. 

The detailed s w e y  of the Matanuska field ha9 fully justSed its 
cost, if only from the fact that it bm revealed a much larger area of 
suppoaed coal-bearing for.inations than waa previously known. B e -  
vious to  this survey the m a  underlaia by supposed coal-beering 
mks was roughly estimated at about SO square milee; now it is 
@timated to  be at loast 74 and poasibly 98 aquare miles. (See p. 
76.) It has not been determined that d1 of this area mntainswork- 
able coal beds, but the survey indicates at least that the coal reserve 
in this field may be twice as large as previously estimated. In this 
mnnection ik should ba nohd that c o d  b h a m  to oecu+aii4 of the 
field here d i s c 4  and the cod-bearing area may be considekb1p 
larger than is included in the above Qyrsa. 

Tbe best of the bituminous cot& of this field are of the same grade 
as those of the Bering River field, but from the information at hand 
they seem to carry a llarger percentage of fuels ha* coking 
qualities. It was a part of the original plan to have this invmtiga- 
tion cover also the anthracite cod of the Matanuska Valley, but time 
did not permit. 
In comparing the commercial value of the Bering Ri~er: and 

nusks fields, in the matter of dktanra to tidewater the &mt h'as a 
decided advantage, being only 60 miles from Cordova and 25 from 
ControUer Bay (Fl. I). On the other hand, the rocks in the bed- 
known part of the Matanuska field Beem to be leas intricately folded 
than those of the Bering Ri~ar  field, a wnditios .which makes for 
cheaper mining. Mr. Martin and Mk. Katz point out (pp. 94-95), to 
be sure, that the degrm of folding in much of the Matmuska field 
must remain in a l q ~  memuro unknown until more underground 
explorations haw been made, but this is alsu true af the Bering River 
field. T3 the deformation of the Matanuska field proves to  be bsa 
intense than thtbt of the Bering River Seld, this advantage may be in 
a measure offset by the fact that mining in the Matmuskti will be 
rendered mom expensive because of the presence of considerable 
igneous rook, which iS entirely absenf from the other field. 
All this pointa to  the necessity of careful and systematic prospecting 
of each coal tract before any large amount of money is expended on 
equipment. . * 

i - 



'GEOLOGY AND COAL FIELDS OF W E  LOWER 
MATANUSKP, VALWY, A M K A .  

. - 
LOCATION. 

The area d m c i b d  in this report covm about a00 qnm miles 
and is ~itusted in the lower part of the Matmuska Valley, in the 
~ ~ u t h - m u t d  p& of Alaska. It is about 25 to 50 miles riortheast 
of tidewater ~h the b e d  of Cook Inlet and about 100 miles north of 
Seward, which is the nearat l a p  town and the near& ocean port. 
(See PL J.) 

AtXOUBT OF IIWESTIUA'TIOZQB. 

EX-TORY AND RRCONlTAI8R&HCE dlTAVEY8. 

The investiptions which were made with the purpose-of preparing 
this report were preceded by other m e y s  through which the general 
fwtmea of this district llavo alrestly been mado known and which 
have contributed in no s m d  degrac to tho  result^ prmented below. 

The Uatmuska f alley was troversd in 1898 by W. C. Mendenhall, 
who was attachd as geologist to "mi1Etary expedition No. 3" in 
charge of Cspt. Edwin F. Glenn, Twenty-fifth Infantry, URited 
States Army. Mendenhall's explorations covered areas on the w e t  
shore of Prince William Sound and a routo extending from Resur- 
rection Bny to the head of Turnagain Arm, tl~ence by way of Glacier 
and Yukla Creeks to Knik h, up the Matmuaka Valley to ita head, 
rand thence northward So rtlm Tsnana. Mendenhall's accounti of 
hia explorations includea a dmcription of the general geoIogic and 
geographic featwea, accompanied by a topographic map on the sortle 
of 1 to 625,000, 

The cod of the lower Matanusko V a s y  wse ~tudied by G. C. 
Martin in a reconnakance made in ~ u g u t ,  1905. ~af i in ' s  report a 

-- 
1 Msndwball, W. Q, A m m l -  TbmrmtIna Day to the Tanaua R t m ,  Alaske, h MI& 

Twentieth A m  Rept. U. 8. Owl. Purvey, pt.  7,1800, pp. aM.910. 
HuUn, a. C., A d the M&amdc3 d AcEd, Ahub, in Iem: Bd. 0, B. Qml, B n m q  

No. ma, 1608. 
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bcludea a brid mownt of the geology and geography of the m a  
covered by his work and. a mom extensive description of the coal, 
including detailed meawrementa of many coal beds and analyses of 
repmentative samples. 

This region was visited again in 1906 by tb Oeological Surrey p&y 
which mepped, topographically and geologically, on the reconnaissance 
d e  (1 to 250,000), tbe entireM~tsnuak~ and Tsllreetna valleys, aa 
well aa part of tbe mountains bordering the wmtern edge of the Copper 
River basin north of the Matanuaka VdIey. This expedition, which 
was in chafge of T. G. Gerdine, tupographer, waa accompded by 
R.  R. Sargent, topographer, and by Sidney Paige and Adolph Knopf , 
whose report h n  t he  geolow described for the firat time an sppraxi- 
mately complete section of the Mwmic and Tertiary rcrcb and wae 
accompanied by a geologic map showing the areal distribution of.the 
larger geologic units. 

DETAILED 88ROEY19. 

The detailed topographic map (PI. TV, in pocket), which m a  wed 
as the bme lor the subsequent geologic sumep, was made by R. H, 
Sargent in 1909, 

The detded geologic investigations which rn the chief .basis of 
the discussion pmnted  in the following pages were made in the 
summer of 1910 by G. C. Martin, geologist; F. J. Katz, mistant 
geologist; and Theodore Chapin, geologic field ass isht .  The party 
also included a cook and two packers. The field seasan extended 
Imm June 3 h September 11. 

Matanuaka River ia tributary to  Knik Am, st the bead of Cobk 
Inlet. It rises on the western edge of the Copper RiPer b i n  and 
flows betwan the Tdkeetna Mountains on the north and the Chugmh 
Mountains on the south. The Matanuska ia about 80 milas in length 
and has a drainage basin of about 1,000 square milee. Its fall in the 
part of its course included in the area here describd in detail is about 
20 feet ta the mile. This rapid fall gives it a swift current, because 
of which and of its b e i  overloaded with &ent and c a ~ u a n t l y  
being in most places broken up into many shirting channels over an 
w a d i n g  flood plain, it is not navigaMe. The fall ia, however, so 
evenly distributed that there ia no available water power. 
The principal tribukaries of the Matanusks are C~ribau W k ,  

Hicks Creek, Chiakaloon River, and K m g s  River, of which the last 
two enter it within the area here described in detail. The other 

1 m, kWmy, md w, Adolph, Waglo -- In the Mmtamuh mid TmlbeDa basins, 
A h k x  m, U. 8. a d .  Suwey No. a?, l(m. 
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trjhtaries which it receives in this area are Goal, Carbon, Granite, 
E;sBa, and Moose creeb. It is a noteworthy fact that the larger 
tributaries of the Matanuska all mter it from &a north. 

The Matmuska drainw basin may bs dividd into the mountain 
amaa and the valley areas. The mountain amas include part of the 
Chugach Mountains south of the river and the Talkeetna Mountains 
north of it. (Em PI. 11, A.) The letter are d i ~ d e d  by the vdhy of 
Chichloon River into two topogr~phicalIy dissimilar parts which 
will b ahown, below to be geologically unlike. Tha mount a h a  west 
of Chickdoon River are in general higher and more rugged than those 
fo the east. The height of the summits is in general from 6,000 to 
8,000 feet west of Chickdoon River and from 5,000 to 7,000 feet m e t  
of it. Tha genere? altitude of the aunvnits of that part of the Chagach 
Mountains which lies in the Matanuska drainage basin is from '3,000 
to 8,000 feet, 

The Matanuska Valley proper has a general width of about 6 miles 
between approximately parallel and f ably distinct mountsin fronts. 
Within it are rounded hills and gravel-covered flats, the former rising 
to elevations ranging between about 2,300 and 3,500 feet and the 
latter to about 1,200 feet, although small pvel-covered benchea am 
present at the mouths of some of the tributary  alleys at elevations 
@.,great ss 2,200 feet. The e t r m a  occupy narrow vdleys within 
thiR broader valley and some of these are box canyons. Tt is note- 
worthy that the Matanu~ka prscticdly throughout its course is nearer 
the aouth than the north wall of the valley, in most places hugging 
.the south wall. 

At Moose Creek the valley ope= out into the Cook Inlet flats, a 
gravel-cavered lowland in wllich the irregular hills and ridges risa to 
alevations in few p l a m  exceedmg 200 or 300 feet. Betmmn theae 
bins are many manhy Bats. 
. . 

CLIMATE. 

The Matanusks Valley, lgiag as it does back from the ocean, has a. 
climate more like that of the in ter io~  of Alaska than that of the co&. 
The summer temperatures are rather mild; the winters are severe. 
Tbe precipitation ia Irght, aspmially in the m e r ,  when, sIthough 
cloudy days &re not infrequent, there is sometimes only a few inchm 
of rnidall during the whole summer. The snodaI1 is said to be 
mderah, a total of 3 or 4 feet usually accumulating annually. 

The following tsble is a summary of ohemations kindly furnished 
by Mr. Frank Wataon and published by Mred H. Brooks." 

- 
1 ntwm I. a,, ~b m t  m a n ~ ~  ram, *. ~ml.  e U. & WL e-q ~ a .  m, I S ~ ,  pp. 
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12 THE LOWER MATANUBKA VALLEY, ALABKA. 
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D&a 6 am. Noon. DBys wlth predplb Clesr 
tion. dsys. 

.............. 1 
NorembPt ........... 
W m b r . .  .......... ....... 

lrn, 
Jamaq .............. Ba I6 8 I m ~ )  .............. l2 ... h b m w  ............ 
Mnrth ............... ...... 15 ...... p l l  ................ 

riy ................. ........ l.... .. 14 ............ Jnnc 1-23 .... I3 

~ Q t t ~ y  # M # ~ Q I ~  at W h. 
I$ehss. 

Ochber, 1W, ................. ... ............................. s t  
November, 1907.. .............................................. 1st 
December, 1907.. .............................................. 94 
January, 1908. ................................................... Ma 
February, 1908. ................................................ 
Mnrch, 1808. .............. -2.. .,. ...................-.. 30 
April, 190B ..................................................... Y - 

Mt 
Match 23, 1W8, 3 k t  4 incbm of maw on the level; April 14, fW, 2 feet 6 inch- 

of wow on the level. 

The United Stattea Weether Bureau hm oourteorrsly supplied the 
obsemations made by H. R. Kicks at Chicltaloon during the perid 
from M~rch,  1910, t80 Merrh, 1911. They am summttsizrd in the 
follom*ng table : 



Timber line in this area is at a general elevation of 2,000 to 2,500 
feet, above which them is the customary growth of small bushm, 
m m ,  and grws. The t m s  include spruce, birch, and severd kinds 
of cottonwood. The growth is in general not dense. Most of the 
spruce trees are under 12 inchaa in diameter, the largest one which 
the writers noted having a circumference of 5 feet. Tho timber i~ 
probably suiEcient for any lacd demands that can now be f ore s~n ,  
provided that forast fires, wbich the d q  climate favors, are kcpt 
under control. There is no timber suitabEe for export. 

The more open birch forests, as well as the are- which have I~tely 
been burned, are covered with a dense growth of grass. These nat- 
ural meadows are large enough to  furnish f d  for whetevor stock 
is likely to be locally needed. 

ACCE88fBILITY. 

T i b ~  Matanuska Vdey  is at present reached from Knik, which is 
the hesd of navigation on Cook Inlet and to which vesaela of shallow 
draft can go at high tide. Near the lowor end of Knik Arm t,here 
is a good anchorage, which oceangoing v e s d s  can reach at any 
stage of the tide except during the winter, when the whole upper 
part of Cook Inlet is frozen. 

There is a good horse trail from ICnik t o  the upper #nee$ of Mata- 
numb Vdey, and the character of the p u n d  and of the vegetation 
is such that this trail could be made into s wagon r o d  at cornpara- 

- -,&Wy ~hght expense. It takes horses from one to two days to reach 
Moose Creek, dcpcncling on the Iood, and from a day to  rr day and a 
half to  go from hXoose Creek to Chickalmn River. 

At present freight can not be takan in whilo Cook Inlet is frozen, 
which i9 usually fmm October 15 So May 15, and passengers can 
m h  the region during the winter only by going in from Seward 
with slads. 

The Alaska Northern Railroad, whicb i~ now completed f o m  Sew- 
rsrrl to Kern Greek, on the north shore of Turnagain Arm, a distance 
of 72 d e s ,  is intentled to  rssch Matanuaka Valley, to which sur- 
vep have been mads; some construction work has been dona between 
Kern Creek and Knik Arm, According to the present surveya it will 
be about 150 miles from Seward to Chickalooa River. When this 
mad is completed the Mataauska Valley will be miIy acceAble 
at any h e  of the year. 
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The premnt interest in thie region Ees chiefly in the GosE beIda. 
One of the pu~posee of the railroad war3 the development of these 
coal fields and until they am developed there will probably not be 
d c i e n t  freight to justify the completion of the road. 

!l"he only present inhebitraata of the Matanuska V~lley am men who 
m interested in the cad. The t o m  of G i k ,  although depe~dant  
partly for its support on the proepectots in the coal fielda, is a l ~ o  the 
local shipping and supply point for the gold fields on Willow Creek. 
The latter are st premnt the chief support of the town. 

The Mat~nuab drainage basin and the region immediately con- 
tiguous to it may be divided into threa mountainou~ and three low- 
land provinces. The major areal dipision is that by M~h11uska 
River, into the Chugach hlountaina south of the river and the Tab 
keetna Mountains north of it. 7 % ~  Talkeetna Mountains are divided 
by the valley of Chickahon River into t xa  physiogmphicallp 
and geologically dimimilar parts. The t h  lowland p r o ~ c a s  &re 
(1) the valley of the Mateauska from iB sourn to the point where 
it emerges from between the Chugwh md Takeetna mountains, (2) 
the lower Matanusks, md E k  Arm flats, and (3) the Copper River 
Plateau, on the western margin of which Matanuaka River has ita 
mume, 

West of Chic~loon River the Talgeetna Mountains are pmbably 
cornpoaed chiefly of granite, ulthough metamorphic m k s  are known 
to be present. Eaat of the Chickdoon the Talkeetne, Mountains are 
made up of Jurassic sedim~nts, overlain in parts of the a m  by late 
Tertiary ~olcmic rocks. The geology of that part of the Chugech 
Mount&s which lies within this region i8 practically unknown, but 
he rocks are probably chiefly crystallina ~ n d  largely metrtmorphic. 

The Ioas mountainous area djamnt to Mrttanuska Rimr confaiae 
mainly Tertiary and Mesozoic sediments. The are8 described in 
detail in this report lies chiefly within this pro~ince. 

The Knik Arm flats and the Capper River plateau ~ r n  covered with 
Quaternary gravels and the nature of the underlying m c h  is u n k n m .  



The mmpanyhg geologic map (Pl. m, in pocket) shows the 
smal di~tribution of the rocks throughout the Matmuaka Valley. 
The general stratigraphic sequence is given in the following tahle: 

Mica achbets farm a n a m  belt, not over 3 miles wide, near the 
head of Willow Creak. This belt hae an east-west direction, is not 
known to extend farther east than Littb Susitna River, and dig- 
appoarR westward benearth the gravel floor of Susitea Valley. 

Them whbta include garnetifemus mica schists and chlorite-albite 
mhists. They am thoroughly foliated m b  of medinrn p i n  and 
&OW hi general no ~ariations in appearance. 

The atrike of the mhiatosity varies fram N, 45O E. to N. 60° W. 
The dips average near 40" but are inclined on both sidea of thevertical. 
Fossils have not been obtained in these rocks, nor is their occurrence 
likely. On rtccount of the thorough metamorphism it has nndsxone, 
which considerably exceeds that of any of the rockg p r m t l y  to be 
d e b e d ,  this formation is regarded aa representing the oldest 
of the mgion. Its members show a petrographic simjlarity to the 
mica schists of the Yukon-Tanma region, and a p s i h l e  correlation 
with the pre-l)rda.Pician of that region i~ suggested. 
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the most characteri~tic member and attain a wide distribution, 
eepecially in the interior of the Takwtna Mountains. 
The great bulk of the graenetones is largely in the form of strratihl 

brecck in which angular fragments of dark-blue porphyritic rock, 
v e g  in she from pieces of micmmopic dimemiom to blocks 
se~erd feet in diameter, me inclmd in a matrix of green color. . 

This contrast of colors, which servm to emphmiea the breccia char- 
acter of the m&, is due to the fact that the matrix is abundantly 
changed into the green mind chlorite, wherem the large angular 
fragments, being of a dme,  fine-grained texture, have in places 
withstood alterstion more thoroughly. With the breccim me inter- 
calated sheets of amygdaloids, porphyries, and flow brecci~. In 
many places the amygdaloids are studded with numawus Imp 
amygdules of chalcedony, quartz, calcite, chlorita, or molite. 

A prominent featurn of the greamtonm is the great mount of 
shattering md alickenaidq which they exhibit. T h e r e  this intar- 
nd movement has been of a more regular charwter a rude acbtosil;y 
hw been impmmd on them. Exhnsive pyritization of e, diffumd 
character was noted at se~erd  Zocdities, but a thin irregular seam- 
ing with calcite appears t;o be the mast usual form of min~rdieation. 

htmgrapbically the greenstom are prevahgly andwitic and 
more or less aomplotely chloritieed. Examples mom basic than 
andesita a p p r  to be ram and were noted only on Boulder Creek 
about 7 miles from its mouth, where penstonw displaying colum- 
nar structure make up the north wall of the valley. These prove to 
be &abase porphyries. 

Hem and there the thichem of the greenstones exceeds 1,000 feet. ' 
Tho tuffa locally contain frmgmonts of lignite, and at the east end of 
Sheep Mountain, in the upper Matanuska Valley, they carry marine 
sheh in a h a  s h t e  of pmemation. 

Various rhyolites and dacites, including their tuffs, am-awsociated 
with the gwmbnw. These rooh am widely dis$ibuted in the 
interior of the Tdkeetna Mountains. The rhyolites are generally 
flinty looking rocks containing glaasy phenocrysts, but also include 
mme distinctly flow-banded p h m .  Devitscation is common in the 
rhyolitas. Some of the dacitea resemble the xhyolih in appearmce, 
but others possess a p n a t o n s  habit, !bme acidic lama eppear 
b have been erupted eikher during or soon dter the period of the 
andmitic extruGons, aa thy contain included fragments of microlitic 
mdesite. 

%ring the extr&vaa&tion 01 the rhyolib conditions were not ani- 
form eyer the province. While Iavas were twcrrrnulsting in some 
portions of the e o n  ~edimentation waa progressing in othem. On 
the divide between Hicks and Boulder creek rr white stmhra 20 
feet thick is prominent. It prom to be a felhpathio sm&- 



with some irregular thin whih ban&, about a quwbr of Rn inch 
thick, scattered through it. The microscope shorn that these bmda 
&& mmpomd of micmpherulitio particles and fragments of devitri- 
5d rhyolite, with %ne flow  structure, indicating that &oarem of 
rhyolitic materid were prevalent during this portion of the h w e r  
Jurassic epoch. 

aRAm0 RWHB. 

Granitic rocks of granite, quartz diorite, and quartz monzonib 
kcbbif and for the most p& of moderately mame panitaid texturn, 
though J d y  folia&d, w u p y  mast of the mountain province north 
of Matasmka River and west of Wckaloon River. Thma rocla am 
thus gwgmpBicaUy re~tr ic td  save for a d mass on Sheep Mountain 
which bas been regarded by Paige and Knopf as equivalen* to the 
gradtic rocks here discussed. Much of the rugged inbrior of the 
Talkeetna Mountains remaim unexplored, but such evidence aa is 
a v d b  indicates tbt the great central area cornis& largely of 
W t i c  rocks. Th8 morainal m~terial brought down by the glaciers 
from the remote wmses of the range and the gravela of the stmama 
hea- in the mountainous i nh io r  cornkt prevailingly of granitio 
matarial. 

A mnaiderable variety of rock types is found, but quartz diorites 
appear to pmdohte .  A quartz diorita north of M o m  C m k  car- 
r i e ~  the dark mine& homb1ende and biotih and is associated with 
a qua& diorita p& rich iu hornblende. 'I'hia gneiss exhnda a h  
e e s t w d  to and dong Granite Cmk and is doubtless a cataclastic 
phase of the MVB quartz dioritg. Along the middle coum of 
Chickdoon River quart~augite diorita is p m t ,  but toward the 
beadwaters it gives place to a muscovite granite. On $he upper 
Tdkwtns gneissea again appear, but along the lower couree am ex- 
p o d  more quartz diorites. On the weshrn f l d  of the Tdkmtns 
Mountains granitic r c c b  outcrop in gmat abundance almost contin- 
uously from T a l k h a  R i a r  to Willow Creek and again rn bs narrow 
band forming the southern boundary of the area of c r y s t h e  mica 
e&. Near Sheep C w k  some uralitic gabbro Is found. In the 
~ckiiiy of E d w i t n a  River ia a Z i g b h I o d  quarbam type, which 
pram ta be a quartz monzonite. 

The quartz diorites on the muth side of Ib ik  Arm are probably to 
be correlated with those making up the main mass of the Talkeetna 
Mountains. Sizdarly a smalI isolahd boss of spidotized quartz 
diorite s few d m  east of the mouth of Caribou C m k  appears to 
belong to the same general mass. 
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MIDDLE AND UFFEB m B B I C  ROCKB. 

!l%0 Middle and Upper Jurasaic ioch of the Matanusha Vatlw 
were not recognized within the area hem deslcribed in detail, but 
they have a considerable thicknew and wide htribution farther east. 
They contain faunas which seem to repmnt  those of d the Middle 
and-Upper Jwa49ic formstions p m t  on Cook Met,  although. the 
beda containing the several faunas have not been mparated in ares1 
mapping. The following description of these beds is compiled from 
the report by Pdge and Gopf.* 
In the region east of Chickdoon River the Lower J u r k c  volomic 

mcks (lower Middle J u r d c  of the rsport cited above) am overlain 
with apparent conformity by a series of sanclstom and &&lea. 
Some fine1 y %ow-banded volcanic rocks, now dovitxified, are in pplwea 
msmiattted with the sedimenh, proving that eruptive activity had not 
en tirely ceassd during their deposition. This aeries, by its domhan tly 
sedimentary character, can be readily distinguished from the under- 
lying mehmdasite. 

The smdahnes are uaually feldspsthic and under the microscope 
show mmeruu~  mall hgmenb of microlitic andssita no Imger than 
the feldspar or quarbz grrah. The shaIea locally carry numeroua 
limtstone nodules. At smmal locdities t h e  shalm and sandstones 
are intensely shattered and crushed. This ia especially notable in the 
gorge of Creek. In th is  vicinity also o-r mvmZ conglomer- 
ates not found el~ewhere in the scrim. 
In general the aandstonas and ahden are bmm of fc-sails, though 

belemnites me rather common. The foUowing species, howavsr, 
were found a d  were submitted to T. W. Stanton, who reported ss 
followa: = 

Pleuromya. 
Plemtomda. 
Phylloceras. 
Stephanwem. 
Oppelia? 

6 A, K, 88B. Same locality sa preceding, but found in f lat  bowlder in rrw bd: 
Inoceramw. 
Natica. 
W y l l o c ~ .  
Btephanmeras. 
Sonninia? (two v i m ) .  
Belemnitm. 

The two lob are evidently from the m e  horizon and nearly dl the qmim oo~ur 
in the lower part%f the Enochkh at h u g  H h r .  

1 P*, Sidney, and Knopf, Adolph, Gmloglc m m m i w ~ n c e  In the Matmmks and Tdk- k d n $  
AlaBka: Bulll. U. 8. W. Survey Na. 827, 1957, pp. $7-23, 



The Upper Jurmsic rocks consist IargeIy of blue &ales, locally cluc 
rging fmsiliferous limestone nodules. With the shales are associated 
bmihtonea, conglomerates, and same tuffs and arb@.  S b t a  of 
this age h ~ v e  a wide distribution east of Chichaloon R i m ,  but werre 
not observsd in the Talkeetna M o u n t b .  

The amdstonea of this series are uaudly ordinary yellow sandstants, 
which in plwea are conspicuous on acwtvlt of the multitudes of 
Aucda contained in h m ,  this fossil making up aa much as haIf of 
the rock. In some placee the aan&tones have a light-gray color, due 
to the fact that such beds are highly feldspathic and contain much 
he ly  comminukl black mica, locally with an abundance of small 
bib of carbonaceous material. 

On Billy Creek a number of interstratified tug beds from 1 to 4 fmt 
thick occur near the top of the series, a few hundred feet beneath the 
base of tlre Cretscmus;. Thme tufla differ greatly in appewmcs 
from the older Jurassic tuffs. Eigller in the series arkoses closely 
aimdating gaaites in appearance are interstratxed with the sand- 
stones. The arkoae appeam to have been derived principally from 
the destruction of B volcanic land maas, but some of its material was 
pos~ibly brought from s monzonite area, M hdieahd by the presence 
in it of fragments of monxonite. Under the microscope the feldspam 
of these arkma by their alteration contrast strongly with the c1mrI 
glassy feIdspsra of the somewhat older crystal tufla already dmcribed. 

A notable accumulation of conglomerate, stretchng o m  several 
quare miles, m r s  in the headwater region of Susitna Rivernear 
Nelohina R i m ,  where extansive glaciation has produced deep tronghs 
that expose splendid sections of it. Perpendicular cirque w d s  
reveal a thichess of not less than 1,100 feet. Here and there thin 
layers of sandstone show &st the conglomerate is lying in h o h n  td 
attitnde. It. ia h m t  exclusively compmocl of Iarga, well-rounded 
bowlders of rrugita andmite and quartz nonzonits embedded in a 
tuflaeeous rnstrix. At the upper horizons the bowldm of andesite 
preponderate. The bowlders of the conglomerate are ellipsoidd in 
shape, md mmy of them are as much as 2 feet in diameter. The con- 
glornerata i s  E t S d  firmly enough to form large bowldera in the 
p m n t  stream wash. Sheeta of lava are locJ1y ixl~rcalated in the 
conglomerats. 

Along Nelchina River, immediately below the junction of the north 
and south forks, the stmirn blue8 reveal an interdigitation of lenses 
of sandstone, 8hdg and come conglomerate. The sandstones show 
cross-badding and contain remains of Aucelle. 

The tbkneas of the Middle and Upper Jurassic rocka is not d d -  
nitely known. It certtbinly exceeds 2,000 feet, inchding a known 
thickness of 1,100 feat of conglomerata. 
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The unconformity between theupper and the Lower J u M o  recur& 
an important event in the dynamic &tory of the area. Below this 
break in atratigmphic sequence the rock me ahat- and broken 
and in many places are rudely wbistose, and the andmiten have 
assulned a greenstone habit and in wvml plaeea have been exten- 
~ively pyritized and veined by qmrtz  and cdcih aeama. Abve the 
unmnformi ty the strata lie in comparatively undisturbed attitudw 
and the intercalated mderiitm m fairly fresh and unaltered, Mering 
in this respect but a h t l y  from the Tertiary volcanic roclts of the 
region. 

The age of t h w  strats hae been determind fmm the following 
invertebrates, identified by T. W. Stanton : 
Lot 6 A. H. 156. Headmbre of Nelchfna River of Copper River dminap: 

Cadwem ap. Many immature specimens. 
Belemnitea. Fmgmmte. 

The horizon b that d the Cadocenrsl mne,' wbkh forms the upper Ulird of the Enach- 
kin formation. 
Lot 6 A, K. 185, Helchins River: 

Plsuromya. 
GadocereaP Fhpentsxy imprint doubtfully tefmed to the genw. 
B elemni tPa . 

The horizon ie &ably In the uppm part of the Enochkin formation. 
Lot d A. K. 136. Billy Creek: 

Aucella cf. bmnni RouiUer. 
The m n e  spedea occum in ~imilw m k  kt the Nab& formation of Kamiahak B B ~ .  

The foesils indicate f a u b  of both late MidclIe J d r :  and Upper 
Jurassic age. It ia intermtirtg to note that the Upper Jursssic rock 
of thia region, which are faunally d i ed  to thme of the Naknek for- 
mation on the weet comt of Cook Met, ahow a certain lithologio 
similarity in the presence of intmshtified tuffs and a r k ~ s e . ~  Fur- 
thermore, an ac~umulation very similrtr to the remdable ande&e- 
granite conglomerate oceumhg on the hadwaters of Sueitns River . 
is found at the base of the Naknek f~rmation.~ 

The h w e r  Cretaceous is reprmented by a single fwmafion-B 
mmsively bedded limestone, 300 feet thick, which overIies the Upper 
Jurasdc ~trata mnfomabIy on the headwaters of Billy Creek and 
Nelchins River, where it outcrops in prominent p y   cliff^ encimhing 
the hilltops. It b is represented by the probably equivalent b e -  
stone north of Caatie Mountain dmribed below (pp. 32-33). The 
 tone at kh0 headwahm of Billy Creek and Ndchina River ie 

1 T h a W - ~ ~ t a M n g h n p p r p s r l , O f t h  Bmhkhlmmtlrrn,bnmbowm~the - W t m  ahale. (% W .  U. 8. Owl. b e y  Pia. r%n, l V l X  pp. a) 
t Stanton, T. IT., and MarLh, 0.  C., Mglosolo sRatlw on Fook fniet: Bd. -1. t?M. M m ,  vol. 16, 

lrn, p m* 
a M a r t f n , O . C , T h e ~ n d & o t ~ ~ o o u l a f M m U  Btlll.U.8,W.hmyNa1W,10a5. 
P 44- 



dwribed by P e e  and Knopf as white and of vev finely sac- 
charoidal texture. On h e &  fracture it emits s strong fetid odor. 
M- ia d y  soluble in cold hyrlrochloric acid m d  evolvea rn abund- 
ance of unpleasant hydrocarbon gases. Qualieati~e tmb &ow the 
pmence of not more than s trace of magnega. Under the m i c m  
wpe the detrital organic origin of thia limestone i~ ready apparent. 
It ia composed largely of imegulw granules of dirty-looking calcite, 
but with thew are twociatad numerous prismatic sections referable 
t o  organic hagment3. Rbombohedrai cleavage is here ant1 there 
finely developed, but the characteristic calcite twinning is notably 
sbaeat. Some of the ciwbona;ta is still in the aragonite form, RB is 
indicated by negative bisxial interference f ~ r e s .  Accesaorg con- 
atituent~ are limpid plagioclwe, quartz wit11 hairlike rutile, horn- 
blende, and, more rarely, augite and apatite. The incomplete con- 
vemion of the carbonate to  the atable modification and tha ahenca 
of twin lamellatian in. the calcite indicate the essentially static condi- 
tions in which the limwtone haa remained sinco its formation, 

The nga determination of this Cretaceous f ormatian is b d  on the 
preaence of A w h  m&Uh Reyserling, obtained by Mendenhall ' 
from a conglomeratic sandstone at the baee of tha limestone. This 
conglomerate may indicate a time break between the Lower &eta- 
ceoua mks and the Upper Jurassic ptrata thst lie in apparently 
conformable attitude beneath them. 

'X'he Upper Csetweous mch of the Mstmuska Valley csmkt of 
about 4,500 feet of ahale and sandstone, d e m t e d ,  so far wi h o r n ,  
wholly in marhe waters. These depoaita haw been recognized in 
this part of Alaska only within the area described below in detail. 
Tha character and age of theae beds were not recognized in the earlier 
inwdigatiom, md they are included in the areas mapped as Tertiary 
by Martin a and by Pige  and Knopf.' It is highly probde Chat 
they &end e a t  of the urea shorn on the detailed map (Fl. V, in 
pocket) and include be& represented on the generd geologic map 
(a. IlX, in pocket) &s Tertiary or as Upper and Middle Jurassic, 

Im,Wdmy,d ~ , A d d p h , ~ ~ h t h a & ~ & d T ~ U ~ ,  
Alauh ~ , U . 8 . a e a l . ~ p N o . ~ , I s o l , p . u .  
n ~ , W . G . , A n r m n t l ~ ~ m R ~ % ~ b ~ R I m , M , f a 1 8 8 1 1 :  Tneartl. 

eth Ann. RopL U. 8. DeoL B m y ,  pt. 7, lW, p. a09. 
a Me&, (1. C., h mnnrdmzmoa of the Y a k m k a  oDal M d ,  -a, In -. Bnlt V. 8. Oed. 

Nm p;o, lrn, PI. n1. 
4 m, Sldaeg, and Addpb. &C -CB In tbe YIuurtnL. W 'IhlLabo* I&W, 

A U W  Bd. U. 8. W- NO. m, 1907, PL EL 



The Tertiary d i m e n t e r y  m k s  of the M a h u l a  Valley have-in 
tbe earlier dewription8 been treatd trs a stratigraphic unit and 
fiun repreeented on the general geologic rnsp (Pl, III, in pocket). It 
has been found possible and desirable, in the area mapped in detail, 
to subdivide thma mb. Three Tertiarg formatiom sre c o r n  
quenltly represented on the detailed gaol ogic map P1. V, in pocket) 
and will be deearibed below. Them formations are, in dewending 
order, the %ka conglomerste, the Chickdoon formation, and 8n 

urnamad formrttion coneisting of arkose, conglomerate, and shale. 
The lo& T868rg roch include a h  vohmid beas and i n h i v e  - 

The subdivkims of the Tertiary have h n  carried only over the 
&Fee of the detailed geologic mfip P1. V), so it is necmarjr fo m p  
the Tertiarg a~ a uuni t .in the remainder of the valley. (See PI, 111.) 
The Tertiary rocks dong Chickeloon River north of the end of Castle 
Mountain are chiefly conglomsr~te and are believed to include both 
the Eska mngl~merate and the conglomerates of the baaal Tertiary 
formation. The area mappd ae Tertiav east of Chickdoon River 
is probably ~cc~pied chiefly by the Chickdoon formation. 

Overlying the older Tertiar~r m c h  unconfomably ie a wries of 
.nearly horizontal b d t  flows, which, with their i n t e d a h d  pyn+ 
clmtio rocke, attain a thich88~ of 1,000 feet. They were 
within the area mapped in detail m1y on Castle Mountain, but they 
are oxhn~ively distributed throughout ths Talkeetna Mountaine 
and compose m y  of the palm and summits of the region. 'They 
weather in tinh of red and break down in charac29ri~tic emaionrtl 
forms which loud a pictumque castshted appearance to fhe moun- 
tain crest line& 

The baalt flows with their interbedded tuffs and b& p m t  
a stratified appemmm. The surfam upon which &me- ~ o l w i c  
mk~ wem accumulated appears to  ham been one of gentle relief, 
cut acrosa the upturned e d p  of the older mch. The discordance 
htween the nearly horizontal basdh m d  the underlying stra& 
variss from 10" to 90°. About the headwahm of Chickaloon River 
tb basalt surfaoe dopee gently northward. Fmt of Chickalcwn 
River ib  altitude is about 5,000 feet. It ie somewhat broken by 
f aulte. 
The baaelts &phy a wide variation in bEt trnd fextum. Highly 

glassy types, amygdaloids, porphyries, and doleriw a m  variously 
represented. They belong to the acidic end of the b d t  family 
tbnd are in general nonoliGtic. 

The basal& overlie the B k s  conglomerate unwnbambly and are 
probably of late Terti~ry and poasibl y of Pliocene age. Their petrog- 



mphy suggeets that they are the effuaive equiva1ents of the diabase 
dikm snd giUg that are eo mmmon in the Tertiarg of the hfatanuska 
Valley. T h m  volcanic rocks of the Talkeetna Mountains can lm 
correlated with the great Tertiary ~olmnic seriea of the upper Nkba 
Valley, dsacrild by Scbader and Spencer, and with an important 
volcanic =rim on Nabeana Ri~er ,  described by Brooks. Both these 
mries are sajd to comprise andmitm, rhyolih, and pymclagtic rocks 
and both were dqmited unconformably upon a general uniform sur- 
face. The volcanic rocks of t l ~  Takeetna region, however, show a 
greahr petrographic uniformity and conkt exclusively of bmdta 
and their fragments2 accumulations. In tb respect they show a 
dmer resemblance to the lata Tertiary 3avas of the Alaska Peninsula, 
and the Aleutian Islands, which, l l t t ~ e  been described by Spurr tts 
andmitin basalts. 

QUATERNARY r>ePorrws. 

The Quaternary dqwsita incIude morainic accumulatiom, tebm 
gmvels, and the alluvial deposits on the present Aood plains, The 
gbhl  deposits and tarrace g r s ~ a l s  are especially welJ de~eloped 
throughout the lower lands wost of Clickaloon River, m~here the 
former glaciers and the glacid stre- were depositing. Farther 
east, where the glaciers wem eroding more actively and whew they 
staod abve the level of the wabm in wllicl~ the terrama wem formed, 
the gravel cover B thin and local. 

me deposits in the valley of the Matanuska are described in detail 
in the following pagm. The Quateraarg deposits on the lowlanda 
Mer ing  Knik A m  are of somewhat diffemnt characbr. 

The bluffs on the allore of Knik Arm in the vicinity of Knik are 
composed entirely of Quaternnv deposits. Tllme at Knik are made 
up of strat5ed aand and gravel, but an exposure geen from the 
stewer %eve& d e s  blow (near or just above Goose BAY) is appsr- 
enby unstratifred and is pmb8bly till. 

The bluffs from Knik to Cottanwood are all of titratifiod sand and 
pvaI ,  as at  W. They h e  to  a generat elevation of about 100 
feet above high tide. The upper limit is s welldefined lnvel behind 
wbich the surfwx is hummockg. At Cottonwood the general upper 
surface level i4 well developed at 57 feet sbave extreme high tide, 
there b e ' i  &o a distinct bench at lfi feet. E q s u  roe of the m~te -  
Tin1 are poor, but the good drainage and the p m n c e  of only wall- 
washed material in the slida indicafea that the gravel ie stratified 
and not a strict morainic deposi%. 

The trall from Cottonwood to &q R i d p  p m ~  through a 
hummocb but fairly well terraced country whose surface grdu~l ly  

I Bpm* J. R., A In muihwwtem Almh b lsBB: m t k t h  Ann. Rept. V. I. aecb. 
pi. 7,1m, P = 



rises towmd Qrasey Ridge. The topographic forms appear to include 
a variety of features of glacial origin, such as eskers, pmibly drum- 
lins, and irregular glacial dumps, as well as bnche9 which may be 
producta purely of glacial outwash but which, presumably, include 
also marine terraces (chiefly constructional). The rise toward 
G r q  Ridge ia accomplished chiefly bp steep ascents from bench to  
bench. G r m y  Ridge b a long, namw, stgepided, rshuous gravel 
ridge on the north shore of Finger Lake. North of it is a meek flowing 
we~tward. The crest of the ridge undulates in elevation, the avarsgs 
height being b bout 36 feet above Finger Lake and 47 feet abovs the 
creek.' The ~idge is probably an esker, though possibly a piece of 
Iateral. moraine. The trail travetsm other similar ridgm wmt of this 
point. 

The trail from Qrassy Ridge to  Moose Creek pwea over a .county 
similar to  that from Cottonwood to G r q  Ridge until it cm~es  the 
second creek, beyond which it rises by a gentle slope toward the bank 
of Matanuska River. It comes out on top of the bank ovcrlmking 
the Matanuska about 3 milea below L s e  Creek, where it is on 
stmtified gravel ah an elevation of abut 300 or 400 feet above the 
river. From this point it runs near the edge of the bank, going over 
flat benches, all of which are apparently* at about the same eleva- 
tion, and in and out of shal1ow drawg and undrained hollows. The 
trail descends into the valley of Mome Creek over s e ~ e r d  well-defined 
'benches, which am described more fully below. 

DETAILED DEBCRVFXTON OF Tm ROCKS OF T13fC-OWER 
MATANURRk VALLEY. 

Oranitic and gneissic mke occupy two a m  dong the northern 
b d e r  of the regjen covered by the detailed m p  el. V, in pocket). 
One of them mom extends from the valley of Moose Creek to the 
hadwaters of Youw Crmk and northward into the Talkeetna Moun- 
tains for an unknown distance. It probably includm tthe entire upper 
parts of the valleys of Moose and h n i t a  ereelm, for the beds of 
thwe streams at the edge of the region mapped on Plab V are made 
up entirely of b o w k  of granite, and no d h m t a r y  rocb could 
ba aeea in the mountains at their heeds. The other m a  extends 
from the divide between Young and Granite creeks to the divide 
between Kinga and Chickdoon rivera and up Enga River probably 
to  ita heirdwaters, although sedimentary m e b  also are hown to  be 
preaent hem. 

I Tlw- of dmtIon mmmrsd Wth a band level. 



DETAILED DESCRTPPTOR OF THE ROCKS. 2 1  

The older c r y s t f i e  mks within the area represented on the 
detailed mBp comprjse granites and quartz dioritaa, many of which 
are more or leaa gnekaoid, and also probably amaller but mdideren- 
tiated mmm of thoroughly p e h i c  and fine-grained schistose rock. 
The granite rocks are for the moat part light colored, moderately 
coarae pained, and of a gr~nitic texture and contain mscrmcopic 
quartz, feldspar, hornblende, and in aome placas dso bio tita. 

Qnebic banded rocks of moderately h e  gr~in, eompmed of quartz, 
feldspar, and hornblende, a m  prmnt on Moose Cresk. Intrusive 
into thme mka are fincqrained whitish granitic rocks of alaskitic 
habit, composed of quartz, feldspar, md very little biotite. Coarse- 
p ined ,   lightly gneissoid gmitm are also preaent in thin locality. 
The gneissoid texturo of these rocks is due to  a rough paralleEEsm of 
constituent minerals which, under the microscope, are seen to be 
mushed, granulated, and bent and to have undergone considerable 
alteration to m n d a y  minerack. T h e  gcanltea of ctataclmtir: 
pissoid habit me composed af primary quartz, alhlic faldspars, 
hornblende, and biotitg and accessory magnetite and apatite. The 
secondary minernls are chiefly quartz, iron oxides, chlorite, and 
epidote. 

On &ka Creek there are both distinctly bmded gnek ia  rock and 
merely g n e b i d  gnmita, similar b the rocks on Moosa Creek. No 
bnnded gneisic m c b  wexe seien wt of Esktr h k ,  but most of the 
g r d  tw along the muthem brders of their meas are gneissoid. 
In the neighborhood of Kings River them are granites of medium 

grain mnsi~ting of quartz, acidic plagiodase (and orthoclase!), 
biotite, hornblende, and rnqetite. mere is some variety in these 
rocks due to reciprocal reletions in the amounts of feldspar and 
fsmrnqgieaien minerals, especially the hornblende. The rocks 
mntaining mom of the ferromagne&n miner& are usudy finer 
gained and much darker in color. S m d  patclra or "incluhns" 
of such rock within the fighter, mamr ~ d e b e s  me very common. 

Along the fault zone which marke their south boundq  the older 
crge tdhe   rock^ are, at several places, as on Eska Creek and on tha 
ridge mrth of Castle Mountain, severely cruhed and altered, with the 
development of epidote, chlorite, calcite, and other minerals, so that 
their ariginaI characters are vety obscurs. In some of tliese deformed 
rocks there is Pery profound veining by irreguEar and mall to minute 
seams of calcite and quasta. 

M E  ='FfOlllP. 

The @tic mcka and the highly metamorphd g n e c  rocks 
wXch occur in &ciation with them constitute a wmplex which 
could riot be divided in the small munt  of investigation which 



wae made on the ma+ df their area. The gn&& rocks are balie~ed 
fo be psrt of a possibly e x e v e  ancient series of metamorphic 
mcks having dose relations with the mica mhista on WiUow b k .  
(Sea p. 15.1 
' 

The gndssoid p n i h ,  which are very certainly younger than the 
rocks just mentioned, may be the representativm of a granite mssa 
which was shghtly metamorphosed and intruded by later non- 
g n e h i d  granitm. On the other hand, they may v q  prob~bly 
be but the locallg altered representatives of one general mms, of 
which the nonguehid pasites are another faeies. There ia little in 
favor of either of these alternativ~, unless it be in the evidence of 
two widely separated periods of @tic intrusion, found in the facts 
that Jurassic rocks are intruded by granites (see below) and tbk 
the p d u r k c  (see p. 17) pgwacke on Rnik Arrn is cornpod of 
detritus from the destnrction of a granite mass." 

Tha arkwic mcks, which am believed to be at the local base of 
the Tertiarg, -mt upon an e ~ e n  surface of granih, contain psbblea 
idential in LthoIogic character with the. underlying p n i  te, and are 
believed Ito have been laid down upon an eroded granite land surface 
(See P1. YJ, A,) The general southern boundary nf the granite srens 
is in mst placm dong faults by which the gadtea nre brought into 
contact with 'both the Tertiav and the Upper Cretecaous rocka. 
{See Ph. VI, 3; VII, A; and XIV, A and B, p. 72.) The gnrnite 
is in contact with the h w e r  Junrseic volcanic rocks and with the 
probably Lower Cretaceous limestone in the rfdge north of the west 
end of Castle Mountain. The nature of the contact at this pint 
is not as clear as could bo wkl~ed. Near the contact the granite 
shows evidence of having been sevmly crushed, and there b probably 
Borne faulting at this locality. The actual contact could not be 
observed at Jose range, so it is not h o r n  definitely whether tha 
&ranite is intrusive inb aither or both of the Mesozoic fonnatiom. 
The contact, as seen in cliffs which were inawessibla, lookgd very 
much as if it were intrusive. On the other hand, the granite is not 
noticeably finer grained near the antact  than sway from it, nor 
muld i t  be seen that the limestone or the h w e r  Jurassic volcanic1 
rocks were mom altered near the edge of the granite mass, 

The date of intrusion of the granitic mass of the Telkedm Maun- 
*%ins ia assigned to the 'Middle Juraasic by Paige and Rnopf on the 
ground that the Upper Jurasaio rocb on the haadwaters- of the 
Matanusksi contain bowlders of @mite identical in clraructer with 
that of the mountains, md the h w e r  IJurmsic t~olcanic mke 
on Sheep Mounhin are cut By a smell mags of graeite. There is a 
- - 

1 Pdge, Blrlnoy, and Knopf, Adolph, &&#to nrwnnahmc# In the Mamlrrkm d Tdkmm* 
& l a ~ h :  Bull. U. 8. Ciml. B m y  No. Sm, 1W, pp. l b l b  

nldam, p. 81. 
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weak poht in this evidence, as the smd granite rnm on Sheep 
h t a i a  is 28 d e s  distmt from the main pa i te  mrrss of the 
TaPkeetna Mountains and may or may not bo contemporaneous 
with it. The evidence is, however, very suggestiva m d  is in harmony 
with the apparently intrusive character of the contact of the granite 
with the hwer Jurassic volcanic rocks north of Castle ,Mountain 
and with what b known of tho date of intrusion of similar granite 
mama not only in Alaska but thoughout the American PacSc 
coastal. mountains. 

VOWAH10 BRECCIA, AaULQMERATX, AND TUFF. 

The Lower Jurassic rocks occupy two areas in the east end of the 
district here under discussion. They occur in n belt north of Castle 
Mountain, extending from Kiqp River to and probably beyond 
Chickdoon River, and in another belt south of and parallel to the 
Matanuska, extending from Carbon Creek etcstwmd far an undeter- 
mined distance. TIley also occupy large areaa in the upper &ttc 
nusks Valley and in tho region north of it, rn will tse noted below. 

These rocks are well exposed on the creak tributary to ChickaIoan 
River from the west a mile above the (;overnm.ent Bridge. The beds 
here .BX@ comist of lavss, aggIomates, and brecciaa of con- 
siderable diversity of character interbedded with tuffs which are 
waterIaid and well bedded and which carry abundant marine fossils 
of ths specieg listed below. Beds of tile same chmacter were seen on 
Doone Creek inmediately behind the east end of @ d s  Mounhin, 
where also fossils were obtained. 

The exposures seen on the mountain nor& of the west end of 
Castle hlountain consist entirely of the more typical volcanic mcu- 
mulations, without recognieecl bedded mch, and reveal more Jtm* 
tion of the mcks k h m  was sean at the wposum h t  described. The 
mcks at this point ars rather of the greenstone type. 

Cod Creek, at a point &bout 1% miles above its mouth, ptresee 
through a n m w  gorge both walls of which are made up of green 
tuff with mgu1ar inclursiona a d  rolled pebbles of red, purple, and 
green igneous rocks. The rocka have EL structure dipping north- 
ward at an angle of 10" or 15", which may be bedding. 
Jut below this gorge, on the eaet bank of the creek, n e r t h d -  

dipping graywac ke or he-gxained tuff i~ exposed in a con tact of unde 
relatiomhip with the comer tuff sean in the gorge. Theae 



beds seem to @s upward into shalss which are harder than the 
typicd shdea of the Tertiary and approach in character the Crete- 
ceous dude on Kings River. Interrbedded with the shale is a &foot 
bed of conglommta of d i f f m t  chmwter from m y  geen in the T ~ F  
ti-. 
A h  the gorp, on the wt b d  of the cmk rrnd 4 aqmd 

at the north end of the high elifis shown on the map nem the edge of 
the sheet, 8t.e mom massive &+grained mcka, which M m e d  to 
be dm tuffacmus. 
The Mmzoio wEmmio rocks north of Doone M k  include a num- 

ber of Eavm, tuffs, and breccia which constitute part of the bedded 
ser;h of volcanic m b  decrcribed by Paige and f iopf  and which 
have a more varied and ec l rkmi~e  de~elopment out~LIe the limita of 
the area bere described in de td .  North of Doone Creek the fol- 
lowing mcka were seen: Felsites of creamy white and drab C O I O ~ ,  
the farmer mntaining phenocrpta of small white feldspar and black 
decomposed biotikt (1); brownish-green namm-banded  tuff^ of fine 
angular, clwtic texture; dark fiae-grained f r q p e n t d  m b  studded 
with small white feldspar crgstals; banded fosailifems tuff8 com- 
p o d  of a.nguIsr bits of feldepar and hornblende or other dark mineral 
or fragments of dark rock; stxatified bmcias in which angular frag- 
ments of porphyritic or felsitic rocks are embedded in r matrix of 
only shghtly difTemC appearanca, awatuabd on weathered aurfwee; 
and Mack aplienitic vesiculef b d h .  All thw rock8 are much 
weathered. The pmalent gmen color indicatee general develop- 
ment of aecondwy minerats ancE dmmpositian products. Same of 

rocks are severely cruahed and shattmed and in them e p i d o b  
tion and chloritization are pwticularIy pronounced. These rocks are 
intricahly interlaced with smdl quartz and calcite seams. Paige 
and ELnopf found among them rocks mainly and&-, dacites, and 
rhyolitea and their ;tuffaceaus equivdeeta. 

Marhe f W  were collected from the tuff beds e x p o 4  on h n e  
Creek m d  on the creek north of it. T h m e  have been identified by 
T. W, Stanten aa follows : 

tlMS. Creek entering Cbichloon River born wmt 1 mile above Government Bridge. 
Elevation, 2,ZOQ feet. 

Rhynchonelle sp. 
Pecten sp, a. Smooth form. 
Pecfm BP. b. B-Iy ribbed Vola Qp. ' 
Fechn sp. c. Large, at, meribbed folm. 

r m h g ,  .nd mopr, ~doiph, aealoglo rec- la = miaaw&.ad - - 
a BUU. u. g. CMI. ~ U T W Y  NO. an, lw, pp, I ~ S -  



W7. Doone h k ,  at. mouth of gdch, 3,950-foot pint, hverae of Augwt 30. Float. 
Etbynchonella ep. 
Pechn sp. a. 
Pecten sp. b. 
Pmhn up. d. 
Trigonin? sp. 
Cardinia? ep. 
DemzeraaP q. 
be era^? w. 

6706. Cneek entering Chlckslwn River from wwt I mile above Government Bridge. 
EEevation, 2,000 feet. 

Fecten p. b. 
Deroceraa P q. 

C707. Grsek enbring Chickdoon River from west 1 mile above b i o m e n t  Bridge. 
Hcat from b m  of ah, 

Rhyncbonella q. 
Gryphaea? sp. 
Ostrea sp. 
Paclen sp. 

Probably J-ic. 
6m8. Greek entering Chimoon River from weut 1 mile above Government Bridge. 

Float sbwe fslla. 
Pecten mp. 
Several undetermined ma11 pelecypod~. 

P d b l y  3&c. 
6709, On mme creek 8s 6,708 at elevation 2,200 feet. F m  dm. 

Casdinia? w. 
Z d c .  

b o x  M m  O O ~ T I O ~ .  

The folloPlring atatanent concerning the age and correlation of the 
buns  found in these Gads has been submitted by T. W. Stanton: 

The lots alumbered W, 8697, 67064709 am r e f e d  to the J u d e  and are prob- 
ably ImRet J d c ,  though the paleonto1ogic evidence for the latter reference is not 
m full an ia deuhble. The foeeila are cerWy horn the m e  M a  from which 
Mr. Knopf collected hb lot No. 201, on the head of Matanmh River, in 1908. Mr. 
Knopf'a collection m at that t h e  doubtfully referred to the "Enochkh formatfon," 
but K am now inclined to coneider the beda from which he collected equivalent to 
the mppoeed Lnwer Juresaic near 8eldoria and to regard them as b e r  J d c .  
It i~ h e  that not more than two or three apecia have been found common to the 
di&mnt localities h m  which theae fossils have h a  collected, but the general char- 
s c ~  of lthe fhunain each c a ~ e  i~ ~ q p t i v e  of h w e r  J d c ,  and it i~ pmbabls that 
more q~1;~mat ic  collecthg would prove tbat the diB-5 lob M y  belong to a 
5ingle fauna. 

The f d  ~ U B G ~ E M !  by Knopf and referred to by Stanton in the 
preceding paragraph have been described as f o ~ ~ a r n : ~  

. - - -- 

1 TWge, Bldmy, and .Knopf. Add* h l o g h  In Os Ma- e d  Tdkwbm WuW, 
Almk~ B r r l l . U . s . ~ 8 ~ H a m , P 0 0 7 , ~ l a  
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The fosdI~ found in MB amdated with the greenatones were nabmitted to 1, W. 
Stanton, who repod @ fouom: 
6 A. R. 201. Fodifemua mi%, wmiated with hvss and coarse pyrocMc$ hIn tbe 

head of M & t a n ~ ~ k a  Rim: 
Rh ynchonel b. 
Lima. 
Petten. Bmmth q e d ~ ,  
Pecten. Species of Vola type. 
'Ikigonir. 
Aatarte? 
P , M h  
PIeurornya. 
Sonninia? 

The J m i c  age af thk lot ie clwly ahown by the fwm of ?he and of the 
ammonite (Sonninia?). The general aspect of the fa- is hat of the lower part of 
the Enochkin,' though it may be mmewhat older tban the fauna in lob 88k and 
88B. With the exception of the Voh-Iike apeciee of Pacten there is nothing in it to 
mgg& the h w e r  Jurassic fauna of %ldovia. 

T h e  assignment of this fauna to the Lower J d c  rather than to  
the Middle Jurwic is in hmnony with tho fact &at the Middle 
J u m i c  of Cook Inleta is not known t o  contain volcanic be&, while 
the Lower Juragsic of Cook InletJ doea mritain volcanic be& of 
lithologic c h a r m  strikingly similar to that of the bads hero under 
diacu~an. 

mma ~ ~ T A C I E O V ~  (PI BOC~B. 

Limeatcine ooeurs north of Castle Mountsin in rs belt +thin which 
there is one large arsa and at least three smaller ones. Tho best 
exposures are on the ridge north of &e west end of Chstle Mountain. 
Other expos- were seen at the head of Doone Creek and on the 
next m k  north of it. 

UTHOLOQlC -UTE% 

The lim&stone. as seen on the ridm north of the wmt end of Caatle 
Mountain, is blue and gray to  wbiL, of h e  to  medium grain (cry+ 
tallinity), much shattered and full of minuta calcite veins, and as 
seen on top of the ridge d l  bedded (in beds 6 inches to several feet 
thick) without decided change in lithology from bed to bed. Tbe 
westemmost exposure on top of the ridge, a amall, isolated outcrop 
at an elevation of 4,700rt: feet, contains be& which are deoiddy 
cherty. 

1 ~ h e l ~ g a r t o f ~ ~ ~ t l r m L a n o ~ b r w a a ~ t h e ' R r x e d n i ~ n n ~ 8 .  
akf&@Q.C.,andE~ts,F. J . , A ~ o ~ ~ ~ l t h e I t l a m n a r e g l m :  Bull.U.8.W.- 

No, 485,1812, pp. 58-88. 
a x ~ m t ,  F. H., Gad f l d .  cd the TmmpIn A m  r@m Ball. 8. I .  W. I- Na lm pp 

Wak- 
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Tbe Iimedona exposed on the ereek north of Doone Creek ia at the 
h d  &bout a d e  above the mouth of the creek. The exposure is 
m the form of a vertical comb of crystdine cherty limestone at least 
M) feet thick. Ths trend of the ~ertical maw, vhicb is posnibly the 
strike of the limestone, h N. 45' E. No bedding was recognized. 
The rocks on the east side are mncealed by a moraine. West of the 
beakone outcrop is a mam of sticky reddish clay. 

The grain of this limestone ranges from subcrystauine to th&t of 
loaf sugar. It is mostly white, though numerous p&h maasea 
were men. The pi& color ig largely, but not altogether, on tba s m -  
face. M m  of ahert and aherty limestone are abundant. No clearly 
bedded mimes of chert were recognized. The appearance of the rock 
mgpts that whatever bedding it once possessed i~ now entirely 
dmtroyed by the shattering and racrptdization which it hw under- 
gone. 

ITBaTIQBbPmO BBUTIO-. 

!be h e ~ t o n e  an the emt of the ridp north of Cmtle Mountain 
lien in a oIwly crampmd overturned syncline and rests upon 
somewhat altered rnjcmic rooks which are considered to be the same 
as the h w c r  J u m i c :  volcsnics with which they are areally con- 
tinuom. (See PI. XV, p. 72.) hn exposure on the west end of this 
r idp show the rocb in direct contmt and small pebble-like fragments 
of the p m t o n e  embedded in the lower 2 inches of the limestone. 
Tbeae fragmenb give evidence that the bes tone  overliw the 
p a s t o n e  ~n~oaformably~ 

No fm~ils have been found in the limmtone of the diatrict here 
described, so the dehrmination of its age depends on the loed 
stratigmpbio evidenoe and on correlation with the rocks of neighboring 
regions; 

It hns d m d y  been s h o w  that the hestone mta oncx)nfomab1y 
upon Laver Jurassic rocks. The Middle and Upper Jurassic rocb 
of the upper part of the Matanuska Valley show a complete seqaenm 
of several thohaand feet of strata in which lh8~tones  are absent. 
The Upper Jurawio is overlain, on Bily Creek and Nelchina River, 
by a ml~ssively bedded limestone at least 300 feet thick, at the base 
of which are h w e r  Creteceous fossils. Although there are differ- 
ences in tbe fmturea of the two limestones, they are such ae. might 
b explained by the fact that tho two occumncm are 25 d e s  apart 
and in structurally different areas. These limeatones are hem 
pmvbiondy correlated and referred ta the Lower Cretecmu~. 



The Upper C ~ e h u s  roth mper a h % e  area in the central part 
of the ragion hem described. They include all the exposares of h a d  
rock in the b& of M a t a a h  BPBI from a paint 2% mil= below 
Chickdoon Rivm to Momm h k  and o m q y  & d the. valley of 
Granite Creek 6 d m  nbove its mouth, mu& of the npper part of the 
vaey of Young Creek, the west side of the  alley of E q a  Rimer 
from 6 to 10 mil- s h v o  its mouth, tha low biHs between  king^ River 
and the M a t m d a ,  and a small  area in the valley of Carbon Cmk 

The roaka consist of shale and sandstone, having an aggregnh 
thickness of at least 4,006 feet, of which the lower half is practically 
a11 shale and tb upper bdf consists of nltermtbg I d a  of s d t o a e  
end shdq the famar predominating. Com&me&e ia present, 
but not in thick or abundmt be&. Tba moat complete o h m d  
seetion is in the gorge of Granite Creek and in recorded below. Other 
good seetiom me expoaed on Eqa River between the main trail 
md the coal camp and in the cEf31 of M8tanuah River. Many of 
these cpifts are not acmesible for dm study except at a ~ e r y  low 
stage of the -tar. 

E k k  U e  at hm, overlain by thin-bedded gray adatone, mme 
of which ia very ~e and haa mt~rted laminse, and gray or h b -  
gmy a l d a  (beds am interl~~ved m l y  more t b n  8 
inchen thick) ............................................... 

............................................. B k k  ssndy &ale 
Thiu-bedded gray md&ne and d d e  .......................... 
Black nodular M e . .  .......................................... 
Sandatone, minly thick beda *but I feet thick, witkt thin inter- 

bedded mhdeu. ............................................. 
..... Interbedded blwk shds and tbh p y  mdetma md M e .  

................. Mwuivs mnhtone, feldspathic and micscsnua. 
Interbedded p a y  ehale, gray mdstone, and blsck shde .......... 
Sandatone.. .................................................. 
Alternating beds, 1 lo 8 feet thick, of gray d y M e  and B k k  

shale ....................................................... 
gimilar beda in-gly to dominantly mndy and light gray.. .. 
Park-co ld  sandstone and mndy Bhsle., ...................... 
Lightvy  m h n e  including nave4 thick, d v e  b d n  and 

..... m e  very thin &alas (in wt bank; &mated thichees) 
Dark  halo in bed8 alternating witb thin gandetanem and 

colored &ale ................................................ 



Bmdstone, h v y  lmdtied at the iap ht m t l y  thin bedded 
(kh 1 to 2 feet grid 1- than I f d ] ,  with many W o f v e r y  
thin M y  f i r a n h e  having contortad la&; a h  a few t b  
&ale h d e  andan hcresaing number d dnrk ahales in the lower 
y t  ....................................................... 

*M ~ n d  fw r,m fest along the 
c m  quhhttam sstimatedatmmhic of..... 

Dark b M = b l &  -dy ahla outcropping for 200 &ti in a direc- 
tion about N. l T O  E.; strike M. 40° 6 .; dip, M0 SE.; computed 
thicknem.. ................................................. 

Expawre intermpbd and inacckble for 800 feet along the creek, 
equivalent b an &hosted ~ ~ p h i c  hted of. ........... 

&d d& blti&hclf M e , '  outcropping for shut 260 feel in a 
direetkmDI.li'oE.; mkike,N.2U0E.; dip,g0*,toBSnSE.;com 
puted thkhdm. ........................................... 

Expure intermptd and kac&&ble for about 200 feet dong the 
... m k ,  equivalent to an estimated etratigmphic interval of.. 

Hard dark blueblrtck shale,' outcmpphg for 4013 feet dong tha 
creek in a diroctior~ N. 17O E.; mike, N. 4 7 O  E.; dip, 5Q0 BE.; 
computed thkkneea ..............................*........... 

Exposu~e i n h p t e d  md inaocBaaible for 100 f 8 ~ t  dong the creak, 
equivalent to an eetimated stratigraphic interval of.. ......... 

aard dark blue-black shale,' outcropping for tibout 1,000 feet 
along the creck; mtimated thiche~. .  ....................... - 

5, mzt 
No eapomus for 7,m feet. 
Pmem1md1 outcrops thm& 1,200 feet along the aast ba& of 

the c m k  h a  northerly direction; w e ,  N. 23* E.; dip, 49- RE.; 
mputsd thieknw .......................................... m* 

The mtion on Granita Creak was rnessured in the gorge that 
begha I) d m  above ite mouth and extends northward for 2 miles; 
in thia distance expoaum are almost continuous on one or the other 
bank, and in some placw on both banks of the s t r e m .  It is assumed, 
in w p t i n g  this nection and thickness, ths t there ia no repetition of 
the beds by faulting. The expoam are not of such a charactm as 
to make thia an sbolutely safe assumption, although the absence of 
oherved fad&, or of beds which seem to be repeated, and the fact 
that the ridge on the eaa t of the gorge present# an unbroken dip slope, 
suggest that the section i~ an unjnterrupbd and unrepeated mono- 
GLind mccasaion of beds. 

The mka m p a e d  in the gurge of Granite Creek are aoutheaatward- 
dipping sandy shslw and flqgy sandstones. hoceramus and other 
Upper Cre.tsceow ffosails were collected fmm the shdaa of the lower 
part of the section, in the p i t i ons  indicated. The aandgtones, 
which predominate higher in the aectian, yielded no fmils except a 
fragmentuq nuculoid form. No plant fossils were seen. 



These rocks dB& JithoIogically from the Tertiary rocks of the 
region in that the him are considerably more indurated than the 
Tertittry shales. me Upper Cretaceoils shales are prevailingly 
black--markedly so in the Iower haIf of the section; the Tertiav 
shdm are pravaiiingly gray, being bhek ody vhere they are hig& 
carbon~ui3,  and there containing many thin cod titredm The 
Upper Cretamous &dm break on clearly deked bedding axld joint 
plmea; the Tertiarg shales bra& into shapeless massas. The former 
weather into masses of undmmposed ahde pieces, on which bedding 
and either joint planes or mnchoidal fractures determine the sharp 
edgea of the fragments. The latter break down into smd,  nonplaty, 
shapeIws mass= and dust. The Upper Cretamna sitndstoners are 
darker, less inched to be arkoaic, more indurated (that k, jn general, 
although some beds in the T&iary are very hard), and more e v d y  
bedded. Very h e  pined 1 6 t d  micaceous and flaggy sand- 
&nea am chmwteristio of the Upper Ctretrtceous mk~. The thin 
laminae of thme he-grained sandstone8 are irregularly contorhid. 
Other criteria for distinguishing these mob from the Tertiary mka 
me the absenm of ma1 and the rarity of fossil aticka m d  of lmea, 
the prmmm of hcoidal mar- in sandstones and of marine 
fossils in the shales, the presenoe of thin beds and nodulea of v e ~  
had reddish-qeatbering mndatone with curved bedding, the greater 
mount of shattering, mbnd the greater a h d a n c e  of thin calcite 
veins. Beds of h e l y  cong1omeratb sandstone with mttered sub- 
rounded blmkpebbles from the &e of bird shot to that of a pea 
are present in and are chawteristic of the older mb. 

The featurea daacribed blow, shown at an exposure of bl~iah-black 
&BIB in the gage of Eiqy River 8,000 feet above the bridge on the 
main trail, are chmcteristio of the dark shales that form the lower 
part of the Upper Cretaceous wction. Although the m k  looks slaty 
0x1 large ~~, when atruck or w h  a mass- falls it bre& into 
irregular lathlike pima aeveral inch= long, an incb or two in width, 
asd half an inch to sn inch thick, owing to  a very uneven jointing 
perpmdicnltbr to the bedding. Perpendicular both to this jointing 
and t o  the bedding is the major jointing, which is verg ve;U d h e d .  
Tha sbale contains nmerom bard nodules from half an inch to I0  
inches in diameter. These appear to  consist of the materid aa 
the shale. In places they weather out, lea* an iron s t a h  No 
leaves or ctarbonaosous materid were seen. 

FA-A MBk 

These rocks possess a distinctive marine invertebrate fauna whids 
has been rwgdzed by the presence of abundant In-us at 
m y  Iocaliti~, The f o d s  are more abundant in the shales which 
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make up tbe bn& of tbe lower part of the formation, a1 thou& hacera 
mua was seen in the bighsr sandy beds. 

The fo'llo~ing lists of fossils were submitted by T. W. Stmton: 
6889. Granite Creek, wmt W, between elevations d 3,000 and 1,060 feet: 

Fthynchoneh? ap. 
Inoceramus q. Very large c o m e  form which hae been mUec~ed on 

.Ahks Panhula north of A i e d  or Dough villagg. 
hmmramu~ ap. Related to I.  Iabia2ue. 

U p p e ~ C r e W u ~ .  
BBW). North, bank of atmuah R i m ,  nt lower end of lower gorge 1.1 milea nmth of 

M m w  Creek: 
1-UB ap. 

Upper flotaceoo8. 
Bfssl. ?hit bank of Kinpi Itiver at Coal Camp: 

Imramun np. Fragment d large, f lat apeden. 
upper Cretaceom. 

W .  PW between Riqp River and Young Creek: 
Rhpchnnella? ~ p .  

Enocemua q. 
Upper Cretaceous. 

W. Kiqp River, east ban%, three-fodm of a mile blm U. 8. L, H. No. I. 
O~ltrea sp. 
Inoceramw q. huge, c o m p m d  epocies, IW in lot 8689. 
Diplomoceraa netabile Whiteavea?? Fragments of a large specimen, 

Upper Cretoceoua. 
8895. North bank of hhnmka llivsr, at upper end of lower garge at mouth of Enkn 

m k :  
Inocemnfl~ sp. bgment. 

Probably upper h t m e o ~ .  
fM6. Creek entering Gmnita Creek from mat 6 milen above main trail, about half a 

mile west of and 470 fmt in altitude vertically above Granite Creek. 
Inoceramu~ ap. Probably puhg  of ]age apciae  in lot 8689. 
Phyllcwcrsa sp. 
Nemodoo? ~p. 
Amberleya ap. 
Pachydkeua sp. 
Desmocaradl sygst9 Forbedl 
De~rmocrras? ap. 
Animcens? sp. 

This collection k clearly of Upper Cretscewa age and bslongn to the general Xndo- 
P M c  hum, which ie well developed in India, Jspm, Gakhdh, Vanmuver, gnd 
Cslifwnis. 
ti699.3,35&Ioot h o b  I mile north of east wd of Chain U r n :  

Fragment of an undehmined echinoid. 
3orizun not deWnabIe. 

6700. Emt bank of Rings River 0.36 d e  above mouth: 
Inocernmlra sp. 

RobahIy Upper Cretaceolta. 
a 1 .  North bank of Matmuaka Ever a milee e& of m i t h  of Enga R i m :  

Inoceramtm sp. 
AoWly upper Crek€m& 



8702. ICast bank of Gtlge River om-fourth of s mile sbvai@- e: 
Jnmramue ap. 

Pmhbl y Upper Cretaceoue. 
8706. Kiqp River, wt b d ,  3,mf-t b e h  manth af Little Khge~ 

lnoceramus qt. 
Aobably Upper Cretmeoum. 

67M. Carbon Creek 3,875 feat above mu&: 
Inoceramue q. 

Probbly U p m  Cletacmu1, 
8705. Young Creek, in float: 

Inucemnu~ up, 
Probably Upper Grekeum. 

Soma fowils of more or 1- problematia char- were seen in the 
sandstones on Rznga River, on Coal Creek, and eb~t~heq,  in gesociae 
tion with large shells and fragmenh of hocemmus. W . f e l l a e  
report on specimens from Kings River has been submhtd by &bur 
Hollick. 
5893,5894, " K i w  River, at &ad Wp:" 

Remains and mar- of uncertain identi*. Une s b  appmm to be 
- af3pimpl-i- O t h e m m y b e l ~ m ~ b o r ~ m .  

Age not determind. 

Fossil plants ef s p i e s  &a there in the local Tertiary forma- 
tions were mU&d fnrm bxls which lie a short distance below the 
contact with the diorite mass west of E i q p  R i m  and which were 
regarded as occurring in the npper sandy part of this formation. 
The following report on this collection W%B d e  by A&m Rollick: 

5 S 9 8 . , u ~ ~  (34)nt emsonth ofpondontopafmpunt&btppen~;Aiver.nd 
Young W k ,  mil- N. IOq W. h Kiqy  Rivet B*:" 

Equj,tnm mtim Heer? Bpximens very e n * .  h e  pima 
might equally well be referred ta E. mbwtum Newb. 
GIypbmtrobne uwri Heer? Fregmentary remaim of a hetemphylIoua 

conifer, some of which might equdl y well Ix = f e d  ta J- tmthia 
Heer. 

N g m  d a  Heer. 
Ariatolochis ap. Thh ia in great abundance and ia wry -19 in form. 

Some apecimem am hardly to be distinguished from cartein form of Populna 
axctiea Heer. 

T h i n b a m e e g e t a n d m o r e m ~ e e a ~ t o m y e ~ ~ a ~  T b g e d k m  
d h n t ,  however, tbat of any other colI&ion from the Matanmh fi&. M, 

The marine fauna contained in these rmke e h  $bt $hey are of 
Upper. Cretawoue age. T. W. Stenton has sub&ed the followhg 
statement regarding the and relation of this fauna: 

Of the Iotareferred to tha Upper bhmmm thm nmmkwl W9, MM, awl- 
are c&y of that mge and belong to the Upper CI'BCBCrnn C a m  w W h  bmn wc- 

a t  kveral pinQ on the Alaska Peninsula and ie part d zhe mneral Indo- 
Pacijic fauna found in the Chico formation of Cslifomia, on Vancouver, Xdand, in 
Japan, and in India, Moet of the other lots in this collection, ref& to the Crew 
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egous, contain d y  fragmstlEary apacimem ot Inoceramus which are not d c i e n t  in 
themmlm for diacrimbtion betwean Jurassic and Cmhceous, thou~h it ill; probable 
b t  h bpenta  belong to the mm species lthat mura at other lodities in the 
n + h b o W  w h m  tSte Cmtwmue wge of the mke ia debitety determined. 

The problematic foasiln ocew in immediate ammiation with a large 
form of hocenunus and am thus Ew>m to be Mmzoic, and a8 they 
are famd &we the horieoasat which the mom chmaaterit~tic Upper 
Cretacteow fauna occurs, they are cwsequently Upper Cretnceoua 
also. Thwy are not mE~&tly characterifltic to yield of themselvw 
independent evidence on the age of the rocks. 
T h  fossil plants of ht 5898 wem ~ U e c h d  from beds whioh am 

~ ~ p h i c a l ~ y  fibme %he highest beda containing obsewed marine 
Ckctaceoas.Auns but which arc litholo~cally identice1 and apparently 
~ ~ ~ p b i e ~ l l y  conformable with them and are 1ithologiGally unlike 
m y  of the ham Tertiary beds of this region. These M e  sne con- 
aiderably more indurated than any of the local Tertiary rock exwpt 
those which have been invalved in the intense deformation in the 
mounttin d o n  n&h of the M~tanuska Valley. The field relations 
'comqumtl~ indicafe, though they do not prove, that t& flora is 
older than the Testiay floras described below and mggest that it 
belongs in the Upper Cretsceou~. The flora ia aomewhat different 
in charwter from the hown Tertiary floras but is, nevertheless, mom 
like them than it is like any known Memzoic A o r m  

The Tss t i q  recb m i s t  of tbree sedimentary formations over- 
lsia un-si,lp by btwaltic lavaa and tuffa and intruded by many 
dikes, d s ,  and atocks. 

ARKOBE, CONGLOMERATE, A N D  BRALIE. 

The rock% p u p d  mdar the above heading are found in a b l t  
exkending along the northern border of the Matsnuska Vdey from 
the Little Susitna to Chickalooxl River. They m h o w n  to occupy 
a q q a g i & d  area in the Talkeetm Mountains S e t w m  Granite 
W and Kin* River and probably mmr at otber poinb within the 
mwtrrins. They ham not bmn mmgnbd south of the great fault, 
which, throughout tho area represented on the detailed map (B1. V, 
in pocket), marker tb northem edge of the Mataamka Valley proper. 

The ark-, oonglomerate, snd a U e  are highlp indurated, in thb 
as in other 1ithoIogic characteristics, M e r i n g  from the other 

Tertiarg rocks, described on pagas 42-54, 



The roch e x p d  in the ridge north of Moose Creek am principdy 
mkose, with a few beds of 8hde. The arkme ie h e  pined and can- 
glomeratic in places, but tha conglomemtio feature nowhere predomi- 
nates. The rocks have a dark-brown ta pay color and contain all 
the emential constituents of granite. Quartz, feldspa, hornblende, 
biotih, and d o r i t e  can ba emily m o g n b d .  Locally the feldspar 
is much kaolinimd. The chlorite giveg the whole rock in p lms  a 
p & h  tinge. Much of the h o s e  aamewhat resembleg an igneuns 
rock. Some of it ia so much like granite in appearance that its sedi- 
meritmy c h m t e r  is recognieabIe only by a few rounded pebblm and 
carbonized plant remrciae. On the other hmd, the ukase grades into 
conglomerata so thttt no definite line can be drawn between them. 

The  exposure^ on the northern slope of the ridge {see P1. Vm) 
show a thickness d over 1,600 feet of bedded rocks with no fault*. 
The outcrops on the crest of the ridge consist in some places of croas- 
M d e d  granitia arkoae tand ia othere of fnmgraiaed cunglomeratio 
arkme with small amounts of sandy shdas and micaceous sandstones. 

The conglornerah aeem to be beat developed north of Castle 
Mountain, where they plrs f&ulfBd &g&ifl8t the E B ~ L  rwnglommte, 
giving an exceUent opportunity for t.he recognition of tho essential 
lithologio charsetmbtics of each formation. The foUowing is a 
description of beds exposed jn the creek entering Chickdoon Xver 
from the west a mile above the Government bridge. This c t d  

emerg- at an elention of about 1,500 feet from a gorge with over- 
hanging walls of sandstone and conglomerate. The mnglomerste 
ia the fme-pebble, well-induratd ldnd seen in Doone Creek north of 
Cwtle Mountain. The pebbles are mostly under 1 inch, though s 
few are 2 or 3 i d e a  in greataxt dimension, and are moktly of quartz 
and dark quarartzita, the latter most abundant. They are not well 
rounded and are aet in a m a t h  of f ie conglomerate or aome grit. 
The sandstone is more bduratd than that of the Chiokaluon forma- 
tion and memblee more closely some of the eandstoneg of the Upper 
Cretweous. 

Conglomerate extends up the cmek to an elevation of 1,660 feet, 
giving tr thicknem of several hundred feet. It beoomm comer 
upstreem, containing numerous pebbles 3 to 5 inchm jn lemgth. 
Some 4inch pebbles of shale were seen. At no point do flreae be& 
resemble those of the Eska conglomerate. 

At elevation 1,680 feet there is a sharp (Mt?) a%& of mn- 
glomerab with ahale which mmbles  thet af the ChiGkaIoon forms- 
tion, but & somewhat more indurated. The bedding of both mh 
and the contact plane are vertical. The contact strikes N. 55" E. 
The shde is of no great thichem and i~ m d e d  a short distmce 
upatrsam by conglomerat&. 
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Conglomerate, sandstone, and shale in rapid alternation extend 
from elevation 1,660 feet to 1,780 feet. The wng1omerata pre- 
bniua tes  in the exposures, but the three rocks are probably of 
about equal bulk, 

At elevation 1,780 feet is an eorposnre of much broken sandy ahdg 
m e  beds of which are very carbonaceouts, h e  or two beds, now 
reduced to a cmabed mass, are so blacrk as ta suggwt that the beds 
were coal or coaly. Thme are less than I foot thick 

LTBbTSB-0 aELaTIOBEI. 

The arkmi0 mh rest upon an approximately even surface of 
grmite, this contact being rst all observed pohb parallel to the 
bedding of the sediments, The contact in the mountain west of 
K h g ~  River at the edge of the area shown on the detailed map (Fl. 
V, in pocket) ia at an elevation of about 4,500 feet and, like the 
bedding of the arkme at this point, is practically horizontal. The 
m h  are more steeply folded in the valley west of this mountain 
a d  in the ridge north of Young Creek, but the dips, which are domi- 
mt ly  aorthmt, are essentially parallel to the basal contact with 
the granih. The same cundition exisb in the ridge north of Wish- 
bone Hill exaept that bhe bedding md the contact with the granite are 
both steepIy inclined toward the south. Similar conditiom appar- 
ently exist on the ridge north of M o m  Creek. (Ses PIS, VII, I?, 
p. 28;XTV, A, p. 72; and XV, p. 72.) 

Ths contact of the b a ~  of the arkosic m k s  with the granite h a 
h m t q  contact. The evidence for this stakment mmkts in 
the uniform parallelism of the contact with the bedding, in the 
absence of any recognized marginal faciea in the granite or of any 
apophyses from it, in the presence in the arkose of detritus similar 
to the grmite in compo~ibian, and in the absence of any contact 
mebophism in the sedimentary rocks. The lack of evidence 
that there are granites anywhere in AIaska which are young as this 
arkom is corroborative evidence that this grmih ia not intrusive 
into the arkoss. 
The arko~ic roclrs are also in c o n b t  with the other Tertiary rocks 

and with the Cretaceous and Jurassic sedimentary rocks. Them 
mntacta, BO far EW observed, are faults. (Sea PIS. XV and XVI, p. 32.) 
The absence of any obmmed sedimentary contacts of the arkosic 
rocks with the Upper Cretaceous mcks which should underlie them 
or with the other T e r t i q  formations which, it is believed, should 
overlie them leaves the exact stratigraphic position of thwe beds 
more or less in doubt. These rocka have been separated from the 

ia other Tertiary d i m e n t q  b& dwribed below on the basis of their 
4 pdominantlp arkosio charmter, greater degree of induration, and 

abmnce of coal. There is Little doat  that these mks am for the 



most part low in h locd Tertiary sequence md indude the b d  
be&, although pmsibly the aswmb1~a represented on the map 
inc lub  in p& the marginal h i e s  af m e  beds higher in thm Tm- 
tiary, as well as higher beds not necessarily marginal but now occur- 
ring in atmeturd wneg in which they h=ve ddorroed to a degree 
not p-itting th& sepap8tian from the baa%] or mal deposih 
The thieknw of iibe M e -  w d s  2,000 i d .  

Fossil plants ma abundant in many of the ~haly beds of this p u p  
of roclrs, but are in general not well preaemed on account of the 
intense deformation which the rocks have undergone. The following 
spmiw were identified by Arthur Hollick f rom material m l E d  by 
the writers in 1910: 
W. Bhwp Valley, B),milm N. 7* E. af Ilnwrth d gings River, eIewtim 4,400 feet: 

Fopullla arctica Heer. 

Paige md 1Cwpf colI&d the fah- +, which wsm iden- 
tised by F. H. h w l t m ,  in 3906: 

Arkoee Ilidp, d d Moose Greek: 
T d i u m  dimtichum mimenam IT-. 
T d i u m  tinajorum Bear. 
Popdm q.? 
Ficu'l griW&icaf Em. 
?&urns colombi Heer. 
Fruita, cf. Legwninonitessp. 

Age, apparontl y Kenai . 

The Chickdm hmation mvers tha p a b r  pwk of the ~ d e y  of 
C%ickdoon River, south of Castle Mountain, or aoutIi of a point about 
6 d e s  in an air iine ebave tQe mouth 5f that stmam. T b  area 
extends west bo Kings River, the same f @ d o n  cumupyhg tb 
cash b m k  of Kings Eimr between points about 6 mile% md 8 
mil- shove iik m a t h .  It dm exteods south 'd  Matanwka River 
from a point 23 miles Idow $he mwth .d Chickahon River at least 
b a point 4 milea above ita mwth, m d  it extmds erst af &e area 
whtch WM r n m d  for an unlzmm diatsnoe, possibly EW far as the 
mouth of Hick %&. 

Tha s a w  formation eo0u.m m t h  w n d  de6ded meas ia the & 
v a I 1 ~  of Rhp River, one of d c h  Is on the banks of E M  River 4 
ffom 6 milsa to 6) maw e h  its mouth and the other two are on 
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Young Creek near its mouth and in the upper part of ita valley. Tha 
outcrops in the weas near the mouth of Young Creek and on Kings 
Rimer 6 d e s  above its mouth are possibly parts of the same mass;, 
the apparent dhantinuity- being due to the preaenm of a gravel sheet, 
which conceds the underlying m c b  except in aM8. 

The Cbickalmn formation is alao expoged in the bmb of &ka 
Creek, on M m  Creek, and on the north bark of Matanuska River 
for about a mile below the mouth of Moose Creek, T h e  expowrss 
are probably all pasts of one general body, much of tr.hi~h is aovared 
by gravels. 

UTHOU~OW a m o T m t .  

The Chickdoon formetion consists of a rather monotonous sacces- 
i o n  of shales and andatonea. The shales, which pdominate over 
the  sandst ton^ in aggregate t h i o k ,  are gray to drab, rather eoft 
md inclined to disintegrate on exposure, poorly bedded, and without 
well-deked joint planes. Moat of the beds are rather gritty and 
vary in gnin along the bedding. Tbey contain many nodules and 
linm of noddm of iron carbnah, same of wbich'fom fdrly per- 

. &tent b&. Tbe sandatones am yellowish, m h r  mft, of diverse 
grain in the d i f f m t  M s  and of varying grain in the game bed, and 
for the most part feldspathic; in general, the individual beds are not 
very p s i a t a n t .  The t$ieImess of the formation ie doubtful but 
appears te be at k t  2,000 feet. 
F d  leaves are p m n t  in both the shalen and the sandstonas, 

and are especidy abundant and weU p m r v e d  in the beds carrying 
iron carbntlte. 

The coal bds 81.e numeroue. 'Them is no evidence as to their 
exact position within the formation or aa to thepnsisten~of individ- 
nd I d s  or p u p  of beds. 
Ths sections given on tho following p p  are typical. of the litho- 

logic cha~ectm, although none of them represent anything near the 
full thicheas of the formation nor is their exact position within the 
formation known. 

B ~ i t L ~ ~ f ~ o l . f h m n r d o J C ~ I T i w ~ f a m i l c h  
. C h i c k h  aml: mmp, 

FL hi. 
1. Gray M e  with oecaeional mncretim.. ................... 16 
2. E d  clay ahale, nodular.. ................................ 2 6 
3. Fieaile pay ehle  with iron balla.. ........................ IG 
4, Dwk+y Limmtme ...................................... 1 
6. Dark fiesite ahale.. ...................................... 4 6 
6, bliracmua m n h n e  ...................................... 2 6 
7. Dark livercolored G l e  u M a  cwtainiw strata of imn can- 

cnetione ............................................... 2 
8. Arkoae .-.......*......................................... 1 
9. Dark d d l e  s W  ............... ... ........................ 12 

10- Iron ws. .......-.............*...---.................... 3 



11 . Blmk eble  ............................................... 
12 . Carbon~c~oun M e  and bone .............................. 
. ............................................. 13 Bhkehde 

.... 14 . Dsrk M e  Bhsle with m y  e t a  d hnstone nodub 
....................................... W. carbonaceom w e  

............... . 16 Dark &ale with thin mhta of ironatone bdla 
17 . IroWnns with f d l  g&mpds .......................... 

................... . 18 Dark &ale with many atreaka of imn 
............................. . 19 Soft black cmbonacewie ~haie 

20 . Ironatono ....................................~.........~ 
.................. . 21  ark f i d e  with bmda of h m h e  

. ........................................ 22 Maeaive mdstone 
............................................. 23 . Blackshake 

...................... . 24 Cod. with eome bone and mhle 
W . Shale and mndebna ...................................... 

........................ 26 . Cad, withmmeheandahale 
27 . Dark s w  .............................................. 
28 . Dark shIe Kith 4 a I m b  .............................. 
29 . Shale with mndntone and inmetone bnda ................. 
30 . Ban*ne with mndy ahnle bands ......................... 
31 . Shale .................................................... 

... 32 . Cod, impure. much d b r k d  and changed by heat. 
53 . W e  with imn banda .................................... 

........................................ . 34 Sandatone (inroll) 
35 . Shale .................................................... 
36 . Diabam dl, with l d  wctmmm of n8- cob on top .. 
37 . hqphr m m  of ma1 and cerbmmuo matter much 

distorted by the sill ......................*........ 

S& in tha C h k h h m  fomdh b t @ ? b ~ a ' ~  at at and of & oarlaop in & b h f d  
Chkknloott coal w m p  . 

Ft . In. 
Cod bed ............................................... 15+ 

&ay ahala with ironstone h d a  and nodule?; lower 8 feet 
thickly packed with Iaqe nduleu .......................... 21 

O t u ~ o u a  Bh81e .......................................... 1 6  
CMI bed a .............................................. a s  

Elhales and mndy EMM with many sandstone lenees md iron- 
etane nodulea * ............................................ 2 7 3  

Gray shale .................................................. 7 8  
Carbornsous sbde with thh coal atreab ..................... 9 
Bandy ehale rmd &atone dth hmtone .................... 8 6  
Flsejle carhnaceoua &ale ................................... 1 2  

k l b e d 4  .............................................. 4 8  
8Mm with many ironatme b d a  ............................ 2 1 8  

....................................... Coal, clean, bright 1 8  
Bldy mndutone .............................................. 1 5  

Coal with &sly bands ................................... 1 2  

~FwUabbtsa818and BdBB(mp . W)~mllcotsdtmmthl8bed . 
*Th$ b d  and the bsd at tha top at the Iolkmlng mtbn M st about the same h w b n  md pobsBly 

a m h m m b e d  . 
UThIs Is t h c l ~ o P . t ~ W Q & l o n 9 ( p . ~ ) . s t t b m ~ m o i  W& It balm the 

h e s t  coal bed in sectha 13, trmnel? (p . 80) . 
~ T N s t s t h s l - t ~ b e d i n c P e c t l o a I I ( p ~ ) . ~ t ~  &-M-B. 
~Thisiathelowmtowlbmctlon 1 6 ( p . 8 0 ) , a n r b b s ~ o t t ~ 9 .  



Fk ta 
............................. *Imply m c d e d .  chiefly &ale 1 10 10 

I Z d  asndmne; wathera rusty.. ............................ 9 
Gray nhaly mndstone ......................................... 1 8 
Bluih nodular shale with randy l e m  and immhme nadnlee .. 12 9 

Coal ................................................... 
Cod md able  ......................................... 

Black m y  U w  with tbin c d y  m h ,  mdy at top ........ 
...... Gray sandy Weas ( w ~ i g h t h  inch coal Btwak near top) 

(Continuity doubtful.) 
Dirty coat and carbonaceous b l e  with thin cml Iemea ........ 
Gray aandy ahalaa with many bands ot ironmne noddaa, gad- 

b g  laterslly inte d v e  p y  sandstono ................ 
Cod, wrying p t l y  in character along s t r i k e  and contain- 

ing large ailicfid dicka ............................... 
Grry &ale and i m ~ a s  ndules ............................. 
Coocealed .................................................. 
Gray ahale with thin W ~ ~ ~ & C B O W  ohalem, b m t ~ ~ ~ e  n d u h  

eand~tone lenaee ........................................... .................................. Coal and C ~ ~ ~ U B  8halb 
................................. r4wuy ' " b ~ m  &ale. 

a y  mhale with h n m e  nodules ............................ 
codbed' .............................................. 

NoduIar gray ahale, ironatone ~ ~ n d w n  in band at b e  ...... 
Gray  halo aa abave poorly e x p d  ........................... 
Concealed but probably gray  bale with h a h e  and n little 

~ b o ~ u &  #hale containkg c d  WE ................... 
Coely ahale and ctlal, in places bony .......................... 
Gmy  hal la with imnetona noddm and w d y  lenaea ........... 
Carhmcm md mndy M e s  and ganddone, partly conceded . 
Shale ....................................................... 7 
~~e .................................................. 2 9 

............. Thin M a  of sanddone with 6 inchar d ironatan9 4 4 
Csrbonaceolm, fiesile ahale with d l  4 leneea, 2 incbea or 1- 

.................................... thick, much crumpled 8 
Sandy nodular ahalee with large mdatme lmm and large iron- 

atone mncmtons .......................................... 29 
Gray nodular abalm and ar60naeews abalm with ehort l e n ~  of 
c d  up to 2 inches thick .................................. 0-2 8 

Gmy nodular and n d y  @halee, desire and carbonaceme- at the 
top, grading latedly into and interleaved with E W ~  emd- 
Btone containing numerous ironstone nodulsa. ................ I9 d 

Dnrk-bluiah nodular shale chiefly. with carbanweow ahale and 
..... thin d leases.  ands stone lensee. and ironatane nodnlea 8 

Bl&h dark 1-f-besring &ale with very thin c d y  &rwdm and 
m v d  iAmatone bands Iaterall y overlspping mndatone lem .. 7 9 

"Wary " fiesile carbonaceous &do ............................ 4 
S$aly Bandstane and ahla with bombne nodulea, oahying 

rapid I y in charactme laterally ................................ 9 9 
M l e  carbonsceoua shdas. with d p  my gray m d y  

halea. and immime ....................................... 9 3 
Rdular mnd y BhaIea with m m d  b d ~  of imnahe conmtiona . 11 6 
Qmy sandstone, N i n g  btadly into sandy nhalea, and large 

irombne ndulca ......................................... 9 10 

~ ~ W I s p o b . M ~ I h e a a m a m ~ ~ e 5 t t h e e o t r a w a o i ~ e l C .  ( B m ~ I $ p . H L >  
r ' ~ r r r a w l ~ c = s s c t k n ~ ' ~ .  p al)beglrmnearwaeoftmbed . 
~ D e t a i l e d ~ m t u o l  t b h b s d ~ ~ v ~ ~ s a C c i o n s 1 8 a n d a P l p . 8 1 ) .  



b d p  shales 8nd hmtmenodnlea.. ....................... 
Sandy s h a h  with &I-1 gtreahmd -and n few mal l  

................ *tone nodule; carhweoua hde-at top 
..................... Randy sbaIes mcl thin a a n d d n e  lewea. 

Gray speckled mdstone with c~rbunjzed pknt nmainaaud blb 
of coal.. ................................................ 

Darg lea6bemhgmd p y  ssaleseontshingthin bsadisorh 
stone nodules and a !-of cokd  obdy cud at hm.. ....... 

Dish ei1 I. 
Gmy shale ................................................. 
Sill (probably n d  extenmm). Below thin dM tbsa*pmnrs b 

continued in thecliff n l w g  Chickalm mvm but hi mom or 
lese conceald by elide w is insc&ble. 

Gray sandy shales and dark carbomceoue nhe l ' i  an13 thin wkdL 
donee contaiaing a l&foot aandatono bed and mvmI & 5 W  
Bills; sstimated thiclmem .................................. 

Eeavy diabase gill. 
8halea, dominantly gray and mmtiomry, with intamahtad 

mndabne beds and lenm and hnetond concretions; mm- 
put& thicknerrrr.. ........................................ 

Disbase eill. 
Gray eand y aad concretionary shalea with five or more thin iA- 

stone bands and thin leneee of   and atone in lower part; corn- 

.......................................... Gray ~andjwne.. 
;Bandy shalm and &in andstoncre ............................ 
Diabaee mill. 
Thin-bedded and slightly mm+Mdd m&mer.. ........... 
Shale.. .................................................... 
Concealed. 
Shale (including &+foot ~i11); thieKw,. .......... 
Concealed.. ............................................... 
Dark-py and brownish 8Bales- Kith irmdme nodules and in 

part mndy ; ~0mpttt.d t h i c h . .  ......................... 
ConcedRd. 
Gray thin -beddedmdetweand windy o w ~ ~ t i ~ ~ e .  
Bill. 
Dwk-gmy ahale with hngtw~ band- ......................... 

Sill. 

A similar s u c d n  of be& is repeaked through the mmdng 
miles down Chickdoan River, but wuld not be menaured or reliably 
estimated because of the folding of the beds md the recurring inter- 
ruptiona of the outcrop, The above section is over 5,200 feet thick 
and in the lower 13 miles of Clickdon River and along llatanuska 
River below the (;"Bickaloon there is perhapa as much more e x p o d .  

On Boulder Creek from a point at about the e a ~ t  edge of the-=- 
& o m  OIL the detailed map down &o a point half a mile above the 
mouth of the creek them is a ngarly continuous g x p m e  of the 
Gh;Ickalaon formation in which there is no gign of intemption or 
repeating of beds. Neither the top nor the base of the formation is 



expond. The &ke and dip are nearly uniform, av-g N. 76' 
W, 3rL0 NE., through 6,400 feet in a direction N. 83" E. From these 
& y e s  the tbickns&s of the eection is estimatsd at 1,240 feat, 
On a creek tributary to  Chickdoon River opposite Boulder Crwk, 

from a point about 8,000 feet above the mouth of the creek to a point 
about 2,000 feet farther upetream, is a ~0~1ti9uous section approxi- 
mately 1,0130 feet thick, "rho lower hdf mnsiats chiefly of light- 
colored sandy shdea; the uppor half L made up principally of dark 
d~dae with thin sandstone beds md many thicker beds of carbons- 
ceous leef-bearing shales which indude numerous minute coal lenses. 
Several f d  lega d stump, one of which is 20 feet long and 
atanda normal to the bedding, w e n  wan. Below this amtion the 
exposures rn intefiupted and tho structure is not uniform, but it 
ia certain that there m at Ieast 200 feet of Jower beds into which 
two or more aonaiderabIa d - l i k s  rn- of gsbbm are intruded. 
Above thii wtion there me aeved hundred feet of mndstones, 
shales, etc., below the basa of the EBka wn~lomerate in Castle Mom- 
trrin. In tbia &on no important cod beds were seen, and it is 
presumably above that part of the ChickrJoon formation appearing 
in the section dong Chickaloon River. (Soe pp, 43-46,) 

&&irm in the hG f~rrmtkm Q ~ E   ti^ mat &an& oJ King8 R Q w  at thu hd h h  tAs 
EWI mmp. 

hphyty d. RL ln. 
Dark w e  ...... : ..................--.-.-..--.....-.......... 51 6 
Bill of f i e  Basic rmk. 
Dark W e  with. imaatona nodulm. ............................ IfE ' 

W b e d '  .............................................. 3 
Oarbonwmuuabale .......................................... 1 2 
Gray shale with ironstone nodulen near bm~... ................. S 6 

.................. Ban&tone and w d y  or concretionary  hale.. 9 4 
................................... Qray cunmticwacy ahale. 4 4 

Goalbedl .............................................. 1 3 
Gmy uhle with Im-e nodules.. .......................... 15 
Gray nhale, b e c o w  m d y  t o d  W.. .................... 8 
Shale and sandatone ......................................... 5 3 
Gray nhale with irondone nodulee.. .......................... 87 
Ironatone .................................................... 1 
BhPle ....................................................... 3 8 
bdeton* ...*............................................... 1 3 
W e  with h t w e  concrotione and some mdstwe. ......... 8 3 
Gray ahale ................................-................. 15 
Concealed .................................................. 10 
Sitndetone- .................................................. Sf 
Shale wiih m~wetiom ....................................... 45 

CmI bed' .............................................. 17* - 
* ~ ~ ~ a w l ~ a x , ~ S i .  



4 8 THE LOWER MATANUSZA VALLEY. ALASKA . 
Section in the Chickaloon formation on Eska Creek 1. 100 feet below t& fmk.s.1 

Ft . in . 
Sandstone .................................................. 7 5 5  
Shale ....................................................... 1 

Coal ..................................................... Y 
....................................................... Shale 2 

Coal ..................................................... 2 1 
Coal, dirty coal, coaly shale, and shale ..................... 13 2 

Shale ....................................................... 8 
Thin interbedded coal, shale, and coaly shale; dominantly coal . 11 7 
Shale ....................................................... 3 9 
Shale with thin bands of coal ................................. 4 2 
Thin interbedded coal and shale with thin ironatone  band^; 

dominantly coal ........................................... 12 6 
Shale with some ironstone .................................... 13 4 

Coal and shale .......................................... 2 7 
Shale ....................................................... 3 

Coal and shale; dominantly coal ........................... 2 3 
Shale with some ironstone ..................................... 27 6 

.................................................. Sandstone 4 
Shale with some ironstone nodules and petrifi-ed sticks ......... 19 6 
Ironstone ..................................................... 3 

. Shale with ban& of coal .................................... 1 9 
Coal ..................................................... 1 8 

Shale with ironstone bands ... ..... ........................ 5 10 
Shale with thin coal seams ................................... 7 
Shale, sandstone, and ironatone' (cliff) ........................ 37 

Coal and coaly shale ...................................... 1 
Shale with several bands of ironstone and ironstone nodules a ... 16 6 
Shale with coaly streaks .................................... 3 1 

.......................................... Ironstone nodules 5 
................................. Shale with ironstone nodules 3 

Clay ironstone ............................... ... ... . . . . . .  2 10 
Gray iiasile &ale2 .......................................... 4 

............................... Sandy shale somewhat massive 3 

Between the sandstone at the top of the foregoing section and the 
nearest and lowest outcrop of the Eska conglomerate on Wishbone 
Hill. about 0.6 mile to the southwest there are no exposures . About 
14 miles west of this section. on the north slope of Wishbone Hill. 
sandstone. overlying shale and coal. outcrops below the lowest expo- 
sure of Eska conglomerate . The concealed stratigraphic interval 
between them is about 200 feet. and it appears most probable that the 
interval between the above section and the conglomerate is at  least 
that much . 

. .  

1 This section is given in greater detail in section 37 (pp . 85.87) . 
Them beds yielded fd leaves (lot 6 W ;  sse pp . 5051) . 



DETAILED DESCRIPTION O F  THE ROCKS . 49 

Section in the Chickoloon formution on Matanusku River about one-eighth mile below 
Moose Creek . 

Ft . in . 
........................................................ Shale 3 

................................................... Sandstone 5 
......................... Thin interbedded shale and sandstone 2 4  

........................................ .............. Shale .... 15 
................................................... Sandstone 5 

........................................................ Shale 18 
coal .............. ... ... .-. ............................... 4 

........................................... Carbonaceous shale 4 
................................................... Sandstone 23 

........................................... Carbonaceous shale 10 
Coal ....................... -.- 6 .................... 

........................................... Carbonaceous shale 5 
Sandstone ................................................... 10 
Shale ........................................................ 3 

................................................... Sandstone1 2 6  
......................................................... Shale 1 

Sandstone 1 ................................................... 6 
Shale ........................................................ 4 

.................................................. Sandstone1 7 6  
....................................................... Shale1 5 

Sandstone ................................................... 4 6  
.......................................................... Shale 6 

Sandstone ................................................... 2 6  
Shale ................................................... . .  6 

................................................... Sandstone 2 8  
................. Shale ................. -... 15 

Sandstone ................................................... 5 
................................... ................... Shale -- 10 

Sandstone ................................................... 3 
............................. ...................... Shale .- 15 

................................................... Sandstone 2 
........................................ Shale .............. .. 18 

................................................... Sandstone 5 
........................................................ Shale 20 

.......................................... Shale and sandstone 30 

253 7 
FLORA AND FAUNA . 

The fossils observed in these beds consist chiefly of leaves. which 
are very abundant though in general not well preserved except in the 
beds of iron carbonate . The following species have been identified 
by Arthur Hollick from material collected by Martin. Katz. .. and . 
Chapin in 1910 . 
5892 . North bank of Matanuska River. 4. 200 feet below Moose Creek: 

Onoclea sensibilis arctica Heer=O . sensibilia fossilis Newb . 
Taxites validus Heer . 

1 Fossil learns in lot 5892 collected at this horizon . 
9 Fossil leaves in lot 5901 collected at this hximn . See p . 50 . 

9949'-Bull . -1- - 
A 
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Sequoia, hqdorfi i  (Rrongt.) Em. 
sequoia nordemkioldii Heer. 
Poacitea q. 
Q~ierc~w c h a m i m d  B€m. 
Querrrus charpentien Hew. 
Quorcus ?hxii01ia h q . 7  (fragmentary). 
Quercua jvglandina Heer. 
Quefcus laharpi Gaud. 
Dryophyllurn ~ p .  
Alnus, kieferuteinii Em. 
Myrjcm lmmna Hem. 
Myrica acuminata Ung. '? (hpenbry) .  
Juglane dentirulata Heer. 
J u g l m  heerii El t iwb.  
Ulrnussp. . 
L a u m  prhigenir Dng. ? (fragmentary). 
Cratc~gus g. 
Frunus aerratula Beer. 
Snpihduo undulatua Reer. 
Rharnnua gnudini Bccr. 
Picnmpcrmite8 qmtabilm Beer? (fqmentzry). 
Apri b o w  d a l e  (Gaud.) IIeex=Ptempermum d c l d  Gad.  
Brawnia antiqua Newb,? (hpenhwy).  
Diovpyroe sp. 
Viburnum antlquum (Newb.) HoFlick=Tilia antiqua Newb. (Leavee and 

h i t ;  fide Ward, L, I?., Bull. U. S. Geol. Survey Nu. 37, 1887, Pl. LI, fige. 

2, 4-3.) 
Viburnum eaparum Newb.? 
Viburnum nordemkialdii H m .  

Ago, "Arctic Miocenn " (Eocene). 
6901. North bank of hiatsn~rnka River, 4,800 feet below AZooee Creek. 

Glyptoatrobus unpri Beer. 
Balix reana Heer. 
Querc~re laharpi Gaud. 
Quewue myrtilloidee Ung. 
Myrim langeana Deer. 
Myrica vindobonemb Etthguh. 
Jughns bilinjca Ung. 
Juglam denticulata Eeer. 
R!aamnue eridani Ung. 
Pteroepermitm dcntatm Eeer. 
Fraxinu~ johnotrupi Heer. 

Age, "Arctic Miocene " (Eocene). 
5897. Bka Creek, west bank, devatioa 1,100 M: 

Sequoia langsdorfii (Bmngt.) Heer. 
Bcquoia nordemkioldii Her-  
Taxdium dintichum miocmum Hem. 
Taxitm olriekii near. 
Phmpitea w. 
PmiW up. 
Cyperacitea 8p .  AU fmgmentarp. 
Typh~ep.  
Musophyllum np. 1 
Popdus acerifolia N e d .  
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Papnlus arctics Hew. 
Populua gsudini Fimch.-Ooet. 
Populus latior dl. Br. 
Populus richatdsoni H w .  
Ealix l o w  Al. Br. 
Co$w kignls Heer. 
Ahus Biafemteini B d  
J ~ g I a n a  acuminata Al. Br. 
I u g h  a@& Beer. 
Ficue grhhudica Ileer. 
Planera q e r i  Ett inph.  
L a m  prieenia EAR. 
Clornua mrrcrophylla Hw. 
Ptwoepermiteaeasp. A~ery.lapleafabout2feetIqbyl)festbmsd. 
Viburnum nearberrymum Ward. 
Viburnum nordeimkioldii Bmr. 

Age, "&tic Miocene" (Fmene). 
6696. Yourq C m k ,  0.6 miIe northwest of K i q a  River: 

Flabellaria Borimti  Lmq. Tbie lot consiatA of thia one apedmen. 
Age, Tertiary, pmkrmnbly Eocene. 
SW. Shale at diorita contact at big bend of Young Creek, elevation 1,050 feet: 

Pop& zaddechi Eeer? (hgmmhry). Two epecimws d y  in this lot. 
Age, pmwmbIy "Amtic Himne" (Jhene). 

W. Gulch on north side of Red  mom^, 4 milea N. 6' E. of mmth of Young 
Creek, elevation 3,500 I&: 

Sequoia lan~dorf i i  (nrongt.) Hem, 
Populun gaudini E'iach.-Oont. 

A p ,  p m m ~ b I  y "Arctic Mimne" (Fmme). 
690S. Young Creek, 0.63 mile north of 2,Wfwt hh: 

Wuoia I@&i (I3rnng.t.) Reer. 
Age, prwumbI y "Arctic Miocene ( E r n e ) ,  

WW, "2f milw northwart of U. S. L. Ed. No, 1; elmtion 2,750 feet:" 
Sequoia 1no"pedortii (Bmngt.) Reer. 
Pqulus arclicit Ifeer. 
$umw olatwni Her .  
Pkmpmmitee dte- Rwr. 

Agq "Antic Mio~ene " (Fmene). 
m5. '4TnIrm dope at ba4e OF cliff, ZCinp?p R i m ,  east bank, at C d  Cmrmp, 7 mile* 

above mouth : " 
Onoclea aemibilia amties Heer-0. d b i l i e  Iwailia Newb. 
Taxodium ciccidentale Newb. 
Populw arctica Eer. 
Viburnum up. 

Age, "Arctic Mimenew (Eocsne). 

The following specias haw been identified by F. R. Rnawlton from 
material collmted by Paige snd G o p f  in 1906 : 
Bb- W k ,  25 feet above 11-foot d m: 

8eqmoia langadodi (Bmngt.) Em. 
&UB? gthlandicaf Heer. 
MqaoIh inglefeldi Beer. 
Ragmate of other d;co@ledoae. 

Age, Kemai. 
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Kings Creek caeI : 
Ficm? flnlaudica E m .  
Popdua mtical Beer. 
Rhamnue eridani Heer, 
Viburnum ~ p .  cf. nordenskialdii Ifem. 

Age, apparently Kenai. 
ChickaIoon cod streta, WatswDLlr w p :  

Sequoia I m o r f l i  (Drongt.) Ifem, 
Age, probably Kenrti. 

The s p i e s  listed below were identified by F. H. Know1ton from 
materid collected by Martin in 1905: 

Chiclcalm River, md ot cosl bed jn ~ection 34 on gage 80: 
Taxodium dinticbum miacenum (Bmngt.) Reer. 
Ralix m h a  Iteer. 
PopuIus mtica Hear. 
Cory Iw m q  &i (Fork} Eeer. 
Juglans nigella Heer. 

In ddition to the plant remains, sheb have bean found in the thin 
ironstone (No. 17) in the aection on pagg 44 of this report. Stantan 
says sf two mflections from tbis locality : 

=I%. Bend oi C%kMorm River, hdf a mile above Wabm'm c d  camp: Thia  lot 
c h a t s  entidy d kwh-water gastmpode, of wbich all but one +en belong to a 
hie v i m  of Yivipsrurr of a type that mcm in both the Upper GRkeoua and the 
Tertiary. Tbe other specimen ie a more dender fwm, tm imperfect for generic deter- 
rninatioo. Thtm fmih are appmmtlg undwmibed s p e c i w t  leaat theft am new 
to klmka---and they do not fix the horizon mom c l d y  than ia above indicskl. 
6698, Bend of C h i c h l m  River above big nral outmop' 

Vivipam q. 
Pmbably Eocene. 

A m  larr UO-TWlP- 

The Chickdoan formation is shown by ita flora ta be d y  
Tertiary and probably Eocene. It is the Imal equivalent of at lemt 
part of the Kenai formation of Cook Inlet and is the approximate 
equivalent of the Tert iq  cod-bmq r& which are present in 
many pa& of Alaska. 

The Eska csonglomrate occupies two areas. One -& west- 
ward from the vdey of Esh  Creek fmm which the formation is 
named, to Moose Creek, outcropping in beautihi expoauses in the 
cliff a of Wishbone IJill. The other &I in Castle Nouat ais, extendmg 
eastward for 4 or 6 miles beyond Cbickaloon River. 





!l%e E e b  mnglomerate is about 3,000 feet thick and mmiat9 of 
predominantly coarse eonglonremte in massive plhtea intarbedded 
with a very subordinafa amount of coarse sandstone. 
h q m d  in Wishbone Hill the E s b  maglomemte (sea PI. IIE; 

A) eorsiste of mami~e beds of conglomer~te in thick plates with some 
istmcdahd lemm of coarse sandstones and a smsll rtmonnt of aandy 
ahale. The bddmg of the formation is marked edy by the intar- 
calated sandstones. The conglomerate is structurel~ss s a w  for s 
shingling which is only locally distinct. The sandstonee rn cam- 
monly crms-bedded and in some places strongly so. The dominant 
mlor of the formation is s Iigbt tawny red. %me of the smdstones, 
however, are whitish or gray. The roch vary from mame-grained 
sandstones or fine congbmerate in which the matrix preponderates 
to rocks crowded with pebbIea up to 6 inches in diameter. Individual 
beds of mnglomerste mnge in thiches8 from a few fget up to 75 
feet. The smdstone beds am generally thin, although one 25 feet 
thick wm nobd. The pebbles maga in s h  up to 8 inches, but most of 
them are betwean half an inch and 4 inches, They are well worn into 
a variety of shapes, of which subround, flattjsh, and elongate pre- 
dominate. Some are subnngdar to shqeless, yet with well-worn 
mrnem and adgea. The pebbles consist o t porphyrieg of intermediate 
cornpaition, which ma the most abundant, granites, fmwained 
ignmtla mb, q 6 W I  and vein quartz. The matrix is aandy or 
arkoaic. The conglomerate b all well indurated, yet it is more 
miatant where cemented along fractures, so that  wmbs from a few 
inches to I or 13 feet high and several inches thick stmd up above 
the general aurfaca. 

Some ohcure f o d l   ticks were found in mmdstone near the summit 
of Wbhbone Rill. 
On Moose Creek about 1 + miles above the ford on tbs Chickaloon 

trail, the conglomerate immediately overlies the Chickdoon formation. 
If is camposed chieff y of granite ; the matrix is of granitic dbbria, and 
the bowlders are biotite granib md diorik. Among the smdcx  
pebblea are a h  daskite, gneiss, grapacke, metmorphia rocks, and 
quarhz. The material is, for the most part, considerably under 1 foot 
in diameter, but there are a few large bowlders up fa 4 Ioet in length. 
Lenses of arkosic smdshne occur within the conglomerate. The 
formation here is l a  indurated than on Wishbone Hilt. Tho outcrop 
is crumbly and the bowldem are easily ramo~ed with a hammer, 

On Crtstle Mountain the formation consists of conglomerate beda 
from 6 feet to st least 50 feat in thiokness intarbedded with strata 
of arkoeric mindstone from 2 inchm up to 30 or 40 fmt thick. (See 
PI. IX, R.) The beds of arkosic smdabne are fairly persistent, but 
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some are lenticular. Small beds of finely laminated sandstones were 
seen. The basal beds of the conglomerate contain pebbles up to 
nearly 12 inches in diameter. About half of the pebbles are por- 
phyries, acidic types predominating, and about one-third are black 
and dark-colored basic aphanitic igneous rock. The remainder are 
quartz, granite, diorite, other igneous rocks, greenstones, and various 
metamorphic rocks. The matrix consists of sandy material, with 
h e  particles of igneous rocks, such as porphyries and traps, and dark 
minerals, such as hornblende and biotite. Locally the beds of sand- 
stone grade into the conglomerate, but as a rule the contacts between 
them and the conglomerate are fairly definite. The sandstone itself 
is generally conglomeratic. It is essentially the same as the matrix 
of the conglomerate. The rocks in Castle Mountain are somewhat 
lighter colored than those in Wishbone Hill. This is due largely to 
the greater preponderance of porphyry pebbles which weather readily 
to a pale-green oolor. 

AQE A.WD CORBELA'TIOB. 

The Eska conglomerate rests upon the Chickaloon formation with- 
out observed unconformity. I t  is overlain unconformably by basaltic 
lavas and tuffs. No determinable fossils have been found in it, so 
the only conclusion that can be drawn regarding its age is that i t  is 
certainly Tertiary and is possibly the equivalent of the Miocene con- 
glomerates which have been recognized at several points along the 
Pacific coast of Alaska. - 

BASALTIC LAVAS AND TUFFS. 

The rocks forming the summit of Castle Mountain are basic vol- 
canic rocks, most of which weather to a conspicuous red color. They 
comprise dense fine-grained black basalts and gray and reddish-gray 
amygdaloids and rocks of vesicular flow texture interbedded with 
tuffs and breccias of like material. There are some shale, sandstone, 
and conglomerate lenses (8) within the tuff and breccia beds. The 
lava beds are for the most part dense but in some places have columnar 
structure in their lower parts and are vesicular in their upper parts, 
being therefore clearly flows. The denser, more crystalline psrk 
are composed of minute grains of feldspar and augite. The rock is 
similar to that described by Paige and Knopfl as an midic olivine- 
'free basalt composed of doleritic aggregates of labradorite (Ab,An$ 
and augite, with plagioclase as the dominant constituent. These 
basalts have very much the same composition as the gabbros and 
diabases that intrude the coal measures (pp. 63-67). 

1 Paige, Sidney, and Knopf, Adolph, Geologic fecotux&8nos in the Matanuska and TaWetm basins, 
Alaska: Bull. U. S. Geol. 8 w e y  No. 327,1807,p.XL 



The section in the summit of Castle Mountain Gee fig. 1) is as 
~ Q ~ O W @  : 

8 6  in summit o/ C&h dPwnk6in. Feet. 
DmWbrdl! .*............................-..--...........---.... 130 
Tuffa, breccim, and vwicular lavea.. ............................. 171) 
DeneebssaIt,inpartcolumnaratthebottomandmis~larat.tetop. 250 

.............. Tulfa, breccim, shale, n a n h e ,  and conglomerate.. 90 
................................... D m  and  am^^ W t e  210 

Wnconformity. - 
'EBka conglomc&a. 850 

The bttsdta be upon an 
,.Elevation 8050f*ct e d e d  but gencralIy even 

surface which truncates the 
.Dense bsaett Eska conglomerate at a 

m a l l  angle (so&). 
The base of the volcdc 

mkn is a dsnw, very h e  
grained basalt which appar- 
ently grades upward into 
a vesicular flow breccia. 
This is succeeded by beds of 

part columnar basalt, breccias, and t d a  
with small amounta of sand 
and shale, ell apparently 
strictly codormsble and (on 
Cmtle Mountain at my rate) 

Tuffs, b%cias,shale, sandstone. 
undeformed. Exapt the 

and conglametate unconsolidated duvial de- 
posits, these basalta sre the 
youngest mks in the region. 
Their equiva Ienca with the 

Danmu emygdsl~idal basaka gsbbms and diabaeea h ~ a  
been suggmted by Paige and 

-Eftvat~on 52OOfeet fi0pf.l 

TERTIARY YWlTLUBfVB ROCKS. 

The igneous rocks which 
o loo 2 ~ 1  3mFeet h v d e  the Tartiarg sedi- 
L. . ' J mmtg of the region mapped 

amml*-colnmnnraePtaonia~d- 11-tab& on PlateV (in pocket) fall 
into three groups which are 

te swxw athnt but not ~harply dzemtiated by their a r d  d i e  
txiIruti;sn and litldogy. The threefold p u p %  is as follows: (I) 
Diorite porphyries, inchding lighhlored, usually porphy titic, 
f i n e p i n e d  rocb of andmitic, diorite porphyry, aad granite pop 

' OD. OiL, pp. Bwa 



phyry hsbit, which ownr in the southantml portion of the region, 
especially in a l a p  mas8 between Young Creek mcl Rings River, 
and in many smdlar bodiee in adjoining areas; (2) trachytia &, 
incIuding grmnish and brownish feleitic or porphyritic rocks which 
occur in two ereas noar the upper part of Young Creek; (3) &bases 
and gabbroa, includmg Muiah-gray to dark-green aad b h k  aphanitic, 
porphyritic, and coarsely c r y ~ t a h e  diabaaes and &bm, which 
are found abundantly east of Kings River but a h  sparbgIy through- 
out the other parts of the region. 

AXXbG DlBTBmUTION. 

The diorite porphyriw are in general restricted to an ares atend- 
kg eastward from the lower parh of Young Creek to the lower part 
of Chickdoon River. Within this area they are the more abundanf 
intrusive rocks present. S m d  maeses of rocks of similar pet> 
graphic b r b c t e x  were noted along the creeks no& of Capt1a Mom- 
tain and along *arbon Creek, in areas in which the diabaaee md 
gabbros ere the dominant intrusive rocks. 

The larger intrueiva masea recognized are situated aa follom: 
h the h i U  between the lower mume of Young Creek and Rings 
River and north of the lower mum of Young Creek is an irregular 
area 6 miles long and, near its m a t  end, 2 miles wide. Plate XI ,  A, 
ehows the west and of this ma-. 3n the hills west of the lower part 
of Chickdoon River and narh of Matmueka River there rn q h t  
OF mom isolated expasum within an &ma of 2 or 3 quare  nib. In 
the top of the east bank of Kings River is a large sill which should 
pmbebly be rsgardod as a prominent apophpis of the mass h t  
noted above, and &darly the large dike and ailla ( ~ e  P1. XI, B)  
in the south b ~ n k  of a t m u a k a  River belong with the second mma 
noted above. 

F E m o a ~ a  CEhJlArnB. 

The mks dmribed under thia beading are all lighbcalod par- 
phyritic t p  ranging in composition from granite porphyries thmugh 
&a syenib porphyries m d  diorita porphyries to augite ancEe&tes, 
The potash feldspar, ortbwlw, la not an importmt constituent of 
any of these racks and wm not detected in most of them. They are 
also to some extent c h a m t e a  by the pressnm of a colorless 
orthorhombic pyroxene and by a paucity of mice, 
In the northern and w ~ ~ t e r n  pmts of the large msss which lies 

between Young Creek and Rings River, in the neighborhood of 
Young Creek (P1. XI, A), there are bght-gmy porphfitio mka ia 
which the pundmass preponderates over the phenocrysts. The 
phenocryats are chiefly small whits or glassy feldspars; some rocks 







DETAILED DESCRIPTION OF THE ROCKS. 6 1  

&o contain in considerable amount a dark ferromagnesian minerd, 
whit$ is often found thoroughly weathered and then appears as mall 
W k  spots. The gray groundmass is either h e  graiaed or very &a 
pined ta sphsnitic. Ln eome srpecimns there axe vesicles partly or 
wholly med with a pearly, pale leek-green miner4 and some calcite. 
me weathered m b  are commonly yeUowish or tawny, and some 
develop very uneven surfaces. The type specimen, an augite and+ 
site, under the microscope shows feldspar and augite phanoorysts. 
The feldspar ia chiefly labradorite-bytowaite and less albite-oligoclase. 
7~ml pwtba in which the more acidic feldspars form the outer rim 
are eommoh. Tbe augite is in almost coIorless large subhedral grains. 
There are also d e r  grains of this mineral which approach in she 
the mmtituenh of the groundmass. The groundmass contains the 
above-named fe1dspars and also mme orthoclase ( 8), quartz in con- 
siderable mount, and colorlega orthorhombi~ pyroxene in small 
columnar erystzbls. Iron oxides and apatite are abundmt acoessory 
comtituentu. 

Near the northmahrn border of the same intrusive meas are qua* 
diorite porphpim. T~BSB are moderately fme graiued porphyritic 
hoIocrgstalline rocks in which the phenocrysts about equal or pre- 
ponderate over the groundmass. The phenocrysts, which are cloaely 
packed, are principally small rectangular wbite f eldspaw, between 
which are the darker ph.enocrysts and the minutely granular ground- 
mam. Tbe feldspars m plagimlmae, zonally built, and ranging 
between a n d d e  and labradorib. Other phenocvts are biotite, 
coIorlaw augih, and hornblende. The groundmaas is quartz and 
feldspar. The quartz is abundant and partly idiomorphic in s paste of 
feldspars which, though obscure because fine and weathered, appear 
to be in part alkdio and in part a lime-soda feldspar. Magnetite and 
apatite are m m r y  constituents. Similar rocks in the central and 
muthem parta of the maas have a little more oo1bm1y crystalline 
groundmaas and at several places are slightly d8erent in composition. 
In one in which the dark phenmrpts are augite and hornblende, the 
feldspar is in part labradorite and in part dkalio feldspar. Is 
asother, whose dark phenocrysta are hornblende and biotite, the 
feldspar is about mdesins in composition. 

Some of the sills and dikes which intrude the coal measurea and 
Upper Cretaceoug mks on the east and gouth of the large intrusive 
mass disou& above are acidic porph*. Thesa are in particular 
the large silt at the I G p  River coal camp, the large sill and dikes on 
Matanda Ever blow ChickaIoon River, and the Zlght-colored 
intrtlaiPe m k ~  along and west of the lower part of Chickdoon River 
(Pl. XI ,  B) . They are whitish or light-gray porpbfitic rocks. The 
gromdmma, which predominates over the phgnocr~~sta, is either 
aphanitic or w r y  h e l y  cryst~blline. The. phenocrgsta are chiefly 
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white or yellowish albite (or albitwhgocl a), idiomorphically 
developed. Thm are also biotite pbenmyatts and in some s~>ecimens 
a few of quarbz. The groundmass is acidic plagioclase and quartz, 
a small part of lthe quartz being graphically intergrotnn with feldspar 
which may bs orthoclase. There is also a md amount of f e r n  
magnesian mineral in the gromdmms, but this is weathered beyond 
recognition in the sections examined. Iron oxide and apatite are 
~~~8ssorgcomtituents. The rock at the JGtlPI3 River cod camp bas 
erroneously been called a momonitic porphyry and might better be 
given the quditative name sods ayenite porphyry. 

A Imge number of dikm, mostly of small size and vary &e texture, 
in the neighborhood of Kings River and the lower part of Cbickdoon 
River, are probably Mated to the roch described a h ~ e .  They are 
ligbt-eolod whitish, gray, or drab feEsites or porpby5s. A few 
are amygdular. Tha rock from one of these dikes, on the meek 
north of Castla Monnhin, in the hand s y i m e n  appeare to be a 
uniformly minutdy granular and hoIocrystallhe gray rock, but 
under the mic~oacope it ia seen to be porphyritic and po8sibly in part 
glasy. There is more of the pundrnase thm of the phenoorysts, 
which are only slightly larger than the individual grains of the 
groundmaas. In places in the rock the texture of the groundmass 
is fIuidaI (pilotmitic) by pardelism of the lath-ahapd feldspars. 
The phenocrysts are albite and +My aIso quartz. qua& 
noted may be secondary.) The groundmass irs cornpod of inter- 
meshed lath-ahapad albite w oIigoclase and alao anhedral graine of 
clouded bddepar, quartz interstitial between the feldspm in rather 
subordinate amount, md abundant small crgstals of magnetite and 
what appesrs to  be chloritic material after femmagnesian minerals, 
or may in part be devitrified glass. 

A rock intrusive into the T d i q  mdmmte on Carbon CrmL k s 
lighkolored porphyry c u m p e d  mrecroeoopically of banchee of 
8md white feldspar p h e n q t a  in a gray aphaniti~ grou~,cErnass. 
The p u l d m m ~  le dominant over the phenocrysk The fsldspgr 
phenocryst~ are all&. The gmundmm~ is composed of mall inter- 
meshed 1 athdaped feldspm, probably acidic plagiodm, with very 
little quartz. There is also in the g.ronndm= w t i C e  and aoa- 
sidarable but obscure weathered ferromagneslmhn minerd or glsa. 
Calcite and chlorih are tlbund mt sscondq minerals. 

The diarite pwpmea and allied rocks me ihtributed through the 
region between Yonng Creek and Chickdoon River. They am in' 
contach with Upper Cretaeow roch and Tertiary coal mwmres. 

3 Yartia, Ct.C., A m m n t & m o f  the Winim&moml field, Wks, la lsMc B d . V .  8. Ileol. Bawey 
No. 2 8 8 , l q  p. 16. 
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The andepita and diorite porphyry mass between Y o m g  Creek md 
Ehga River 3 in its central portion a moderately cuarse grained 
mck, peripherally a ke-grained holorrgstaUine porphyry which is 
in plecea mimolitic, and at the extreme margin in Local narrow bands 
a porphm with aphtmnitic groundmass. The intrusive relations of 
this rock are cleyly ahown at several pointa near its border. 

On the west bank of Young Creek, about I d a  above Kings River, 
Tertiary bents direotly overlie the igneom rock, which is here a, 
felaite porphyry. The &ales and sandstanw-rsre indurated by am- 
tact metamorphiam (baked) to hard dense he-grained rocks, and the 
i n t h v e  is also dense snd h e  grained, so that the e x a t  contact is. 
not easily d e w .  A short clistanm down the creek from this 
l d t y  abut  30 feet of shde overlies the igneous rock, the surface 
of which ia &hut  parallet to the bedding of the shales. (See fig. 2.) 
Near the contact the igneous rock is dense and aphanitic, but at 
a little distance it becoma p'phfitic. In the lower foot the 
ahale i& ver~r completely indurated a d  in the succeeding 3 feet ia 

baked to a hard d e w  rock. A b u t  2 miles above the mouth of 
Yomg Creek, enkirel y within the intrusive mam, there ie a small 
men of Tertiary &alee and sanrlstones. T h g h  a dbtmoe of 400 
feet along the creek thesa rocks lie above the intrusive, whicl~ is very 
h e  gained, porphyritic, and slightly ~ e s i d a r  at the contact. There 
araaome 30 feet of &ales and sandy &ale which are n e d y  horizontal. 
Thy are baked t h u g h  a thicknese of at leest 25 feet and have been 
changed from saft s h a h  to very firm and h d  lightamxlored rocks. 

Tertiary  hales of the Chickaloon formation are in contact with the 
diorite porphyy b u t  h f o u r c h s  of a mile up &the h t  northerly 
tributary of Young Creek (PI. XI, A). These shales are indurated. 
They lie along the crmk hpographicdly below the diorite parphm 
ih fhe r i d p ,  sa that the diorite appeam to ovadie the &ales. Thii, 
fuderrmol.e, appears to be the general relation of the Upper Cr+ 
taeeous aa well as the Tertimy sedimente which are exposed on the 
north side of the diorite porphyq north of Young Creek. 



Along the fourth d i e  of Young b k  above the mouth the contact 
of the diorite porpbyq with the Tertimy diments  Ti in, tha gouth 
bank. Here the igneous and sedimentary rocks are, faulted against 
each other. Thero is at some places a fault b m i a  zone, 100 feet 
or more wide, &thg both rocks. The intmaive porphyry ia much 
saussuritized, s h a t h d ,  md veined with calcite. ,The mmses of 
sbde and other sediments included in the brecciated zone are dso 
shatter4 and veined, but not so ax t e n ~ h l y  as the diorEtRl porphyry. 
(Sea %. 3.) At several plaoea on this part of the creek, dong the 
general position of the contact, outcropa of both igneous and a d -  
mentary rock, slickensided or shattered, indiwte mo~emente which 
must h a ~ e  been subsquent to the intru~ion,-for the evidence elm 
where is conclusive that  the diorite porphyq is intn~aive into the 
Tertiary sediments. There may be faults of considerable magnitude- 
that essentidy determine the present s u d a e  outline of the rock 

o 80 too zoo Feet 
b . . . . I . . . . b  

~ m a . - o n y ~ ~ ~ r n h ~ ~ ~ ~ t o ~ ~ r l ~ a r y w ~ r a  

ms~sses, or the fadta may merely repreeent slight mmpemsatory 
movements during the cooling of the intrusive mass. 

About a mile north-northwmt of Kings River Bridge the same 
diorite porphm miw whose dationa to the Tertiary sedirnenta are 
dkusaed above k in contact with Upper Cretaceou~ sandstones and 
shales. The contact appeam to be intrusive because of the markedly 
porphyritic border phase of the igneous rock and because %he sand- 
stones nearest the porphm are indurated and altemd. The sand- 
stones and ahales outcrop below and dip toward cliffs of diorite 
porphm. The conditions thus auggest that the igneous mck overlies 
the aedimenh and that it is here the edge of a sill-like or lmolithic 
maw. 

The abovedescribed contact reletions of the diorite porphyry mass 
are along ita wmtern and northern borders. The rock extends south- 
eastward to the flata of Kings River, w h m  ita EmiB me obaOured 
by the alluvial deposits of that stream. 



The mny small masses of porphyries petrographically allied to the 
diorite porpbfies are clearly intrusive into Upper Cretaceous rocks 
tLnd Tertisry coal measures (Chickdoon formation). Structurally 
they are aiUa and dikea which are for the most part of regular outbna. 
Except tbe vmy large sills, they have little or no metamorphic effect 
on the rock they invade. At Kings River coal camp one sill which 
is 60 feet thick: has visibly indurated the shales benea;th it through a 
dishnce of le&s than a foot. 

On Chickaloon River at  several lacalitiea the liihbcolored por- 
phyry sib parallel the folded beds of the Chickdoon formation, m 
indicated in figure 4. The beds seem to be too sharply and complexly 
defomed to permit an invading magma to follow the folds. It is 
more probable that, had the intrusion been ~ubsequent'to the foldmg, 
the intruive, &her than insinuating itself for considerable distances 
along single much-distorked bedding planes, would have cut a c m  
beds along joints and minor faults, which are numerous. It would 
appear, therefore, that the intrueion of the diorite porphyq and allied 
mka preceded at least a considerable part of the deformation of the 
Terhry coal measurn (Chickaloon formation). This is further 

h u m  4.-FdW beds at she ChIcPalwn formntion and aIll 

suggested by the abovediscussed fault, which mmkn part of the 
north boundary of the large diorite porphyry mass and which may 
be of mnsidarabla magnitude. 

The trachytic rocks were ween only in the upper part of the vdey 
of Young Creek, where they occur in two large masaw. One of these 
oecupim what is a d d  Red Mountain and the other is about a mile 
northeast of it. 

P E T B O C t W O  a E m t A a m R .  

The type roch from Red Mountain are either greexriph-gray or 
brown porphsT;w in which feldspar and mica phenacrysta only are 
visible in a felsiti~ bese. Tba feldspar phenocryats ara long and 

_slender. Under the micmcaps the severd specimens look very 
.much dike. They are trachytic (fluidal-hxtured) porphyries, the 
groundmaas strongly predominating over the phenocrysh. The 
pheocrysts are plmclase and biotite. T h e  former raqpa from 
albite to  oGgaclase, and aome pieceer have indusions of quartz and 



glass. Most of thoae examined under the microscope am way 1% 
slender laths and appear ta have been broken md in part replaced 
by quartz and b have undergone ot,her idbration. Other more corn- 
pwtly shaped feldspar phenocrysta &a showed sliht mhLng 
effects. The gmundmasu is compmd of lath-shaped feldspars 
(acidic plagioclaae. and possibly aCso orthoclase)., biotito in mbhedral 
grains, abundant a m d  idiomorphic mystals of magnetite, and a 
little glass. Interstitial primary qusrt~ is p m n t  in accemory 
amounts only. On the eaat of Young Creek, opposite Red Moun- 
tain, the m c b  of tb grasp are greeniah-grtry fahitea with a few sparse 
phenocrysts of feldspar. They are fin.e-greined ~ n d  locally slightly 
trachytic roclcs which conskt of acidic plagiaclam (and orthoclase?) 
phenocrysta and also consirierahIy alkreti ferrornagnesian pheno- 
crysta in a p u n d m w  made up chiefly of acidic pl@oclme and 
qusrtz. The plagioclnse of the groundmass is lath shapeci, for tha 
most part, irregularly intermeshed but locdy in rudely parallel 
mrtngement. The groundmaaa c o n t s b  dao some biotite or pymx- 
ene, very much decomposed, and n littie devitsed g lw.  Minute 
crystals of magnetite am abundant, and apatite is a fairly wmtant 
accsssory. One of these r o c b  is a, yellowish-green (weathered) por- 
phyritic felsito which contains minuh microscopic red garnots. 
Thwe aro &out the only p h e n o c m  PisibIe without f,he microwope. 
This rock contains considerable quartz in the groundmasa, but, save 
for this and the garnets, is aery liko the rock just described. Soma 
of the garnets have macmscopicdly &q crystd outfinw, but those 
Bean in thin section are irregularly bounded. They contain numerous 
inclusions of quartz and other minor&, and are surrounded by cal- 
cite of secondary origin. There is conaiderabla adcite and other am- 
ondary material throughout the rock. 

The felsitic and porphyritic rocka of this group, taken as a whole, 
are more weathered than the dioritio rock of the h t  p u p .  One 
of the trachytic rocks, furthermore, showa skht effects of crushzngj 
a phenomenon not developed in the dioritic rocka. 

The trachytio m k a  were found in R d  Mountain and the bib 
northeast of it on the oppdte  side of Young h e k .  Their main 
masses have no visible contwta with other rocks except that some 
dikes of s i d m  charatar cut the surrounding Uppr  Cretaceous 
be& and Te- coal measures. In Red Mountain the igneuus 
mka of this p u p  occupy the a d t  and lie at greater elemtion 
than tbeneighborbgrocks. C d w i t h h l e a s  than 50 feet isnot via- 
ihly different from coal e@ at long distances from the hchyt ic  
mcb. 'Shere is here n suffgestion that the b e a u s  rocks overlie tho 
aedimmb. A dike. of small siae W a r  in character to the Red 



Mountah m k  cuh  folded Tertiary sediments in the saddle weat qf 
Red Mountain and with them ia faulted ( a )  agttinst Upper &eta- 
ceoua &ides md mndstonerp. 

h l r s  similar to those 01 Red Mountain occurring east of Young 
Creek am surrounded partly by Tertiary and partly hy Upper Cre- 
tamous sediment.8, hut the relations are obscure exoept where a large 
dike cuts the Upper Cretaceous beds. 

The more basic ignaoua mama occur chiefly witbin an area begin- 
ning at the knoll east of Kin@ River and at the soutbmtern base 
of Castle Mountain and extending eastward beyond the region cot.- 
ered by the detailed map (Pl. V, in pocket). The northern boundary 
of this a m  is along the south bme of Ca~tlc Mountain, and tho area 
is dehed on the southwest by a line from the knoll east of Khp 
River aouthast s a w s  Matmush Rivor. No intrusivw other than 
those dimmed under this hsading wece noted within this area. 
Twmty massee were mapped within the area described above, and 
there are a p a t  many smaller ones. The larger rnasscs are those 
which outcrop in the knolls north and northwest of Chickdoon, 
along Chickdoon River, and in the hills east of Ckickaloon between 
Boulder Creek and Matmuske River. Eight of these have a surficial 
extent of one-foudh to one square mile or more. Smaller dikos 
and sills of diabw were eeon outside of the general area described 
above, dong the gorge of Kine River, on the creok tributary t o  Kinp 
R i ~ e r  north of Castlo Mountain, in the basin of Young Creek, on 
Wishbone Hill, and on Arkose Ridge. 

All the rock me very similar in constitution, although they pre- 
sent considerable dierences in appearance. There wem seen in the 
region a few small dikes of amygdular basaltic rock of dark color in 
which, under the microscope, only labradorite is determinable in a 
mimgranuI~r,  much weathered groundmeas. Bb-gr8y or greenish- 
gray ke-grained sills are very numeroue. Them are usudy ophitic 
in texture aad composed of labradorite, mugite, and iron oxide. They 
are as a rule considerably weathered, cdcite, chlorite, and limonita, 
being developed h m  the pyroxene. The gabbroic rocks are for the 
most part mama dsrk-green to  black rocks composed of labradorih, 
common augite, magnetite, and ilmdts, They are slightly ophiic 
in m u r e ,  particularly in the £her-grained varieties which form the 
bordem of large mwea or make up the whole of narrower dikes and 
sills. A number of them are quartz diabases having a nokable amount 
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of quartz btemtitid betwmn the feIdsp~am. In other mpeck these 
iuartz diab- are not different from the normal -diabas~ of the 
region. In wme pltlcea lightm+olored bands or dikelike mmeaJ 
usually of small size, traverse the coarser gabbms, from which they 
diIFer slightly in texture and mrnposition. One he-gained variety 
contains, besides the usual constituents, zonally de~eloped pltagio- 
dam which varg from bytownite to  albite, the int.erior mnas being 
the more calcic.;. Tbis rock eontsina also primarg quartz. Other 
varieties me coarse grained, compoaed cEdy of plagimlase and 
taugite, the former being dominant. Bands of this rock a few inches 
thick tra~erse normal gabbros. Under the mimowope them seems 
to be no difference between them other than in size of grain, which 
changes abruptly. Olivine gabbros with but Little olivine, and in 
other respects Iike the usual rocks of the region, were noted at two 
localities. 

LWAL RBL4TIORB. 

The rocks of this p u p  are developed chiefly in $ha emtern part 
of the region considered, but are dao found rsparingly in the wwtern 
part. With only one or powibly two exceptions, ao far as known, 
they aro all intrusive into the Tertiarg arkoses and cod meaaures 
{Chlckaloon formation). The exceptions am a small gabbro dike 
which cuts Upper Crataceeua ahalea in a gulch about 3+ miles north 
of the mouth of Young h e k  and a gabbroie rock on the muth Bide 
of Matmuah River 2 t  milea below Carbon fleekl which is near 
but not in aisible contact with Upper h t w u s  be&. In the latter 
occurrenm both the petrographic character and the a h c t u r a l  re!& 
tiom of the mck are uncertajn. 

Small bwdtio and amygddar dikes and & occur in T s p t i q ,  
be& o x p ~ e d  in Arkoae Ridge. About 53 miles N. 10' W. of t@ 
mouth of Moose C m k  an amygddoidd basalt, intruded approxi- 
mately p w d d  t o  the bedding of the arkme above it, is cut off by a 
fauIt. Two miles west of tbis are some very small bmdtic dikes and 
d h  in shdy members of ths same series. 
On the north side of Wishbone Rill, in the sandstone below the 

conglomerate, them i~ a &am931 intrusive gabbro mass. 
In the Young Creek region two diabwe dikm were ~MII on Division 

&ek. One 2 miles N. 75" W. of the mouth of Young OW& is 25 
feet thick. It cuts cobeaaure beds about pmrde1 to their strike 
but with oppoaite dip. 

Gabbro cub the mal measures on Young Creek about 3 miles up 
from the mouth. The wd at the contact is coked, and the other 
&enk are indurated. The gabbro is exposed for 150 feet. It is 
very h e  pained and bluish at the intrusive margin and &e g r a i m d  
but htinctly gabbroid slaewhem, Exoept at the i n t n i ~ ~ e  wntact 
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mbd ih relations me ohcured by s e v d  niapIawments. The 
l d Q  isr dong the faulted cantwt of mal mewurea and diorite 
porphm, and it aeema probable, though not at all certain, that  at 
one point where gabbro and diorite porphyry appear t o  be contiguous 
&he former intrudes tha latter. The faults wldch cut the gabbm 
appear to be of minor importmcs and are about normal to the main 
ma1 m m  md &rite porphyrg. fault contact, 

There are a number of diabase intrusions in the Chickdoon forme 
tion along l h g ~  River. The are in masses from 1 or 2 feet up to 
12 feet thick and of ~wsiderabIe extent which are parallel to  or very 
claaely follow bedding planes. They have no noticeable metamor- 
phic d e c t  on any beds except where they carno into contact with 
cod,  .ti ~IJ'@ sill at the &gs River c o d  camp has coked the lower 
half of a 16-foot cod bed immediately above it. 

East of Kings River the ggbbm and diabasea ape abundantly 
developed in the Tertiarg coal measures. The very numerous 
~ d e r  bodies, which are fine grained m d  ophitic, are umdy sib- 

Diabmk 
Shale 
Sandstanc 
Oiabase 

&st ia, they me  onc cord ant, or appmximatdy so, with the beds in 
which they are seen. A few dikes were noted. Four or five mall 
dikes on Mstanuska River about a mile beIow Chickdoon River ara 
anaatom~~~ing dikes roughly pardlol to tho dip of the shales which 
they intrude. At a. locality near Chickdoon small dikm have broken 
through thin  bed^ of sadimenta between a number of closely spaced 
sib. (See k. 6.) A diabase dike 0 to 10 feet thick is intruded on 
a iadt near the south base of Castle Mountain. (See PI. XI, A.) 

A number of diabm intrwiions on RouIder Creek cut the Ter- 
Giary beds at a very low angle and in part are parallel to  the bed- 
ding. A large mass, 20 feet ar more thick, through mmt of its 
length parallels closely the bedding but st one point is offset as if 
fdowing a skht  displacement of the hclmbg beds. At that poh t 
there are two branch, dikes, one on either side, which appear to fob 



low the joint or fault that has caused the &set in the large dike. 
(See Pl. XU, B.) In the vicinity of this complex dike are several 

others of apparently less extent md very nearly pardel to the 
bdding. 

Diabwse Indurakd Indurated shale Sandstone 
sandstme andsandatone 

0 21 m Ret 
l . I I I '  

R a a a r t . ~ & n ~ w e b M k o l C U & a l r * r a ~ , m h h g n l h d ~ ~ W  
lma lonnetlon, 

Ths larger rnaasee of bmio intrusive mck, the coarse cry stab^^ 
g a b h ,  ma to s considerable extnnt also injected along bedding 

o w Feet 

planes. They are for the most part either thick sill-liIra b d e w  or 
flst laccolithic bodiee like t h m  shown in 6, 7, and 8. Such 
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me mmk of the gnbbms south of C d e  Mountain and along Chicka- 
iooxl Rim.  Some, however, break m a  bedding ae is indicated 
in +re 9. 

The gabbm mas= erast of Chiohdoon River and btwwn Boulder 
Creek and Matanu~ka River are di~tributed in an ara about ir central 
masa of gabbra. This arc pardeb the outline of the central mass. 
Sanhtone waa observed at one locality outcmpping at the outer 
base of the gabbm &B and apparently nnderIying them. At 

math l d t y  what is probably the aame gabbro hjeata overlying 
mhalea. (See Q. 10.3 The ctlntrd maas of gabbm which makas 
the hill 2 d s s  east of ChickaPoon is sheeted by a platy parting, and 
dong plmm pardel to the parting are namw bands of comer 
lighholored gabbro. These partirip are very probably cooling joints 
doveloped parallel to the-surface of the igneoua mass. By their 
attitude they support tha suggestion gained from the distribution 

of the gabbro that there 
me here two heavy gab bro 
shsets which are slightly 
dished and pitch aouth- 
west. 

The gabbm and d i e  
;bases wnre nowhere seen 
to be folded like the cod- 

20 Feet e- measure be& they invade 
-n ~o.-.oibbr~t~~- in* to, ma o i ~ e  -. and they are faulted 

Iwally and to  an unim- 
p&mt extent. They are probably younger than the principd and 
importsnt deformation which affected the ooaI rnsmures and there- 
fore are ymngar than the dioriik porphpiies and d i e d  rocks. 

. The unwmolidated Quaternary deposits of the Metmusks Valley 
hkhde morainic deposits, terrace gmvels, and the allu~um on the 
flood plaixls of the e W h g  streams. These deposits cover the 
greabr part of the ~arfm, except on the cliff8 and st* mountain 
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dopeg and the bigher mountain summits. They are repmented on 
the geologio map only in their better development-that is* where 
they constitute the most characteristic feature of the md gealom, 

G I h d  m o h e  material is present in at least s thin &n over 
nearly the entire m e  here described. It is better developed toward 
the \~est end of the Mataamka Vdey than at corresponding daltitudes 
farther east. The gentler s l o p  of the vdey below elevations which 
rke from &but 2,000 feet in the valley of Moose Creek to about 3,000 
feet in the vdey of the Chickdoon Rivv are practiedly all covered 
with rnerainea exmpt where recent stream erosion hm removed these 
deposits or where the slopes are too steep t o  retain u n c o d & t e d  
materid. The glacial depdta are much thicker west of Young 
Creek than east of it, the r e w n  fox this difference lying in the facts 
that the deposits were formed by a large glacier wbich formsrly occu- 
pied the entire length of the valley and that the region below Young 
Creek was one in which the ~Iwier  received only smaller tributary im 
stream and comequently deployed over the lowlands, being there- 
fore 1ms actively ero~ive than above. The abundance of gl~cial 
d6bris in t is  weetern part of the region indieaha that for a long time 
the dvance of the ice W&B so bdnnced by melting that the foot of the 
glacier was held in this neighborhood, hence the large acc~rmulstions. 
T b  former Matanuska Glacier probably 'filled the entire v d e  y from 
side to  side, ita rnmgins coinciding a p p r o k t e l y  with the present 
positions of the linear mountain front.9 which border the ~dey. It 
probably extended w m t ~ a d  beyond the present limit of the vdey 
and very likeIy joined other large glaciers of similar character to form 
a greater ice mass which occupied at least a part of what is now Gook 
Inlet. Gravel tidges which were regarded IW bjts of latnrd moraine 
and which probably mark 8 rest* &age of the glacier, if not the 
extreme laterm1 @tion, were Been at the basa of Arkose Riclge, north 
of hfwse Creek, at an elevlttion of about 2,200 feet. These ridges are 
considered aa marhug the position of the adgo of the ice during its 
largest extension of any mmiderable duration. The distribution of 
the morainic material and the evidence of glacial erosion in&& 
that at this stage the margin of the ice rose steeply e m t w d ,  being 
~t BQ elevation of about 3,200 feet between Eska and Granite cr~,eks, 
and at leaat 3,500 feet in the vicinity of Castle Mountain. Emt of 
Rings River evidence wncening the precise position of the edge of 
the Matmuska Glacier is not at hand, the problem being complicated 
by the fact that it is impomible to Merentiate between material Ieft 
and erosion forms caused by the gIacies occupying the main valley 
and by the a m d  local glaciers which occupied tributay vd1e;r-s 
and which m y  or may not b v a  b n  d u e n t  with the main ice 
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mass. It is && that many smaller glaciers existed and probably 
every s m d  vdey in the high mountains wRa occupieti by one. 

'Xbe mountain massea adjacent to  tho Matanusb Valley were 
probably during the. period of maximum gltlriation a nmt of multi- 
t u d e  of glacien among and between which peaks and ridges and 
possibly broader areas of bare rock protruded. There is, howe~er, 
no evidence that the whole region was swept over by glaciers of any- 
thmg like the mntinental type. 

Glacial deposits are beautifully developed in the low hille dong 
the lower courses of Moose and =ke e m h  and in the area under 
800 feet in elevation which liaa betwean t h m .  Exposures are few 
e x q t  whm the larger stmams am at present vigorously cutting, 
but the character of the t ~ p o p p h y  is that of typical glacial deposits 
fmd B t  a period of partiel stagnation of the ice. Thwe deposits are 
eomewhat obscured along the present drainage line by hmm and 
terrace gravels which have been cut into and built over them. Back 
from the present b inage  lines they exist in mentidy unmodified 
form. Errst of Granite Creek .depmits of this type are less well 
dm1oped, tho glacial deposit8 being thinner. They are, however, 
to be smn at the lower elevations in the region between Kings and 

- Chic.ksloon rivers. 
Them is abundant physiographic evidence of i n h e  glacial erosion 

in the valleys of Kings and Chickdoon rivers and farther east. The 
porphyq bills on Young; Creek show clearly the effect of glacial wow. 
The morainic mmtle is here thin; the billtope and In many placea 
the lower slop- of the hills are swept bare, having ody a few 
pebbles and bowlders scattered over them. The rock aurfmm show 
typical glacial rounding and gouging and many of the rougher slop- 
and cliffs were produced by p l u c k ,  a mode of ero~ion facilitated 
by. the parellel jointing of the diorite. 

The terrace gravels am of two kinds. T h e  most bmedty developed 
occur at low altitudas, not having been seen above about 1,100 feet. 
Them are found on weltdevelopd cat and built gravel benchas which 

&a ia a h a s  of steps along the river. In the ~ d q  of Moose Creek 
they wtm noted at elevations of about 4M) to 1,000 feet, the best 
dfive10ped benchas baing at appmxhately 400, 450, 600, 670, 825, 
and 1,000 feet. On Eslra Creek there are welldeveloped benches at 
about 940 and 1,000 feet. Between Bka and Grmj te creeks benches 
were noted a t  elevations of 660,680,720,740,850,950, and 1,150 feet. 
Zp ,as vsUv of Kings River there are many wellidaveloped temcee 
of which the highest is at about 1,200 feet. On Chickaloon River 
the bastrdevdoped temces are at about 1,000 feet. The position of 
some of the m a s  o k e d  in t.he different p a  of the ares is 
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indicated on the geologic map (PI. V, in pocket) a d  projjb of the 
terraced bm?m of Mmae (=reek m d  of Kings River are given in fqure 
11. The c h h r  of the material in which these terraces me de- 
veloped is shown in Phate XKII. 

The c h ~ t e r  of these deposits is well ehom in the north bank of 
Mahuska River 0.9 mile above Moose Creek. At this point the 
blufl, 200 feet high, is cornpad of interbedded gravel and ~ilt. The 
gilt is yellow and rather coaras. Tha gravel occm in ban&, lemes, 
and pockets irregularly htributed. It is predominantIy of rather 
tine grain (1- than 2-inch pebblew), although parts are coarse, with 
ctbundant 6-inch cobbles and bowldem up to 2 feet in diameter. The 
material is aU stratxed and is iu general well sorted. The pebblm 
represent a p e l t  variew of material. W t i c  roch predominate, 
but smdston~, shale, and a variety of fme-gmked h i c  mitts am 
abundant, Much of t h ~  comer gmvel occupies channels in the 
sands. T b  gravel deposit i~ shorn in Phte XUI, B. 

Profits ~fitrailtsstfrom ~hg8 K i i b r i d e  

B r o m  11.-Dlagmm oi M on M ~ l s a  Creek and on Kings B W .  

Gravel-cov~red f e m e a  of somewhat diffmmt type were men- at 
a;phm elevations. .,Where the valley of Moose Creek comes out from 
the lugh mountdm there are gravel benches up to m elevation of 
about 2,200 feet. Similar benches are seen at about the ssma dti- 
tude where GTanih Creek emergas from the. mountaim. On the west 
side of IClnge River, at a point s h u t  2 milea north of the bridge, 
well-developed b c h w  were obaemd at as elevation of 1,800-feet. , 
They occur opposite the coal a m p  at an elemtion of s h u t  1,500 
feet and on the east side of the creek rat an elmation of about 1,700 
feet. Broad graveleovered 0ata at an elevation of about 1,600 feet 
wme seen on both sides of Chichl~on River about a rnile a b o ~ e  
Boulder Creak. 

The a i g n 5 c m t  fact in the &hibution of these high-level tmmcea , 
k that they are apparently restricted to the vicinity of the tribuwea 
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of the Matenuskrr and were not seen at other points. It is believed 
that khey were laid down in the ponded wahm of these tributaries at 
times when the main Matanuska Glacier sbod m m w  tbs mouth of 
the tributary vallep. 

AIL.-. 

Allu6al depoaita sta we11 dmelopd on dl the larger atreams and 
on such of the sma!ler ones a~ do noit have steep grade o ~ e r  continuous 
expoauree of m k .  The flats and gravel bars along the whole coume 
of the Matanus ka cona titu te one of the striking features of the geology 
of this region. The high dagrse of the development of thesa depoeih 
is caused by ther fact that the Matanuska is a hesvily overloaded 
$acid stre- whose flow, owing to the htdttmt and varying 
supplyr ie very irregulsr. The Matanuska and its tributaries freeze 

winter and tand to eeek new coumes when the spring thaws 
came. The run-ofl during the early summer months is much greater 
than at m y  other time of the year. The stseam have their sources 
in large part at the ends of glacim and are comequenltly loaded with 
detritue from the very start. They flow for the most part over uncon- 
didated depoaita and have rrteep gradee. They are consequently 
choked with sediment at all times, and whenever the water falls they 
begin to  aggrade their beda. a; 

The gulch& traversing the lower and gentler slop= beheen Moosa 
Creek and tha ridgg: north of it show evidence of an apparently 
unuaud recant stream activity. The streams, which are small even 
in the last half of June, when much enow r e m h  on their head- 
w o r n  and melting is rapid, ocmpy each a trench in a wide gravel 
and bowlder-strewn course through the bruah and timber. This 
couree is typically 100 feet wide, and in cram lasection ib aurfaco is 
flst or slightly convex. The skenm occupies n ahalIaw, usually 
indefinite, and random chme1. The sides of the coume are strewn '"a: -. with bowldsss 5 to 10 feet h diameter, lodged among living and :.u + recently fallen treea. The h t  impreasion is that within three or 
four yem on all the mall streams there have been great floods that 
h n ~ e  cut wide courses through the timber, in which vegetation has 
not yet regained a foothold. It ia, howevm$ dacult to undmtmd 
how any ordinary flood could handle mataria1 of such size mtl l~andle 
it ea vigorously ae is tasaed  by the abraded, torn, and broken tress. 
If at the time of the floods the atreams were frozen, or if their chan- 
nels were filled hth mow, P, they usually are until late in tbe apring, 

'A theere bowldem might have slid along on the steepply sloping ice or 

., . snow. The phenomena might well be the product of the ragular 
early spring melting floods, the large lmwldem G i g  moved each 
yew s little at a time. Simrlar conditions ware o k e d  on the 



tribubriea of %ka and G-ranitn creeks, on the creek north of tha 
west end of CmtZe MountrJn, md on many other creeks throughout 
the valley. 

Many such ~ d a t i o n e  of' d6brihe wem Been on the lower mumw 
of amall streams beading in mountain gulches. The d e p ~ i t a  are at 
and Mow the poinh where the gulches leave the very stmp slopas and 
enter u p 4  the comparatively flat qra~e1-cavered floors of their rnaater 
valleya. The d8bris appears not to have been diatributad in typical 
d u v i d  fans, se by torrential streams, but rather aa if I% had bem 
borne in a msm and suddenly dumpd. It i~ therefore su-d that 
the hypothesjs statad above might be rnodsed sa as to make snow- 
slides or avalanchm rather than melting floods the agents which 
carried the dhbris out of the high gulches. h r d i n g  to either 
explmation the bowlder awumuIations are a mult  of the 
and early summer thaw. 

Tho dominant dructural fe~turae of the Matanueka V B B ~  bear a 
very closa reletion to the phpiography and ta the a d  distribution 
of the different kinds of rock The south fmnt of the Talkeetna 
Mounttlins, which hrminsf~  on s remarkably straight line parallel to 
the general mum of the Matanwka and about 6 or 6 miles north of it, 
is de~%&ed by a great fault or mne of faulting which wm foUow6d 
from ona end to tpe other of the area mapped in detail and which 
probably extenda for indebmimete dbtances fadher in either diroc- 
tion. It is b e l i e d  that this fault marka appmximahly the course of 
Little Susitna River below its point of emergence from the moun t a h ,  
and it poasibly extends emt of Chickdoon River dong the upper 
mum af Boulder Creek. 

The mountain md larger hiUs which inbmpt the lowland area 
south of the great fault are occasioned by their structural, featurn. 
Castle Mount~in and Wishbone Hill are synclinal masses. The hills 
in the Young Creek region am p d y  monocIina1 Mocks of Upper 
Cnetwmus sediments and partly intrusive bodies. 

The ht sxpmuras of the p a t  fault were sgen on the hesdwatem 
of Young Creek end in the. hilh nortb of Castle Mountain. In the 
former locality two approximately parallel fault plaaes wem ohwed 
at a distance of about half a mile apart. On the northern of these the 
grmiteit,hrust upon tha Tertiwysrkm. At Ehesouth~~rnfault the 
granih, which is overlain by the Tertiary arkme, is faulted sgaixrat 
the Upper C r e t m u s  rock PI. XVZ, section H-ECv; P1. XIV, A 
and B). The observed relations at this pdnt are shown in Plate 
X M ,  section H-Rt, and Plate VIT, 3 (p. 28). The fault whem ob- 
served north of Castle Mountain brings both the granite and the 
Lower Jurassic p01ceaic rock into contact with the Tertim rocks 
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mme in the granite and wme in the sedimentary mlts. Bhwa of 
both mka are mixed in irregular alternation within the zone. Tbe 
arkose is greatly induratd and resembles the igneous rock. The 
graniM is badIy fractured and containa seama of epidote, quarfiz, and 
calcite. O n  the wmt of Granite Chwk the relations ane as on Eska 
Creek. This fault zone extends eastward from E~ka Creek acmss 
Shmp Vdey.  There the granite not only mars above and north of 
parta of the arkme, being faulted a g e t  it, as just dmcrild, but 
dm below the arkose, lus on Mooso Cmk, being the basement 
upon which it & deposited, 

The approximately linear front of the northern edge of the Chngach 
Mountains, which liea about p a r d 4  ta the front of the Tslkmtna 
Mountaim, suggwte that the south w d l  of the Metmwka Vdley, like 
its north wd, ia de hermined by faul tfng. Unfortunably not emugh 
ohmatiom were made ~ o u t h  of the river to establish tIiis point fully, 
and the linear chmackr of the mountain front may be due entidy 
to truncation 01 the spurn by glmial erosion. 
The general chmwter of the etmcture of the valley is indicated in 

the sectiom on Plate XV. The sedimentmy m b  ham Geen strongly 
folded, so that stmp dips and complex structum are p m ~ t  through- 
out most of the m a .  At some places there is a continued uniform 
clip for considerable distan~68, but it is not known whe tber thia con- 
dition maana simple rnono~bd  structure or a sspetition of parallel 
fault bkcb.  At other p I m  there are frequent mmmale of dip, but 
thin again may be either gimpIe foldmg or mom c o m p k  faulting. 
In each of these ceeas the lack of definite knowledge conmrning the 
type of shctum is due to the ahno8  of recognized charnctariatic 
strata from whom distribution the structural details could be infererred. 

Ia two areas within the field t l ~ e  of structura is known with a 
fair degree of mrtainty. These arem are those owupied by the con- 
glomerate in the vieini ty of Castle Mount& and of Wishbone -Bill. 
The clearly dehed contacb of the conglomerate with the sd jacent 
mh, as wall m the various individual beda of conglomerate, here 
make it possible to defermine the actual structural details. 

Tha wmt end of Caatle Mounhin (see section EB', PI. XV) is a 
monochd block having a dip of about 6' to 20" NF. The saat end, 
as is &own in ~eotion A-A', P1at.m XV, ia s weline having s h a d  
muthem limb on which the &pa rtbage from 10' to 20' N. and a 
narrow, sharply upturned northern limb with dips of 60' to 90'. 
Possibly the northern limb of this syncline is cut ofF in the wmtern 
part of the mountain by a fauf t, or, on the other hmd, the ~ h c t u r e  
may kt dominantly monoclinal with local upturning of the strata 
dong the fault in the emtern part of the mountain but not in the 
western part. 



W~~hhne  FIU is in gemera1 structurally ~imilar to Castle Mountain. 
The emt end, 8s is shown in section D-D', Plnh XY, is 8 syncline 
pitching & q l y  bwmd the west. The west end is li ketffise synclinal, 
but tl~s northern limb of the syncline has h e n  cut by a fault in the 
weat end of the hi11 and in the valley of Moosa Creek, as is sbom in 
amtion EE', Plate XV, so that the conglamerste mass, as @ w e d  
on Moose h k ,  shown dominant northward dip and would, but for 
a few sxposures showing gentle southward dip, appear ta be s monw 
clind block. 

'Ilw pointg of dissimilarity between Castle Mountain and Wimhbone 
Rill are that in Cmtle Mountain the entire northern edge is bounded 
by s fault which has brought the arkosic rocka beneath the coal into 
m u h t  with the conglomerate above the coal, whiIe in Wishbone 
Ell the'fault is poasibly absent st the east end of the hill, so that 
the coal-bearing meka encircle the end of the oonglorner~te mm, 
and at h e  wsst end of the hill the fnul t is not of sufficient magnitude 
to  bring more than th3 cod-bearing rocks into contact with tho con- 
glomerate. The syncline at the east end of Castle Mountain pitcbee 
w e r d  the mat; fiat at tbe east end of Wi~hbno  Hill pitches toward 
the west. 
In the m a  south of the great fault between W t e  Creek and 

young Creek, occupied by Upper h t a e o u s  shales and san&tstones, 
the structure probably departs ody slightly from monoclinal. The 
dips a m  southmt, fluctuating b tween  30" and 60'. On the east 
md north of this area the structures are more mmplex in the vicinity 
of the p t  fault md of the numemns l a p  intrusive masses. 

Where the Upper Cretweous mka are exposed dong Matanuska 
River they me broken by a number of faulta and are considerably 
more crumpled and s h a t t s d  than st other locdities. Unfortunately 

- the + W a  me hacmsible for clom study, so that t h e  true character 
of the defo~mation and ita etructural significance are not known. 
It would seem, however, that the course of the river is along some 
structurdy important line. Tha upper part of Kings River also 
may be on such a line, for it marks an eastern limit of the Upper 
Cretaceous rocks and the western limit of both the Lower Jurassic 
whmic rocka and of one area of the Chickdoon formation. 

M I N E R A ~  RESOURCE&. 

mu. 

The coal of the Matanuska Valley occurs in sewral isolated Uds, 
~scl.ypatrtofwhi~hrtl.e~cludedin theareahsredascribed. Threeof 
tbeas coal areas Iie partly within the area described in t b  report, 
Of thege the Chickdoon field is situated mostly in the lower part of 



the valley of Chickalooa River but extends west as far as Kings 
River, south mrcm the Mstanuska into the valley of Cod Creek, and 
possibly ewt beyond the Chiekaloon Valley. The %ka-Mme field, 
which is second in area and importance, extends from the vallay of 
Eska Creek w ~ t  as far as >f0039 Creek and possibly into the gravel- 
covered area bqwnd it. The Young Creek field is intermediate in 
geographic position between ths Chickdoon and &ka-Moose fields, 
being situated in the upper part of the valley of Young (Little Kings) 
Creek. 

The areal extent of the assemblage of rocks which carry tbe coal 
ia indicated on PIates V and X n I  (in pocket), The meas indimt.4 
as cod-bearing m those which may carry cad as distinguished from 
the amaa (represented by other patterns on the map) which are 
&own not to carry coal. The areas of the '(coal-bearing mka" c m  
not be assumed to be underlain wholly by beds of coal of workable 
character and thioknsss. M~)rw]var, parts of these areas may haw 
no c o d  under them. The lack of knowledge as to the exact strsti- 
graphic position of the coal beds, the uncertainty as ta what strati- 
grgraphic parh of the "coal-bearing meks'kare represented by the 
se~eraI surfaco oukropa, and the concedment of the rocks by gravels 
over bmsd mas make the precise ems1 distribution of the coal a 
problem which can be solved only by drilhng or other undergmund 
exploretion. 
The mess of the Wta which it is believed mtty contain workable 

coal sra inclicatad in the subjoined tables. The h t  of thew tables 
shorn the m a s  h o r n  to be occupied by the "coal-beraring rocks," 
as d e k d  a h ,  and by the cong10:memtm and other bedq which 
overlie them. The second table shows the areas which may also be 
underlain by these rocka bnt in which, h a u s e  of mncealrnent by 
graveh OF of other lack of defite information, &em fa a possibility 
that other formations may be present. Tbeea eatimstm are p m  
visional and are subject to modification, perhapn wnaiderabla, when 
the region is more thorougMy prospectad. 

Vallej, of ChicUmn and K h g  rivere. .......................... 44 
South of Matanwka River between Rings Mount& and: eaatetn 

edge of area ahown an Phta V (in pocket) ....................... 8 
Vdle y of Young Greek. ......................................... 3 

................................. Vsllep of Mooee and Eeka creeh 19 - 
74 

hean of +Ic a- of the mppoacd mat-bmhng weka. 

Bqom mllea. 
Lower prtn d d e y a  of Rnga and Granite creeka ................. 8 
Valleys of Mmm end E e h  creekn ................................. 16 - 

24 



The coal beds of the part of the Matanuska Vdey here under 
discussion we dl known to be of Tertiav age m d  to agree approxi- 
mately in general stratigraphic position with the mal of the Kenai 
formation on Cook Idet. They al l  occur within the Chickaloon 
formation, which is the middle loed division of the Tartiarg rocks as 
grouped in this report. Their exact position within this formation 
has no& been determined, but they seem to be in general dktributed 
throughout the greahr part of its thichess. Nothing dehite is 
h w n  as to the persistence of indiPidual beds or of groups of beds. 

The following pageg mntain measured mtioks of d the ma1 beds 
which were a d b l e  either in natural exposures or in prospect 
openings or tuands. The looation of the sections is shown by the 
numbers, which carrespond to those on Plate XVIII: (in pocket). 
No athmpt has bean made ta c o d a t e  the beds, as the complex 
structure, the abrupt c h a w  in tbicknms, and the fact that most of 
the beds b v e  not been traced from pint to point make codation 
impossible. The sections me arranged in order frum eagt to weat. 

sble. .  ......-.-......... .. 
Cml (mmplea 6, 7, p, 90). .. 

Gmy shale with iron~tone bands. 
%E. -...................... 
W e .  ..................... 
cad .-...................... 

................... Gray shale.. 
Goal. ....................... 

w e .  ....-.....-..-.........-. 
coal. ...........-........... 
t3hle.. ......-.-.-......... 
C-1. ....................... 

soft grey hale.  
8f&e N. 83' E., dip 44' SE. 
s.EsstaclrLaiowJCre&Jr4LOaIostfrm 

mouth. 
soft dark W e .  ~ t .  in. 

.. cod (L%mplea 8, 9, p. 90). 2 2 
Parting. 
W(mmplea&,9 ,p  .90)... 1 6 
San&tone ................. 2-6 
Coal (8&mplm 8,9, p. 90) - . - 1 

#oft sbde. 
Strike N. Me W., dip 70' B. 

I n W v e  aheet and coke.. ...... 
Coke. ...................... 

..... Intrusive &eet with coke.. 
Bhls. ......................... 

Coal (mnplee 10,12. p. 90). 
Sble.. .................... 
Cod (-plea 10,11, p, 90). 
Shale.. .................... 
cod ...................... 

Soft shale floor. 
Strike N. 89O W., dip 70' 8. 

I Wed - of a d  urwk 6,866 fsst f m  
month, at elwatl.00 l,W feet. 

Gray shale. Ft. 
WI .......................... 6 

sme .............................. 3 
coal(tuyy) .................... ri 



&done of coal be& in lomcr 

L W ~ b m L o i O d ( R w k 8 .  8Y M- 
Em+& . 

Gray ohale . FL o . 
cod ...................... 8 

...................... S W e  &2 
Goal ...................... 1 8 
Shdawithsomecd ...... 1 7 

Cfrsy &ale . 
Strige N . 71' E., dip 60' NW . 

I.- brrL O f  O d  tlrwlr 7. loom w 
mouth, at srmthn 1 s  i d  

Cftay shale . FL Y.. 
Coal ...................... 4 7 
Shde ...................... 2 
CoaI ....................... 3 
Bh ale ...................... 
cad 

* .....*...*............ 8 
Shale ...................... 1 
cod ...................... I 
6hmIe ...................... 2 
Coal ...................... 1 7 
Shde ...................... 1 
CoaE ...................... 11 

Cmhnmueshale ............. 2 6 
Ehde and coal P W  by dike .. 0 

Sttike N . 6 P  E., dip 65O NW . 
7 . B a d o f ~ ~ h d f & p t l l a b m m  

ah- 

p m  ~n PI . XIX, A, p . nj 
Blwk sbale . Fk fn . 

coal ..........*........... 7 
Cod, bony ................ 4 
Shale ...................... 5 
C d  ...................... 6 
8hde, Hack ................ 1 6 
Coal ........................ 2 

h e a l e d  ..................... 1 

n 

makdo0.n sd. 
F t. sh& .......................... 3 

Coal ........................ 
6Me ...................... 
C h I  ........................ 
R U e  ...................... 
C Q ~  ........................ 2 

Sbde and =&tone (horse) ..... 10 
Coak ........................ 
Bhdewithco a l & i q p  .... 1 
cod ........................ 
Elhale ...................... 
Coal ........................ 
Shale ...................... 1 
Cml ........................ 
Shale .............. ... .... 
bl ........................ 4 

w e  . 
a.maUd4- 

Pt 
Coal.. ...................... 3 
Bone and -1 ............. 
C0wl ........................ 14 

Shale .......................... 12 
w.... ................... 
Bone and M e  ............ 
Coal ...............rn........ 

all& .......................... 12 
.caal ........................ 3 

Shale and sandetone ............ n 
Bk&e N. 43O W., dip Go. 

.......................... I Shale 6 2  
c!d ........................ I 4  



MINERAL RESOURCES . 7 9 

Sfdwm of coal beds in lowa- 

9 . Tunnel A, Chlckrrloon-Continued . 
Ft . in . 

........................ Coal 2 1 
Coal1 ...................... 3 4 
Shale ' .................... 11 
Coal1 ...................... 1 10 
Shale .................. ... . 5 
Coal ........................ 2 1 
Shale ...................... 3 
Coal ........................ 8 

...................... Shale 3 
Coal ........................ 2 9 
Shale ...................... 2 
Coal ........................ 1 0 
Bone ....................... 7 

Shale .......................... 12 2 
Coal ........................ 5 
Shale ...................... 5 
Coal ........................ 8 
Shale ...................... 5 
Cosl ........................ 1 8 

Shale .......................... 7 
Sandstone ..................... 7 11 
Shale .......................... 2 8 

Coal ... ..................... 
Shale ...................... 
Coal ........................ 
Shale ...................... 
Coal ........................ 

Shale .......................... 3 4 
Sandstone ..................... 6 1 
Shale .......................... 18 4 
Sandstone ..................... 1 0 
Shale (at entranceof tunnel) ... 41 3 
8 u e  toutgi& of tunnel) ........ 2 6 

Coal ........................ 6 
Bony coal 4 .................. 
Shale 8 ...................... 
Bone ........................ 5 
Shale 5 ...................... 

Talus dope . 
10 . Tnnnel B, Chlckaloon . 

F~ a ,,, . 
W e  .......................... 7 8 

Coal ............... ......... 1 3  
Bone ....................... 4 
Coal ........................ 6 

Sandstone ..................... 5 9 
Coal ........................ 1 9 
Bone .................. ..... 1 
Coal ........................ 9 8 
Streak of bone . 
Coal ......................... 4 10 

SaudeCose ..................... 10 8 
1 Crosscut goas 

Matanuska Valley-Continued . 
10 . Tannel B. ChickaIoon-Continued . 

Ft . in . 
................. Shaiy coal 7 

Sandstone ..................... 1 6 
Bony coal ............. .t. .. 2 5 

Sandstone ..................... 1 1 
Coal, with streaks of bone .. 4 

Sandstone ..................... 13 1 
Coal ........................ 2 4 

Sandstone 9 5 ..................... 
Crusted shaly coal ......... 3 
Coal ........................ 3 6 
Bone ....................... 1 

Shale .......................... 6 
Coal ........................ 10 
Bone ................... .... 3 
Coal ........................ 4 

Sheared shale .... 2 ............... 
Coal ....................... 3 
Bone ....................... 7 

Sandstone and shale 65 ............. 
Strike N . 48' W., dip 7 6 O  SW . 

11 . Tunnel B, Chlckaloon . 
Pt . in . 

.......................... Shale 7 4 
........................ Coal 2 4 

Shale with coal and bony beds .. 5 6 
........................ Coal 1 6 
...................... Shale 3 

COal.......................* 
2 
1 

I'legular maea ........ 5 
11 

Shale ...................... 8 
........................ Coal 11 

Shale ...................... 4 
........................ coal 1 6  

Shale h t h  many coaly beds 11 
........................ Coal 4 2 

Shale with coal and bone 
partings ................. 7 

Shale .......................... 9 
Coal ........................ 7 
Shale ...................... 2 7 
Alternating coal and shaIe .. 3 2 
coal ...................... 3 10 

Shale .......................... 12 1 
Bony nodules ............... 1 
Goal ........................ 5 

Shale .......................... 8 9 
Shale with coaly streaks ......... 1 10 

Coal ........................ 7 
Shale ...................... 4 

south on these beds . 



pmmt isce of Lhis tunnel . 

of cod bt& tn ?mow 

u . W B .  ~ 0 ~ 1 1 t h ~  . 
Pt  . In . 

Coal ........................ 2 4 
..................... Shale 1 8 

Coal ......................... 3 
W e  .......................... 6 B 

Coal .................... .... 9 
Shale ...................... 5 
h l w i h b ~ h d ~  s...... a 4 
Bone and Bhals with some 

coal ..........*.......... 
Shale ...................... lo 
Coal a d  hone ............ 11 
Shale and bonen ........... 9 
Coal ' ...................... 2 10 

we ......................... 1 1 1 0  
Coaly shale ................. 
c o a l ~ t h ~ e ~ ~ ~ ~ *  I 5 

... SWe (entrance of tunnel) ... 33 
Str ike N. 48' W.. dip ti?* 

Ze . T m d  1Co . P. - 
Hard ahale . Ft . in 

Bone ....................... 5 
8 CoalPS .................... 
5 Bone ..................... 

.................... Cwrlzs  2 4 
..................... none 3 1 II 

21 Caeh a 8 .................... 
Rnny coal ' ................ 

................. RhrtIe and bone 2 8 
.................... Coal a a 1 10 

Coal. with nome bone .... 2 6 
Coal = =  .................... 2 
Boae ..................... la 

...................... Hard &ale 17 6 
Gal 6 ........................ 

8hIe (at mouth of tunnel) 20 ..... 
Dip 'Imortt mouth of 

tunnel . 
la . -saSw ~ t -  

cod ........................ 3 1 
8ble ...................... 4 

...................... C-I' 2 
................. Roay ma1 1 

Ghale ...................... 7 
....................... .Cm1 1 2 

I~ tgueaS ,WW. (~~ thesabedstobrmoe l9 .  
a ~HCILIM ~a I. p . ~o . 

Xatunwka Ta'aUsy--Continued . 
Is . Taamalrn~¶, -taed . 

Ft . In. 
Shde .......................... 1 2  
shale and bony c d  ............ 1 3  

Caal ' ..................... 3 4  
Bony -1 Me ........ 1 7  

8Me 18 .......................... 
B o n y d L  ................ 1 
Coal4 ..................... 2 9  
h g  ad* 10 ................ 
.......................... W e  14 

Timkbg ...................... 11 

1 4 . M X 0 . l , ~  pt . In . 
Shale 10 .......................... 

........................ 1 4  v ...................... 8 
Bone. ...................... 6 
W7...................... 7 

Wearithdntreaka .......... 4 6  
S f i a  TJ . 81° W.. dip W, ?be, 89' NE . 

l S . w m & % W  ta 

........................ Coal 1 3  
...................... GhaIe 3 

Coal ........................ 3 9  
m e  2 ...................... 

. Gd.8 ...................... 4 
.......................... R u e  36 

cad* ................... .-. 1 9  
.............. ..... ShrrIeB : 2 3  

...................... Coal9 1 1 0  
Shale with coalg .... 

Bhde .......................... 49 ... C d  (l2nxwxt gaeasouth) 3 4  
Shale.. .................... 1 
Coal ........................ 10 

ghats .......................... 6 
Timbered (entrance of tunnel) . . 10 

18. 0. o w a o a  . FL lm 
....................... m e  l o  
........................ B 

Shale ...................... 4* 
C d  ........................ 2 1  
&al,m~reatles~nhdy ...... 3 2  

Shale .......................... 9 6  ...................... Tim- 12 
(mriOhU 

I ~ncluded In sampk- 8. p 'BO . 
I cmw-ut g~ss south QI Qus lmd . 
b C m t g w s n o r t h o a  t h l s M t o t d B  . EBee-L) 
mCr~sscut g r a  southtoralrae . 
* lnc~uried LU smple 4, p.m. 
aM*un=mPnt mmedeonffwrd t m m d b u t d ~ s c ~ ~ ~ r t ~ M h T * ~  
1 The C r ~ r ~ t  g ~ l n g  WUU1 to & itom t-I2 a d d  be Im thlr had . 

~The3fotrtI incbrasl  mcrossEut gohlgsDuth- t d 3 & d d  W u l O u  bsmm 



MINERAL RESOURCES . 
Sections of coal beds in lower ~ a h n u s k a  Valley--Continued . 

17 . Tunnel D. Chickaloon . 
Coal ........................ 

Shale to end of timber .......... 
Strike N . 80°W., dip 64O N E  . 

18 . Tunnel E. Chickaloon . 
Coal ........................ 
Bone ....................... 
Coal ........................ 
Bone ....................... 
Coal ........................ 
Crushed shale and coal ...... 
Coal ........................ 

Sandstone and shale ............ 

... .. 
. ,s>s;:+-.-TP, . Emmd Ro . C Chleksloon . 

- ~ r ~ ~ ~ e  .......................... 
Coal ...................... 

Shale ................ .... .... 
Bony coal ...................... 
Shale .......................... 

- ;  Coal ..................... 
Shale .......................... 

Strike N . 89' E., dip 51' N . 

21 . East bankof Kings River at  bend beloar coal 
camp-Continued . 

Ft . in . 
Carbonaceous and concretionary 

..................... shale .. 1 2 4  
Shale with many thin coal 

streaks ................... 74 
Coal ..................... ... 8 

Gray shale with ironstone nod- 
ules, and eandstone .......... 153 

Shale . 
Coal ........................ 5 
Shale ...................... 1 
Coal ................ ... .... 
Shale ... 

64 
................... 

Shale with small coal streaks 
3t 

and lenses ................ 2 
Coal ........................ 8 
Parting . 
Coal ........................ 
Shale crushed into small 

1 1 4  

pieces and slickensided ... 6 
Coal .................... .... 2a 

Shale .......................... 4 2  
Bright coal ................. 8 

. 20 . Tunnel F. Chickaloon Ft. in. 

Coal ........................ 
Shale ...................... 

. 
..... Coked coal and baked shale 8-c 

Diabase sill . 
Strike N . 15" E., dip 31" SE . 

............. Bone and coal 3 
......................... Coal 1 5 .-* ..... ..... W e .  ..................... 8 

Coal ........................ 
2 Bone ....................... 

Coal 2 5 ........................ 
Shale ...................... 
Coal 1 ........................ 

- Shale,, ... .. .  ................ 
Coal ........................ 

Shale (to cave.in) ............... 7 
Strike east and west, dip 70' N . 

bank of Kings River at bend below coal 
camp . 

[Included in section on p . 47.1 
Ft . in . 

Dark shale with borntone nod- 
rd9a . 

Coal ........................ 1 
Shale ....................... 1 4 
Coal ...................... .. 53 
Parting . 
Coal ................ .. ..... 10 
Shale ................... ... 6 
Coal ........................ 34 

........................ shale 
coal ........................ 1 

1 Included in 

8% Tunnel on east bank of Kings ILIver 100 yard8 
. above upper bridge . 

Ft . in . 
Dense, impure coke ......... 5 

..................... Bony shale 1 
........................ Coal 1 
...................... Shale 1 

........................ Coal 8 
....................... Bone 1 
........................ Coal 1 2  

.................. Bony coal 9 
........................ Coal 2 6  

Hard . 

28 . Open cut 10 feet south of preceding section . 
~t . in . 

............. Coal (no cover) 3 
...................... Shale 2 

........................ Coal 1 2  
............ Soft impure coal 2 

........................ Coal 1 8  
Shale ...................... 3 
Coal ........................ 3 
Shale and coal .............. 7 
coal 2 8 '  ........................ 

Hard shale floor . 
sample 6, p . W). 

9949'-Bull . 500--1 2 - 4  



TBE LOWER I16ATANUBKA TdLLEY, AWLSKL 

8- of coal bads in Matmuaka Vdk+hntinned. 

#. n p  f i r  ut u r n  mdm -Me. 
rt. In. 

Bone and c d . .  .......... 7 
Cle&ll C O ~ . .  ............... 1 7 
......................... 4 8 

Concealed &ort dlslancs. 
h h e d  coal dth Icmsee of 

About 30 feat stmtigmphidly a h  
rwction 28 ia mether cod at P& 6 
and @b1y 10 feet thick, and again 30 
feet higher and &out 80 feet higher are 
& beda largely hy dm. 
87. wad - ot ~ o u m g  creak a1 muw B- 

mouth. 
bone ................... 5 7 

Fhle ......................... 1 7 
Sandyshale 4 .................. 

b l  2 10 ....................... 
Bone.. .................... 
Caal................----*.. 2 la  
Cml and bone. ........... 

....................... Coal 11 
Bone.. .................... & 

....................... b l  2 5 
5.trjke N. 1 5 O  W., dip 42" ME. 

~ ~ ~ # O Z l l W ~ ~ o f ~ ~ ~ * t  
a m  bddre. 

[on aamo bed as pffcedln~ otutlwr.l 
Ft. h. 

W1'...=........=......... 2 5 
Band&mee.. ...... .. ....... 2 
Coal ' ...................... 1 4 
Shale.. .................... 1. 
call ..*....--...*.....-.---. 1 6 
Sandatwe.. ............... 3 
Bonycoall ................ 1 r  

Sandstone., ............... 1 
I;oal I.. ............-..... .. 3 4 

Strike N. 16* W., dip 42" RE. 
$8. QukR on north- d b  ef mrmntsla 4 

mllw north of tba =nth ot %urg O m k  
("Red I089tnlQR'). 

Shele. pit- 

Cad (detds  obnnue, total 
thickness &hated..... ?& 

Coal ........................ 6 
- Bbale ...*....*............. 11 

...................... Coal1 1 2 
Shale.. .................... L 
Coal 2.. .................... 6 
Shale.. .................... 14 
Coal a. ..................... 7 
Shale.. .................... 9 
Coal t. .................... 4 
Shale.. .................... 1 
Cml a ...................... 2 
Shale. ..................... 8 
Cortl' ...................... 2 

gtrike, on mandsltone blow, R. 67 E., 
sip w" SF;. 

3 Zneludsd in -pled k-2 and 18, p. 90. 
1 f ncluded in sample 1-1810, p. WJi 

Shde* f i i n  
...................... W a  1 

.......................... Shale 15 
....................... Cod. 6 

M e  with sandatone bun&. 
Strike N. 15- E. (magnetic), dip 

200 NW. 
9 8 . W U r - O I P ~ - . t ~ - # M  

rmt. " - .=-- -*-+.. 
W e  and sandstone. Ft. in - 

b l '  ...................... 1 3  
Shale. ..................... I 

..... ................ &dd I 1 4  
B M e  ...................... 1 

.................. C o a P , h y  1'3 -+ 
Shale.. .................... 1 
Conl, bony .................. I I 
Shnle .................. .... 1 
Gal with some eh& and 
bone .................... 2 8 

R h I e  ................. L..+-.. 6 
C d ~ E & d e  ..................... 2 

Shike N. IE7O E., dip44'IW.- =;,_ 
A mom complete s d m  in tlhe eame 

b d  f o l h :  
88. wwt bpmb of ~ s k a  amah, at h i i o u  988 

isst. 
FL Srh ................... 8sndetone 15 

....................... M e  -., 2 .6 ..-:. 
.................... Conl.. I 

Parting. 
Cod. ..................... 5 
Parting. -. 

Coal., ..............-..... 5 ' -  ' 

Parting. 
Coal................+. .... 1, 6 
Coal with &alp u h b . .  . 7 
Cod. ..................... 103 

.................... fihale 1-21 
Cml (s hard Btony ndula 

wan aeen in thh bed}. . 3 1 
............. Coaly shnle.. 1 5 

Coal ..................-.-- 1 
Bhde.. .................. 1 
Cnal ...................... 3 

............. Cody ehale.. 3 
P b j u d a d  la ssmple 16, p. Rl. 
4 Iacladed In wt~ple 17, p OR 



'*.h., "' ;.p- 
;;+,,.,,! + i-,. 

I . .  C3A- *!<I' I: ',',?>,I tjA'!K c) LLlh,5 21:I.CK : A '.' _ E L  F.s.'P-H I ,  M-iTANUSKA RIVER. 
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Seetioras of wal beds in tower Matanwka Valley-.Continued . 
29 . West bask of Esks Creek, a t  elevation 926 

feee-Continued . 
Ft . in . 

.................... Shale 1 
Coal (a hard stony nodule 

... was seen in this bed) 7 
Parting . 
Cod .................. ... . 8 
Shale .................... 4-1 
Coal with several thin shaly 

beds ............... ... 10 
Shale .................... 8 
Coaly shale ............... 8 
Coal with many thin shale 

bands ................. 1 7 
. . *&I ( d t h  silicified logs. 
/ 

especially at the top) . . 1 2-4 
Shale ........................ 2 4 ~  

Major cleat S . 42' E., dip 83O SW., not 
well developed . 
Strike N . 57' E., dip 42O NW . 

81 . West bank of Eska Creek 8. 600 feet below 
forks-Continued . 

Ft . in . 
Rusty shale .............. 13-2 
Coal ...................... 4 -6 
Shale .................... 23 
Coal ...................... 5 
Sandstone ............... 1 -2 
Bony shale ............... 23. 
Coal ...................... 31 

Shale and arkose . 
Strike west, dip 36O N . 
About 100 feet above is the following 

section: 

82 . West bank of Eska Creek 8. 600 feet below 
forks . 

Shale . 
Concealed . ~t . in . 

Coal ...................... 5 
Shale ................ ... . 11 
Coal (clav-ironstone nod- 

80 . West bank of Eska Creek abont 800 feet np- 
stream h m  preoeding seotlon . 

Shale roof . ~t . in . 
Coal1.. .................... 3 3 
Shale ...................... 3 
Coal ........................ 11 
Shale ...................... 5 

. Coal ........................ 6 
Shale ...................... 6 
Coal ........................ 4 
Shale ................. , .... 1 
Coal ........................ 9 

Soft black shale . 
Dig north- . 

81 . Weat bank of Eska Creek 8, 600 feet below 
forks . 

[Shown in PI . XVII, B.] 
Shale . Ft . In- 

Shale with thin coal beds . 3 9 
Coal ...................... 1 
M y  shale ............... 2 
Coal- ..................... 9 
Rusty shale ............... 1 
Coal ................. .. ... 63 
Parting . 
Coal ...................... 11 
Parting . 
Coal .................... .. 4 
Shale parting . 
Coal ...................... 1 9 

1 Included in sample 18, p . 90 . 

u~es' in" a 23 to 5 ;rich 
layer near top) ....... 2 2 

Shale .................... 11 
Coal ...................... 1 1 

................ Shale .... 23-34 
Shale with veins of coal . . 1 5 
Coal ...................... 3 
Shale with veins of coal . . 7 
Coal .................. .... 61 
Shale parting ............ 
Coal ...................... 

3 
83. 

Shale .................... 3-1 
Coal ...................... 21 
Coaly shale ............. 11 

Major cleat S . 30' E., dip 90° . Minor 
cleat N . 53' E., dip 50' SE . 
88 . East bank of Eska Creek, at elmation 950 

feet . 
Shale . Ft . in . 

Coaly shale ................ 1 
Sandstone ................. 13 
Coaly shale ................ 

........................ 
11 

Coal 11 
Shale ...................... 2 
Coal2 2 8 ...................... 
Parting . 
Coal with shaly bedding .... 1 

Shale and arkose ............... 22 
Arkom ......................... 7 

Major cleat 8.43' E., dip 88' NE . . minor cleat not well developed . 



86 THE LOWER MATANUSKA V A L ~ Y .  ALASKA . 
Sections of coal bed3 in lower Matanwka Valley--Continued . 

87 . West bank of E8ka Creek abont 1. 100 feet 
below forkn-Continued . 

Ft . in . 
Shale ......................... 8 

Coal ................ .... 2 2 
Shale ..................... 1 
Coal ................... .. 1 2 
Parting . 
Coal ..................... 1 
Coaly shale ................ 2 10 
Coal ..................... 4 

..................... Shale 
Coal ..................... 
Shale ..................... 
Coal ................. .... 23 
Shale ... ... .............. 
Coal ..................... 9 
Shale ..................... 
Coal ..................... 2 

1 ..................... Shale 
Coal ..................... 1 7 
Shale with thin bands of 

coal ................. .. 3 
Shale 3 9 ..................... 
Shale with thin bands of 

coal 4 2 ................... 
Coal .... 1 5 ................. 

6 Shale ....................... 
5 Coal ..................... 
2 Shale ..................... 

Coal 2 ..................... 
Shale with ironstone nod- 

ules .................... 9 
Coal ..................... 
Shale ..................... 
Coal 1 4 ..................... 

.... Shale with coaly bands 5 
Coal ................... .. 1 3 
Shale ..................... 13 
Coal .... 5 ................. 
Shale with few thin bands 

ofcoal ................ .. 2 3 
Coal ..................... 4 
Shale with many bands of 

coal ............... .... 8 
Shale, with ironstone ......... 13 4 

Shale with a few bands of 
coal ................... 7 

Coal (not well exposed 
where measured) ....... 2 

Shale ..................... 3 

37 . West bank of E&a Creek abont 1. 100 ieet 
below forlss-Continued . 

Ft . in . 
Coal ..................... 
Shale ..................... 

23 
36 

Coal ..................... 10 
Shale ..................... 26 
cod ..................... 6 
Shale with thin bands of 

coal ................... 2* 
Shale with some ironstone ..... 2 7 6  
Sandstone, upper foot shaly 4 .... 
Shale with some ironstone nod- 

ules and petrified sticks ..... 1 9 6  
Ironstone .................... 3 .- 

... Shale with bands of coal 1 9 
Coal ..................... 73 
Parting . 

.................. Coal ... 1 1  
Shale ..................... 3 . . 

................ Ironstone 4 
..................... Shale 1 3  

................ Ironstone 3 
........... Shale ...... .... 1 

... Shale with bands of coal 10 
Shale ..................... 7 

..................... Coal 6 
..................... Shale 1 1 0  
..................... Coal 5 
..................... Shale 10 
..................... Coal 4-12 

... Shale with bands of coal 1 4 
Shale with sandstone and iron- 

......... stone nodule8 (cliff) 37 
Coal (petri6ed log seen in 

............... this bed) 10 
................ Coaly shale 2 

.................... Ironstone 4-8 
...... .............. Shale .... 8 

.................... Ironstone 8 
Shale ......................... 3 5  

.............. Ironstone nodules 7 
.. Shale with ironstone nodnl es.. 3 4 

Shale with little stringers 
................. of coal 5 

..................... Shale 1 1 0  
... Shale with coaly streaks 10 

.............. Ironstone nodules 5 
Shale with ironstone nod- 

........................ ules 3 



Ft. fa. 
.......... Clny immtnne ... .... 2 10 
.............. Gray bile shale 4 

Sandy ~hde ,  8omewbt rn 
.... 

a, Zmh 1,AM fort a b m  Wrd fmka, at 
ommuon 1,- fast. 

BWe. FL la 
W y  ahale ................ 8 
Coal. .................... 5 

................ h i y  shale 2 
+&p12p'tlt msny thin shale 

/ ,  bands.. ............... 6 
Bhale . 

Strike N. 86' E,, dip 6.5' BE. 
as. xut bank of noom amok L B , m i e ~ t  a b m  

V. n. h d  ~ Q U W O B ~  NO. 8. 
.,. .. Cdmmcmua  hal la with iron- 

Btone d u l m .  
kbonsceoua shale with -ma pt. i~. 

of bony cml.. .............. 1 
COB1 7 - . . .  ....................... 

.......... Bone and shale. 1 
Coal. .................. * .a .  10 

..................... ,,:;.. -, :. E4m. -. ' 

2 
C !  .................-.. ... 9 

gbalewithcdy&reaka ........ 7 
Goal ......................* 1 
shrrle. ...............-.-.. l b  
coal ....................... 3 
Bhd8.. ................... 3 

.cad ........ ; ....... : ...... 1 5 
Bone.. ............... .. * + I 
con1 ..................--.-. 10 

Ndular ahale. 
Strike N. 65- E., dip M0 SE. 

FL In 
M e  ........................ 58 
Arkoaa ....................... 8 
Shale-- ...................... 10 

Bone,. ................... 1 
Parting. 
C d  2. ................... 
Fading (dkkemided). 
Coat. -........--.....---.. 
Gml, eomewht bong.. ... 
Coal with &sly banda.. .. 

Black W e  with few d y  
I7treab.. ................-.. 

Coal with shale Btreaka. ...... 
Black &ale ................... 
Ironaton a  concretion^. ........ 
B k k  and gray &ale.. ........ 

C d ,  dirty ..............-- 
Shale.. ...................... 
Cod with lenses of ferruginoua 

.... nodules 2 inches thick.. 
Shale with some coal. ......... 
Shale with h o d m e  nodules.. 

Impure cod .........*-... 
Shale with ironston% nodulm.. 

Coal with much ahale. .... 
. Shale and i d n e  ndules.. 

Impure cml. ............. 
Shle  with noddm and a few 

thin band8 of c d .  ........ 
Coal with l e n m  of ferragi- 

nous nodules, 2 incbee 
thick.. ................ 

Strike N. 78"E., dip 71a PtW. 

a. E u t  W of M a o l l  Creek rbout 100 1udr 
w o w  =PDQ O L b .  

~-&&hanlfemlginousinclu. h, 
dona .....................-. 3 

$hale ......................... 2 
Coal (bright) E. ........... 4 6 

Shale and 8andsEone rwf. Pt. ta 
Dirty 4.. 7 ............. 

Bhale ............ : ........... 3 
.......... Sandstone ndnlm. 1 
.......... Bone and c d .  L 3 

.................... Bone. 1 
Ehda.. ................... 2 
k l ( b . ; S h t a a d W ) ~  ... 7 
SoftahPFycoal *...*......*. 1 

&ft &tale with abundant h n -  
ore ooncretione. 

...................... Crxal 3 
............. Bono and d d e .  3 

...................... Coal 1 3 
.................... Bone. I 

............. cad .....--.. 6 
........................ S k h  N. 77" E.,dip4S0NW. Shde I 

l ~ i n m a p b 2 @ , p 8 1 .  
n y r J a ~ H . I g L . , d l p I B g B E ;  d n a & t N . I ~ W . , d t p 7 4 . H E ,  



S&ims of coal beds in Zloeow Wabanwka ValE-Continued. 

49. O m d g b t b  of a mile b l o w  upper mbfn, 
Xoow Ore&--Continued. 

Ft. In. 
Shale and sandstone ........... 3 6 

Cod.. .................... 8 
&Ie ........................ 1 
M e  and mndshne .......... 3 4 

Coal. ..................... 8 

W s h e .  ~ t .  h. 
Cml. ................ .... . 2 
Wandstone. .............. 1 
Brightcoal< ........ ...- 2 4 
1Shale.. .................. 6 
Brightcoal '............- 2 
DuHcd' .  .............. 1 2 

Raar n p m  end of Yoom Creek mrgu at 
slemtlon 7W het-%ntinad. 

Ft. in. 
Shale.. .................... 4 
Dull cod ................... 1 6 

Fhh. 
Strike N. 7g E., dip 2d0 SE. 

re EM 01 roow cm* 1 , s ~  iset WOW 
Ddtbd Stmtaa land monument No. &. 

Shale. ~ t ,  in. 
coal. ....................... 2 
Shale.. .................... 2 
Coal ........................ L 4 
Feq inow noddw ........ 

,. 
2 

. . .  Cod. ........................ -.,:?-.5. *,, 
Coal and shale.. ........... 9 -- 
cad ...................... 6 
Bone. ...................... * 

........................ CoaE I 
Coal with semi thin beds 

... ........ of &ale... ..... 2 9 
b y  W e .  
Sandatone. 

Strike N . 2 9 O  E . , dip 4 2 O  SE. 

The c o d  of the Matamaka Vdley is of three kind-anthracite, 
' 

high-grade bituminous, and low-grado bituminous. Of these only 
the lest two have been found within the area mapped in d e t d  in 
the investigations here demribed. The anthracite occurs farther 
east md has been demribod in earlier reports.' 

The high-grade bituminous coal occurs on the ao-ir&?%&e df the 
Matanuska, east of and in the vicinity of Cod Creek, and on the north 
i d e  of the river in the valleys of Chickaloon and Kings rivers. The 
low-grada bituminous coal i known in the valleys of Young, E&a, 
and Moose creeks. 

The high-grrtde bituminous coal is fragile and soft, like most cod 
of thie kiud, and the bods show the effects of having beon mverely 
crushed and at mmy p lam are without any well-dsdined bedding 
planes or planes of fracture. The friability of the coal is such that it 
will probably not stand shipment without being badly crushed. 
This is not so great a detriment as might at h t  aem, because many 
of the beds contain so many impurities that the coal from them ought 

1 mnaed in mple I*, ,p. 91. 
a -In, Q. c., A mmmakmce of the fleld, Alnsk  Bull. U. 8. Oml. B q N a  !SO, 

l q  pp. 1%19,2&%% Pa@, Bidney, nnd Kmpf, AdoIpb, (3eolPglc mnnalsmca in ths MatanmLa md 
Tnlkeetnabaslas. Alas& Bd. U. 8. Q d .  k m y  Na iW, IPW, pp. 5%M, 68-68. 
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to  be c m ~ h d  ~ n d  washed. It is, moreover, bighly probable that 
much of this coal will be used in the manufacture of coke, a purpose 
for which lump ma1 is not dwired. CoaI which possessea coking 
properties, ss much or all of this con1 does, can be burned as slack 
.about as well as in lumps, for the slack coal when thrown into the 
furnace wilI fuse and cake, thus preventing loss of urd through the 
Ph. 

The low-grde bituminous coal on Moose, Eska, and Young croeks 
irs on the border line between bituminous coal and black lignite. It 
is ha'der than the highasgrade ma1 farther east. Many of these 
beds have not been crushed and a larger proportion of lump cod can 
probably be obtained fmm them in mining than from the coal beds 
d r e. This coal possesses no coking properties and will 

under stationary or locomotive boilers. It is not so 
good for this purpose ~s the coal from the east end of the fidd, but, 
becnuse the I ~ t t e r  is well suited for the manufwture of cake and for 
usa as smitlbing and naval coal, it will command a higher pdce and 
thus probably leave a lower-price market for the pooror coal farther 
west. Tho low-grade coal can pmbably be mined and ahipped more 
cheaply than the hqh-grado conl. The two kinds of coal will, t o  s 
certain cxtent, be noncompetitive, caeh having its own special 
markets. 

-A& AULtPalCS AXD TEBTB. 

. . The following table indudes charsotaristic andpes of coals from 
+ -  - 

aarions pa& of the area. Sample 1-1910 was taken during the 
invmtigatione here described. The other analyses have been pub- 
W e d  in Bulletins 289 and 327 and represent samples collected in 
1905. All the snrnplt!s exc~pt  Nos. 2215 and 2227 wers obtained 
from sudace prospecte or from outcrop and were comequoatly 
somewhat tmithered. Samples 2215 and 222'7 came from a tunnel 
st a distance of 43 ta 58 f ~ e t  from tlie mouth of the tunnel and 
probably under about 25 or 30 feet of cover. 



No. of 
m 

- 
1 
2 
8 
4 
6 

8 
7 
8 
Q 

10 
ll 

12 
18 
14 
I5 

18 

W l o  
L7 
.18 

- - 

......................... 
................................. ................................. 

Avtvage af amlya~ I-&-. ..... 
Motsnusks fEfPar, mth side. 8 m f b  nbove C ~ o o n  creak.. .. .... .do.. ... ..... -. ............................... ... ... ... 
Cosl Creek, f mDe above mouth,. ................................ ..... ................................. 

Iuver, art  bsnk., uppr Mdge.. 

do .......................-........ 
..... ....................................................................... Creek, p ma6 a b e  rnoutb. 

do 

Avarege OleAdyM €41.. 

.......................... .3.. an& 9.9 
.... ............................................................. 0.9 

Rhrer. .............. ............ ......................................... 
. 9 0 . . .  ........................................................ ..- ........ 

Avamge of aualyw 12-16.. . .... 
..... rma 1.0 

Arerege 01 a n d m  M6.. 

EedJaounlalo(YoungCmek) ...................... A* ........... 





dmfyum a d of X - d a  mak - .. 
Ultfmata nnalpsts. Calodih Ynllra. 

Thlck- 

BMtrll 1.P zF tb-1 FmItu. 

-- -- 

-- 
8m in the pmcedinr tabla. The d i f l m m  in p-te m I y ~  am dun to the k t  chnt tlbal strmpl~s 
dried somewhat in the rnontbn whlca tlapmd b e m n  snn!y~% and that mmmwhat dlikrent metbods 
Or-iysb wem used. ( 8 ~ e  B ~ I .  ~i. S. h i .  ~ur\.ey NO. m, I&, pp. m . 1  

A m g h  test of the coking qualities of the cod from tunnel No. 2 
on Chickdoon Creek (see p. 80) was made during the summer of 
1905 by coking a large pile of coal under a covering of stones and dirt. 
The resulting coke wae- hnrd and h n  and had a good ring and a good 
texture. The test indicated that by proper treatment a coke of 
satisfacto~ grade o m  be produced. 

No further h a t s  have been made by memberrr of the Gdogic8l 
Survey. The analyses in&cah, however, that the bigh-pds bitumS-.:-- , 
nous cod  on Chickdoon m d  Eqy rivers and on Cod Creek is proh- 
ably, at learnt in part, coking coal, and that the cad in the west end 
of the district, on Bfoow, Eska, and Young creeks, is 1ow-p.de 
bituminous and is all noncoking coal. 

-> - - . . . * 

H I m B  OONI,moNB* 

f i e  sites should be mIected only after a careful ~tudy of lmd 
conditions accompanied by drill&. The selection of n site should 
be g o ~ e m d  by the ~cessibility to the railroad md by the stmcture 
of the rocks. The latter should be determined in d e t d  for each 
property by careful d d h g  or otheswise, in order that the &no r n q  
be openad at such a point that the underground hadage of the coal 
and the disposal of the mine waters mey be 8ccompbhed at a 
minimum expenae. 

Although many of the ma1 be& outamp at' the surface, the ouhmps 
dip for the most part at steep mg1es. (See PI. m.1 Few if any 
loditim have been found st which it would be possible to open an 
extensive mine on the ouhmp of the coal bed. The mmtt of coal 
above the general draint~ge level ia not great and it wi l l  be naxmmy 
fmm the vergr beghirig of mining fo aink shdta or slopes to consider- 
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abb depth. When any large mines are opened it will probably be 
found desirable fa sink shaf ta ta ths coal beds at mmidersble distances 
from their ouhrops. - B-. 

The 1md region will furnish none of the supplies needed in cod 
minjag except timber. E~ergthing else wiU hare to be shipped from 

Y 
o~rtdde of Aid. The development of ltbis field on a large scale 
will consequently probably involve the building up of other industries, 

+ such as euhblislments for the rnmufacture of mine cars m d  other 
r n u b e r y  and mine supplies. 

In any l a p  minw which are opened in thie region it  will be neces- 
& h a s t  the beglnaing of mining to pump or hoist mine 

L.,-5 .. . - wtlter. I t i saotbel ievedthat i t~bepoas ibletoopenmylarge  
mines having naturd drainage. The amount of underground water 
which wiU be oncountered wiU probably not be great, unlcse bha 

a-' 
, minoa are opened on the outcrop. Precipitation in this region is so 

alight that large aounts  of wahr can get into tho mines only from 
the streams. If ordinary precautians cbre faken to prevent streaims 
from breahg into the mine openings the mines ought to 60 fairly dry. 

The heavy cover of gravel which exists at tho lower altitirdes 
- throughout most of the Matanuska Vdloy will cause certain dmgnera 
in mining. Udem the depth of the gravel at diffsrent points and the 

.&tmp.of.the under1ying rock floor are detomhed by dri lhg there 
.. -.- 

w i l l  be dmger of the mine working~ 'breaking through the surface of 
tho rock into the gravels, The gravels probably carry large amounta 
of water in some places and serioua accidents might thus result. 

Gas will probably be a serious problem 'in local mining from the 
very atart. The experienca of the few small tunnela which have been 
driven indi~tea that these c o d  beds will yield large amounts of dm- 
pmus gws. Some provirion ouph t to  be made in advance of mining 
for the mfomement of suitable regulations insuring the protection 

- - -'"a7lthe h e r s  a d  the mines against gas explosiom. 

Intmeive mka are hown h be premnt in abundance md in large 
mmms throughout the greater pert of the area of coal-beari~~g roch, 
except in the vallep of M o m  and Eska creeks, where they are small 
and am much legs numemua than farther wt. The amal dbtribution 
of the !aver of these intrusive masses ia indicated on the map 0'1. V, 
in pocket). Smell d i k e  and sills, not repmnted on the map, are 
a180 preaent throughout practically d the coal amaa Where the 
intrusive roch cut the coal bda the coal is mndered worthless for a 
distance of a few inch)las from the mntmt. The small dikes snd eds, .* luwount of the &oxt distanw to which their e h t  a ten&,  do 



not affect the ma1 seriously, except that the sills &ow a habit of 
coal beds for their planes of intrusion. It is dear that 3 a 

dl i s  intruded into a coal bed for a long diatan~a a large mount of 
wortbless coal dl result, but if it intruded between m k  strata, 
even if ody a few fmt away from a coal bed, or if it eutw acrom the 
coal bed in tha form of a dike, its effect on the coal will bo alight. 
The largor intrusive masses are of mwch more wrious importance 

than the small dikee and p l f i ,  fimt, Imxime t,heir  he is of itmlf sus- 
cient to reduce the ma1 awae considerably, and second, h a u s e  each 4 
of them is likely b hbave sent off many apophpe~ in the form of ~ i l  la 
in or along tho ~udaces of coal beds. The dimensions of them maws  
m, moreover, probably greater under ground than at tlla surfam. 
There may also be many intrusive masses which do not o n h p  but 
which are near enough fo the surf- to be encountered %i%rE~?$=.--~ 
In cunclusion, it must be stated that the pmenm of intrusive rocks 

in the coal field introduces factom that make an undekrminad per- 
centage of the coal a m  of very doubtful value, Tlie she and & 
tribution of these intrusive massea beneath the surfsce, as well 8s J - 

tbe surfma in the arem of ecanty outcrop, can not be dehmined 
without underground exploration. The effect of the emaUer intrusive 
masses an the coal depends on the extent to  which thma m BBM I~ave 
been intruded into or along the surfaces of coal beds. Where the 
intrusi~e mass is in contact with the coal the ma1 is worthless, but 
where it IS a few feet away the qualitgr of the cod in probbly unim- 
paired, or m y  even be impm~ed. - . .--eBw 

The ahep dip m d  mmplex ~tructure of much of the (3081 amas 
introduce serious problem in cosl mining and call for careful Invea- 
tigation of the structural conditions of each individual mt befom 
the development of mine8 ie attempted. It ia bGliBv6d tgat' &as 
will be found in wbich the difficulties of mining, due to stmcturo, 
wilI nof bo aorious. 

Both Castle Mountain and Wishbone IWl a m  of fairly gimpIe 
structure, so that ,  if the coal W s  pelsist hngath the conglamerate 
and if the coal-bearing rocks were not folded More the mnglomerate 
was laid down, mining sho~lld not be difficult, at least go far aa strut- 
tzlral mnditions are concerned. 

It may perhaps be ammed to be probable that the structures of 
the entin,  alley are of the 8-e general type as those known in a9 
aress of the conglomerate. If this i~ the case, them are probably 
large areas in which the structure will permit the minjng of the coal. 
Thia condition ia not, howaver, positively known, and the character 
oi tho structuw must be regarded as problem to be solved by under- 
p u n d  exploration befom the feasibility of mining at a profit the cod - : 

of any particular tract can be demonetrat&. 



Witbin tha area covered by the detded investigations on which 
. >7 

this report is based there are no known metalliferous depoaib. Indi- 
cations of metalliferous mineralization were seen only a t  localities 
dong the great fault which marks the contact of older rocb  with the 
Upper Cretaceotla and Tertiary sediments of the bhtttnuska basin. 
At one place a thin stain of copper carbonates waa seen on crushed 
and altered granite in the fade zone. At another pInce crushed, 
qidotimd, and quartz-veined mck carries iron p ~ t e s ,  Copper st& 
ware obsarved at the cardact of tho limegtone and the u n d e r l d  
volcanic rocks on the ridge north of Castle Mount~in. Colors of 

are reported to have been found in the graveh of Granite Creek. 
In the envimna of the region considered thme are prmpects to  the 

-- -&t on Caribou Creek and to the north on Qngs Rivor and Moose 
Creek, and there are mines and prospects to  the west in the WZaw 
Creek region. 

A Zittls placer gold h reported to have been produced on Caribou 
, Creek. No details are known. about the o c c u m c e  of the gold. . 

Claims located on copper pmapects in the baain of HEnp River 
about 12 miles above the mouth have not been visited by members 
of the Survey, and no information about them is at hand. 

- :&&-reported that sulphicle minerdizrrtion has bbeen found in the 
granite area of the uppor part of Moosa Creek. 

Willow Cheek produced some placer gold in 1898, and gold placer 
'- mines on GTubstake GuIch bogm producing in 1900. The Grubstake 

Gulch depmits are in Gh0 area of albike-chlorite schish discussed on 
p q e  15. (% alsa PI. I I L  in pock&.) These deposits ham been 
described in earlier publications of the S u r v ~ y , ~  In the Willow 
Creek region gold-quartz prospects am being developed. These me 
in quartz veim which travarao quarts diorite. Severid veins of 
promising character have been located in the divides between the 
headwaters of Willow Chek and tributariew of Little Susitns 33vera 
Fbg _have been dedbed  by Katz in a recent publication of the 
Survey. 

The crystalline rocks in which the aboveoted pmpects and 
mines occur occupy most of the mountain province north of Mats- 
nuska River and west of Clickaloon River. 

Nothing h a  h e n  Iearnsd concerning. the oopper pruspects noted 
by P*B and Bnopf a in the Knik River and Kashwitna River 
regions. 

I Fa@, Sidney, and 5 0 ~ 1 ,  Adolph, Geologm mmailrraaw in the Metanuska and Talkeetna m, 
m k a :  B ~ C L  U. 8. Geor. Burvey No. Bn, lW7, pp. W7. Kah, F. J., h Di the Wffbw Y 

C m k  gold region: Ball. U. 8. (fed. Survey No. 480,1811, yp US-1521, 
*gets, F J. op clt. 

%< 
* Wney aad Enopl. Adolph a p  ak, pp 67+. 
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