
DFPARTMENT OF THE INTERIOR 

UhTEl3 SrATES GEOLOGICAL SUlWEY 
(EEOROE OTIS BF6ITH,  dram^ 

GEOLOGY AND MINERAL RESOURCES 

ALASKA PENINSULA 

WASHINGTON 
O O V E R N H E N T  PRLNTfECt OFFIOE 

1911 





CONTENTS. 

Page. 
Refwe. by Alfred H . B m b  ............................................. 7 
Intduction ............................................................. 9 

................................. Laation and extent of area considered 9 
Revious explorations and surveys ..................................... 9 
hcknowledgmenla .................................................... 12 

Ghmter of tho country .................................................. IS 
Geapphy ........................................................... 13 

3iot11ntalns ....................................................... 15 
........................................................ Lowlands 14 

C w t #  ........................................................... 14 
Drai~~age ......................................................... 15 

Clitnnw .............................................................. 15 
Vegetation ........................................................... 17 
Settlcmant ........................................................... 18 
Commemial development ............................................. 111 
Tranaprtation ....................................................... 22 

Geology ................................................................. 23 
Cmneral featarea ...................................................... 23 

Ape and numxsmion ol the m k n  .................................. 23 
1)istrihntion of forrnationrr ......................................... 26 
Gtructum ...................................................... 27 

.................................. ... Stratigraphy ...............,. 29 
Chsrarkr and dhbibution of the rocks ................................. 30 

irgillite of unknown age .......................................... 30 
................................................... Triae~ic syetem 30 

Jnmmic~wern. .................................................. 31 
Jaww J u M c  rocks ......................................... 31 
Granites and syenika, pmhbly uf h w e r  or Middle Jurassic age . 31 
Middle Jnramic rocks ("Ennchkin formation") ................ 32 
Upper Jurmsic roeka .......................................... Xi 

........................................ Faknek formation 33 
(?retaceous aystem ................................................ 38 

h w e r  Cretaoem rocks ....................................... 38 
Bhniukovich B M ~  ....................................... 38 

.. Werendeen limestone ................................. ., 39 
Fauna ................................................... 39 
Stratigmph ia relatiom- ................................... 40 

TTpp~r Crehcwua rock ....................................... 41 e 
Chipnik formation ........................................ 41 

Tertiary nytltem .................................................. 48 
Ha~altic flows, breccies, agglomerabps, md tn f f~ of early Eocene 

age ........................................................ QB 
Fmne series ............................................... 40 

Kanai formation .......................................... 49 
Oligo~vne wries (7) ........................................... 69 
Lata Bbene or early N i m n t  andesites, tuffs, brecciaa, and glam . 5!F 



Geology-Continued 
Character and distribution of the rocks--Continued . 

Tertiary system--Continued . 
Late Eocene or later igneous rocks. ............................ 

Augite porphyry flow breccia .............................. 
.......................... ....................... Dacites - 

Diorite-porphyrite ........................................ 
Miocene aeries .............................................. 

Unga formation ............................. ' ............ 
Post-Miocene basaltic flows and tuffs .......................... 

............................................ Pliocene series (? j 
Summary of the igneous rocks ................ ? ............... 

Quakrnarysystem ............................................... 
Pleistocene deposits ............ ., ............................ 
Recent deposits .............................................. 

......................................................... Geologic history 
................................................... Early Mesozoic time 
................................................... Late Mesozoic time 

........................................................ Tertiary time 
..................................................... Quaternary time 

.......................................................... Geomorphology 
....................................... ..... Means of interpretation -1-  

Eocene sedimentation and the growth of the Aleutian Range ............ 
................................ Miocene erosion and possible planation 
............................... Deformation a t  the close of the Miocene 

...................................................... Pliocene erosion 
........................................................... Glaciation 

................................................... General effects 
........................................ Glaciation of Unga Island 
........................................ Glaciation of Popof Island 

................... Glaciation of the Balboa-Herendeen Bay district 
.............................. Glaciation of the Chignik Bay region 

................................................. Retreat of the ice 
Post-Pleietocene erosion .............................................. 
Modernshorelines ................................................... 

............................................... Recent changes in  level 
...................................... Summary of late geologic history 

Mineral resources ........................................................ 
............................... Distribution of known mineral resources 

Coal ................................................................. 
......................................... HerendeenBaycoalfield 

.................................................. Geography 
................................................. Areal extent 

..................................................... Geology 
............................................. Stratigraphy 

................................................ Structure 
The coal measures ............ , ............................... 

......................................... Character of the coal 
...................................... Physical proper tie^. 

.............................................. Combustion 
...................... Chemical and calorimetric properties 

................................. Prospective mining conditions 
.............. Position of the coal measures.. ............ , 

.................................. Dip of the coal measures 
................................ Extent of the coal measures 

Shipment .................................................... 



PLATE IU+, A, Volcanic peaks on m t  &ore of hvlof Bay, Allrak~ Peninnula; 
B, athedral Peak, one of the hi~her summite in the Alcutinn 
Range near Ral boa Bay.. . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . 

TV. A, Monntaine and glaciem w& of Cape h ~ g l s s ;  B, 9,- of ofp 
Douglm from the weat.. . . . . . . . . . . . . . . . . -- . .. . .,... . . .... .... 

V. A, Tuliumit Point, locally known M Cngtle Cape, at mnth en- 
trance to Chignik B y ;  R, Fmt mast of Unga Island north of 
TJ11ga Harbor . . . . .. . ... . . . . . . . .. . . .. . . . . .. . . ... . .... .. . ...,. 

TI. Geolqic reoonnknm msp of the Almka Peninaals.. . . . . . In p~ 
VXX. Reconnsissanoe geologic and topopl'aphic map of the Chignik Bay 

repion of Alaska . . . . . . . . . . . . . . . . . . . - - * - - - . - - *. . . . - - - - +. - - - - - 
VIIT. Reconnaimnoe gcolo~ic map of the Balboa-Rerendeen Bay and 

Unga laland region of hlmke ...... . . .. . . .. ... . . . . . . . . . .. .... 
IX. A, Yymnhitl Mountain, ncaraxia of Aleotian Range nortbwmt from 

Elallma Bay; H, Sbom line atack or piIlar on eaRt ~hore of U n p  
Idand.. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . 

X. A, Hevated wa t e m e  at northwt end of Unga Island; B, Datsiled 
view of coam volc~nic tnE of pmLMiocene age, aa expod on 
shorn of Ralboa Rap .....,.........,------.--*.---------,-- 

XI. A ,  Unga Harbor from tba w e  B, Anchorage Ray from the ~ ~ ~ n t h -  
west .* ........*.*.... * ............................. - ....... 

XII. A, Sea cases, and m m h  m k  along emt coast of Unga bland; 
H, Shorn Iha pilEar of conglurnerate ........ ................., 

XITT. A, Hook Fay, near north entrance to Chignik Ray; ll, Expowre in 
the upper mP Aeam in Thornpeon Valley. - -  .-. . . . .... ... . . . . . 

XEV. A, Entrance to Chignik River d mine; I?, Tunnel openinp. in 
W b a l m  con] mm.. . . . -. . . . , . . . - -, - - - - - - - -. - - * - . , - . 

R Q ~  1. 8tructum &ion acmee the Alaska Peainwb along the line A-B, 
Plate VI ........*.-.-.. * ..*,.*...- -..,. ..-,.-..,- .-,--,,... 

2. Structure ~ection a c m  the Alaska W b I a  along the h GD, 
Plate 1.1 ... .* .,* . ...,. .- ..* .-,..-. . . . .,. ,. ..,,,,,..,,,,,,.,. 

8, Diagrammatic cma eec+on of Pinnacle 3iontain. ..., ,- . ,,, ,,, . 
4. Geologic sketch map of Cape I)ongha and vicinity .,,,,,..,.. ,,.. 
5. Stnicture ~cction ~rross the Alaska Peninanla near Balboa Bay 

along the line GI), Plate VIIJ ....,,..,,.... ...,...,,...,,.,,. 
6. Disgraminrrtic &ion of Pyramid M m t a i n  . ... ...,,,.. ,..,,.,, 
7. Diakmmmatic &ion of mnth face of Chichagof Peak., ,, . . . . . . . 
9. Stnicture ~ection at the north end of Unga laland along the l i  

E-F, Plate 1'111. .....,.,.,,,.. ... .:. . -.... .. ., . . . . . -. ...,., 
9. BtrucEure d o n  along the northeant coast of U q s  Llaad + . . . . . . . 

10. hagmrnrn~tic mction along e& shore of E n p  bland south of 
Ramlof or Sqnaw Harbor .................................... 

11. Bketeh map nf ~hore  featurea nerrr mth entrance to Barald 5 
bar, Unga Island .....--..,.. ................................ 

12. Bketch map of &ore features new north e n h c e  to -of Ear- 
bor, U n p  Island.. . . . . ,- -. . . . -. - - - -,-. - - - - - - -. - - - - - - -. - - - - -. 

13. Btructum mztion a c m  Herendeen Ray 4 Beld along the line 
A-B, Plate YIII . . . . . . . . . . . . . ,, . ., . - - -. - - -. . . . -. -. . . . - -. . - 

14. Columnar Mion  of the coal meamree at Herendem Bay and Cod 
Hnrhr  ..,. . . . . . . .. . . . --- .. . . . . . . . . . . , . . . - . . . . . . . . . . . . . . . . . . 

15. 8mtiona of coal m m e  in the Cbignik Bay and Herendean Bay 
fielde and at Coal Harlmr ... . .. . . .-. . . . ... . .. . . . . . .. . . . .. .,. . 

18. Sketch map of the~hom f e a m  near the head of Balboa Bay ... 
17. Vertical wction at Coal Harbor mine, Unga Island.. . ... ... . . . .. 
18. Sketch map of a prtion of Prcepect Bay . .. .., . ..... ... .. . .... . 



M i n e d  mn-ntinned . 
C d - C o n t i a n d  . 

Chignik Hay d fEeld ............................................ 
Geography ................................................... 
Arenl extent ................................................. 
Gealoay ..................................................... 

Stratigraphy ............................................. 
Rtructum ................................................ 

............................................ The coal maasurn 
Charactor sf the coal ......................................... 

Phydcal prop.rtiee ....................................... 
Cam buntion .............................................. 

...................... Chernimi and calorimetric properties 
Prospective m i n i n ~  condition8 ................................. 

Position of tho -I me- .............................. 
Dip end extent of the coal ................................. 
Shipment ................................................ 

&Id S r b o r  d field ............................................ 
Geography ...................*.............................. 

........................................... Development work 
................................................. Areal extent 

Geology ..................................................... 
......................................... Character of the coal 

................................. Prospective mining conditions 
Petroleum ........................................................... 

................................................. Cold Bay oil fiela 
Gmpphy ...............*.................................. 
G e o l o ~ g  ..................................................... 

Stretigmphy ............................................. 
Stn1ctnm *............................................... 

Indieations of petroleum ...................................... 
Seep* ................................................. 
Uevelopments- ........................................... 
Character of the oil ....................................... 

Other pmible petroleum fielda... ................................. 
Gold ................................................................ 

Popf Is l~nd ..................................................... 
Unpa Ialand ..................................................... 

.................................................. UnaPaaka JaIand 
Gold p-ta on the peninsula ................................... 

Cupper .............................................................. 
Pmepeet Bny ..................................................... 
Balboa Bay ...................................................... 

............................................ S w t i o n a  to prospectom 
Bibliogrzphg ............................................................ 
Index ................................................................... 

PLATE I . Ontline map of swthweetern Alaska, ahowing area d e r  consfdera- .... tion and mmller a m  included in certain maps in thia report 
31  . T o m p h i c  map 01 the Balkma-IImndeen Bay and Unga Xaland 



PREFACE. 

During the Russian occupation of Alaska many facts concerning 
the geology of Alaska Peninsula were collected, but gall and Becker's 
study of the coal and gold deposits of Unga Island and of some of 
the coal beds of the mainland in 1895 reprment9 the h t  attempt at 
syshmatic-investigation of the mineral resources. Martin, in 1903 
and 1904, made the h t  examination of the petroleum seepages. 
Meanwhile other investigatam had contributed to the knowledge of 
the gen-1 geolog, the most notable work being Martin ~ n d  Stan- 
ton's summary of the Maozoic stratigraphy. 

The pursuance of the general plan of invmtigating the coal re- 
sources of Alaska led to the surveya here reported. Mr. Atwood's 
chief purpose was to  survey the three most important local cod fields!, 
the Chi@, Herendeen Bay, and Unga, but incidentdy he collected 
considerable information in regard to the general geology and mineral 
resources of the entire peninsula. The data thus gathered, together 
with the rasulb of previous invastigations, have been embodied in 
thk report. 

Mapping was done in some detd  in the surveyed coal fields and 
the results are set forth with considerable confidence as to their 
accuracy. Far less dehite information was obtainad as to the areal 
and stratigraphic. geology and mineral depositst of the rest  of-the 
peninsula. Therefore the sections devoted t o  these subjects must be 
regarded aimply as a summary of the bwt information available. It 
is believed, however, that this report will serve as a useful, reference 
book both to those who alts developing the mined resources of the 
peninsula and to thme who are interested in the more purely scien- 
tific problems. If funds are available, more detailad investigations 
of the geology and mineral deposits will be undertaken when the 
mining advancement seems to demand them. 

The discovery of gold in California and the consequent increase in 
the population of that State led to a demand for fuel along the 
Pacific aeabod ,  and this demand provided the h t  incentive to the 
search for coal in Alaska. As early as 1854 attempts were made to 
mine c o d  on Cook Inlet. Coal claims were staked on Unga Island 

7 



in the early seventies and 10 years later soma syetematic mining st 
thh and other IocaIitim in southwmtern Alaska was begun. The 
rapid development of the more accessible coal fields of Califomis, 
Wmhhgton, and Vancouver Island, which bagan about 1870, s u p  
plied the west coast market, and from that time until very recbntly 
little sttention hm been given to Alaska coal. Minitag to supply local 
demand has, however, continued in the peninsula to the prment day. 
The coal .of Alaska Peninsula is not of as high grade aa that of the 

Bering River and Matanuska fields, but the fields are more ac~asible, 
me fields here described are all near good harbors, a location that 
will give them an advantqe over the higher-grade coals of other 
Alaska fields. Moreover, their cloaa pmximity to the great-circle 
route from l'uget Sound t o  Yokohama will c e r t d y  eventually 
accrue to their benefit, though it must be mnf-ed that their imme 
&ate use for trans-Pacific shipment dom not seem practicable. On 
the other hand, unlws petroleum is found, they furnish the only 
local sourca of fuel for Alsska Peniasda, which is without timber. 

Some driIIing for oil haa been done on the peninsula, but it has 
not shown either the prwnce or the absence of a commercially 
valutable pool; It appeam, however, that the geologic data at hand 
warrant the continuation of the search. 

So far as known geologic conditions l i e  those on Unga Island, 
where succassful gold mining ha4 been carried on for many years, 
may be found In other partg of the Province, so that thero seemrr to 
be a field here that warrants the attention of the lode pmgpmtor. 

Except for the absence of timber, the conditions in Alaska Penin- 
sula are more favorable for mining than in many other parts of the 
Territory. The open season is longer and the winter is less severe 
than in the interior or in Seward Peninsula. Numerous good harbore 
are open to  navigation throughout the rear. The luxuriant growth 
of grw in the peninsulrt, except in tha high nraunt~s, favors the 
use of horsm, and the many streams and Ink- render much of the 
region readily accwible to small bosh. 



GEOLOGY Am MINERAL RESOURCES OF PARTS OF THE 
ALASKA PENINSULA, 

LWATIOI EXTEXT OF AREA CONBIDERED. 

The regions undm consideration in this report are included within 
that portion of Alaska thst extcnds soutbwestwsrd from Cook Idet  
to Unimsk P w .  This land area is a relatively n r a m  peninsula, 
tapering from a width of about 100 miles at the northeast end to 
about 20 miles rt the southweat end. (See PI. I.) 

A lina drawn from Cape Douglas to  the hmd of Brishl Bay may 
be taken as the northenst limit of the peninsula. The wmtern limit, 
strictly d e h d ,  is at the margin of the land just east of Unimak 
Islancl. The water mute between Unimak Island and the true end 
of the peninsule. is, however, narrow m d  very rihallow, being unnavi- 
gablo except by small boats, and since the physiographic break is so 
dight the peninsula has been hem defined, for convenience, in descrip- 
tion, as extending to the wmtern m@ of 'Cminsk Island or to 
Unimak Pms. This land is included &ween 54" and 59' north lati- 
tude and 153" snd 165" wmt longitude. The linear extent of the 
ponineulrr from northeast to southwest i4 rtpgroximately 5,W miles; 
the areal extent is fully 30,000 squm rnilm. Kurnemus islands, 
some of which dl be refemd to in this report, am associated with 
the peninsula. The total land area of tlaso islands, not, including the 
Kodiak p u p ,  is 'pmbsbly about 4,000 square mites. 

Furry ~ ~ . - P m v i o u s  to 1741 southwmtcrn &asks had 
not been visited by white people. In that year Vitus Bering, a Dane 
cornmimioned in the Ruasian Kaqy, left the coast of Kamchatka in 
command of an expedition fo s o a h  for s continent to the east. 
The expdit.ion aailed in two vassels, one commanded by Bering him- 
self and the other by his lieutenant, Chirikof . Tho vossels soon became 
sepsrated, and Bering, after following a very irrcguIsr course, reached 
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the American coast near Mount St. Elk .  On his return journey 
westward hs disco~ered the Shmagin group of islands, among which 
ho remained several days, and passed along the msst to the wostwald 
within sight of several of the Aleutian Islands. Chirikof sailed east 
and sighted the Americsn mmt, probably near Gm Sound. Ile, 
like Bering, sighted some of the Aleutian Islands an his return jour- 
ney. During the following hdf century hardy Siberian fur hunters, 
called pmmyshleniki, ventured into t h m  unknown sew in aearch of 
valuabIe furs, the existence of which had been reportad by the mem- 
bem of Borings crew. These daring men pushed their way eastward 
along the A h t i a n  chain of islands to  the mainlsind of Alaska, and 
their ultimate mmtery of the hgion led to  Itussia's becoming tb North 
Arnsricm power. 

About 1767 Capt. b i t z i n ,  of the Russian Navg, wae sent out to 
explore the American coast. Re determined astronomically a few 
positions in the eastern part of the Aleutian chain of islands and along 
the southern coast of the Alaska Paninaula. 

The fmt importmt systematic survey of any part of what is now 
hown as Alaska waa made by Capt, Cook, the great Englishnavipb~. 
He made a landing in May, 1778, near Mount Edgecumbe, in south- 
eastern Alaska, after which he sailed westward, exploring Prince 
William Sound and Cook Inlet, ancl thence southwestward dong the 
southern shore of the Alaska Peninsula rn far as UndasIttb Island. 
Cook next entered Bering Sea and wntinued exploration along the 
coast toward the north, through Bristol Bay, Norton Sound, and 
Bering Strait, until ha wrns checked by an Arctic ice pack. 
In 1789 Joseph Biiings left Kamcbtka in command of a Russian 

expedition, with orders to explore and map the comt visited by the 
hs hunters. He stopped at Unalslaska and Kodiak on his way east- 
ward to Prince WilIiam Sound, but contributed very little informa- 
tion regarding the geography of southwestern Almka. 

A more valuable series of coastal exp2or&tions was undertaken in 
1826, and in the next few years a csreful survey of the northern coast 
of the Alaska Peninsula wm m d e  by Capt. Lfitke. The southern 
comt of the Alaska Peninsula was r n ~ p p d  about this t h o  by V d i e f .  
These expeditions were under the auspices of the Ruwian Govern- 
ment, and their work was the last 8qloratar-y work of importance 
in gouthwestern Alaska previous to the transfer of that lsnd t4 the 
United States. 
In 1848 Grewingkl wmpild an dmhb1e summargr of dl previous 

work of rt geographic or geologic nature and assembled the faeta con- 
-- 

1 Qrewlngk, C., Beltrllge am Kermtnissder rnrrgrspMw mid gmpmtlsehan nemhaffmbl t der Nmd- 
west KUeR Amerl!aa, mlt den anilegenden Ilureh, St Pewburg, Cwtsina gwlogic and o t k  

mpa. 
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12 GEOLOGY OF PARTS OF ALASKA PENIWSUIA. 

deposits of Unga m d  Popof Islands.' A. J. Collier a in 1904 ex- 
amined &he gold-bearing quartz veins on Unalask% Idand. In the 
same year Sidney Pajge visited the Rerendeen Bay coal field and 
prepared s report, which appeared in 1906. 

The present report is based cbi0fl y upon work during the masbn of 
1908 by the writer, assisted by EX. M. Eakin. The studies which had 

. preceded our work aided ua in locating points of special interest and 
in anticipating the general geologic conditions to be dealt with. The 
rmulta of these earlier expeditions have been freely used in describing 
the general geologic conditionx on the peninsulra. Duiing the season 
Mr. Eakin completed a reconnak~nce topographic map of a por- 
tion of the penizsula in the vicinity of & l h a  and Hesendeen bays, 
including the island of Unga (PI. 11), and later prepared a similar 
map for the region ad joining Chiignik Bay (PI. VII, p. 40). During the 
aame pariod the writer prepared a geologic map of each region that 
was surveyed topgraphictelly, and the field work placed on sketch 
mapa has bmn transferred to  the topographic maps with w much 
awuraey aa powible (Pls. VI€ and WII, pp. 40 snd 42). In addition 
to the-districts in which detailed work was done during the season, 
a few other points of especial interest were visited, and mention of 
these points will appear in the Gourde of the report. 

The writer wishes to acknowledge his indebtedness to M e ~ r s .  
Stanton, Knowlton, and Ddl, of the Geological Survey, for their 
prompt reports on the paleontological material which was brought 
in from this region and for the cordial conferences through which 
they have assisted in completing these studies. The writer is aha 
indebted to Adolph Rnopf for a petrographic study of ~er ta in  rock 
specimens obtained in thii field. Mr. Eagin was a most efficient and 
loyal a ~ i s t a n t  throughout the seaaon. 

'Life in this part of Alaska was made especially pleasant at times 
by the cordial hospitality of Mr. C. A. Fletcher, superintendent of 
&ha Apollo mine at Unga, and by the respect accorded our party at 
the Herendeen Bay c o d  camp, at Coal Harbor, and at other settle- 
ments in that region. In the Chignik Bay field we were moat cor- 
dially and helpfully assisted by Mr. G .  M. Lmdabrg, superintendent 
at one of the salmon cmneriea. Through his kind offices we were 
enabled to visit many points that we could not otlrerwise have; reached 
and t o  prosecute our work with greater ease and safety than we 
could have provided. The officers of the steamship Dom accommo- 
dahd our party as well a~ conld be expected, and facilitated our 

1 Madla, 0. C., Gold d@ts 01 the Sh-n XshW BulL U. 8. &oL Burvsg No. EN, 1905, 
pp. lWlD1. 

Collier, A. I., Anrllemus quartz v e h  on Unahka Islsnd: Bull. U. S. Geol. Survey No. W8,19a5. 
* Pa@, Sidney, The Herendean Bny cod Beld: Bull. U. B. GmL Burvey No. S4, lm, pp. 101-1C& , 



venientEy in a single volume. Some noteworthy contributions to the 
pdeanhlogy of the peninsula were made by European scientists on. 
the basis of spechem coUected by Russians. 

For some years after the purchase of AIaska by the Unitcd Statas, 
in 1867, Little exploration work was done, though the Coast Survey 
began to chart the mest line. In the course of this work, Dall made 
~aluable geoIogic observations. The first systematic geologic work . 
in the Alaska Peninsula was undertaken in 1895 by Dall' and Becker.' 
Dall was authorized by the United Stat= Geological Survey to  investi- 
gate and report on the coal and lignite deposits of Alaska, and these 
studies took him to southwastern Alaska. He visit4 the island of 
Unga, the coal fields near Herendeen and trhipik bays, and several 
other points, collecting in addition ta an available data on the cod 
deposits much valuable idomt ion  on the general geology of bhe 
penimulct. Bscker at the same time visited southwestern Alaska 
and reportad on the gold minea then in opmrrtion on Unge Island. 

Late in the season of 1898, Spurr and Post: under the auspicea of 
the United Strstes Geological Survey, crossed the penbuds from 
Nahek to Katmai. Spun hter prepared a reconnaissance geologic 
map of that portion of the peninsula based upon that work 

Ememon rind Prtl ache,' who were members of the H m b  Alaska 
expedition of 1899, landed at several pointe on the Alaska Peninsula 
and neighboring islands, and made imporhut contributions to the 
knowledgo of the general geology of this district. Palache's studies 
on the slmm of Stepovak Bay have been especidy valuable to the 
writer in connection with recent work in that region. 
In 1903 Martin examined oil fields near Cold Bay, and- in ihis 

report refers to the general geology of that portion of the p e d a .  
T. W. Shahtan, G. C. Martin, and R. W. Stone, m members of a 
United Statea Geological Survey party, spent the season of 1904 
dong the shores of the dash Peninsula between Cook met and 
Ungrr. Their studim were devoted largely to  the Mesowic section 
and the c o ~ 1  dopmits of the peninsul. Unpublished notes and 
mapa by Stone on the Capo Douglas region bsve been used in the 
preparation of tlia report. During the couae of the same work 
Martin ki ted the Shumagn Islands, and reported upon the gold 

mtt, W. a,, zlepatm a ma I1rmrt.e d a m :  ~ t ~ a m t h  m. R W ~ .  U. 9. owl. aump,pt. 1, 
m, p. m7. 

3 Rwker, Q. F,, Reowm- d t h e  @Id fields sfmuthem Alas- Eiflteenth l n n .  Rept. U. B. Gaol. 
B ~ F P J ~ ,  PL a, ~ m ,  PP. - 

*Bpw,  J. E., A h . n m k m W e l n m t h ~  bhkaln ilOBS: Tventteth Ann. Fkpt. U. 8. Qeol. Survey, 
pt. 7,1900,pp. U-m. 
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movements whenever it was possible. Since leaving the field the 
writer has become indebted to Meam. F. R. Philbrick and R. A. 
Foster, engineers at t he  Eerendeen Bay mines, for maps, charts, 
drill records, m d  numerous photographs, all pertaining to the Heren- 
d e n  Bay coal field. 

M O U N T A N B .  

A chain of mountains known as the Aleutian Range runs through 
the central portion of the Alaska Peninsula. To the northertst these 
mountains reach elevations of approximately 5,000 feet above sea 
level; to the southwat they decline gradually to between 2,000 feet 
and 3,000 feet in the neighborhood of C w i k  and Herenhen Bays. 
Still farther west the general crest line of the range declinm, but there 
are isolated volcanic peaks of conspicuous elevation (PI, 111, A). 
The Aleutian Range has the rugged features cbaracterhtic of most 
young mountains, a condition which, fogether with the perennial 
snow fields on the upper slopes, makes the range one of atriking s~enic  
beauty (PI. la, B).  The peaks am sharply dehed, the  alleys 
broad, open, and U-shaped, and the intervalley ridgm in most places 
nsrmw. Along the summits in the northern portion of the peninsuIa 
are several large alpine glsciem. Wss t of Cape Dough a few glaciers 
reach nearly to sea level (PI. IV, A), and one glacier on the west 
slope. of Pavlof Mountain is fully 10 miles long. To the southwest, 
in and near the crest line of the range, large, open, ampbitheetral 
b a s k  haw bean excavated by the glmiiem that formerly &ted 
there. These b a s k  have the characterbtic cirquelike form, with 
rather even floors bounded by precipitous w&. 

The lower 300 or 400 feet of the mountain slopes are clothed with 
grasses, momes, and irregularly scattered buncl~ea of alder buaha. 
Above, th i s  mne, where the mountain slopea are not too steep for 
veget~tion, they are imperfectly covered by mosws and dart grass. 
'In this latter mne, and extenKng even higher, them is commonly 
an abundance of dwarfed flowering phnb. StiU hgher, there 
ig a marked m a 1  increase in bare rock surfaces. 
On the west shore of Pavlof Ray there are two c o ~ ~ c u o u s  cones 

(Fl. III, A), t l ~ e  larger of which h appropriately h o r n  in that vicinity 
as Smoking Mountain. This peak rises to an elevation of 8,900 
feet. On Unimak Ishnd, Shishaldin, Pogrommi (6,500 feet), and 
Isanotski peaks (8,032 and 8,088 feet) are compkuous volcmic 
mountains. The mountains of the idands sonhh of the Alaska 
Peninsula are rugged and reach in some places ele~ations of about 
2,500 feet. 



A lowland of varying width extends northwest from tbs Aleutian 
Ran@ t o  tho s h o w  of Briatol .Ray. Ih greatest width ii~ about 
20 &lea. This lowland belt is continuous from the northeast ter- 
minus of the penia.iula to  s point not far west of Pavlof Bay, or 
within about 50 miles of the emtern end of Umimtrk bland. Tho 
topography of this lowland belt is that of a plain varied by low 
morainic hilh and narrow valleys. It h a tundralike country, 
covered wit,h a luxuriant growth of grwea and mosses, Among 
the rnoreinic hills are shallow depresions containing lakes or marshes. 

Most of the larger valleys in the peninsuIa have bottom lands, 
nearly at sea level. At the heads of a11 the larger bays where detailed 
mapping Ims been done are extensiva meadowlands. These lon-land 
areas, whether in the larger valleys or at the lleada of baya, support 
a growth of @ass which in places reaches a height of 5 feet. On the 
isIaeds where detailed work has been done there aro also small low- 
land arem associated with the larg.er valleys or marginal portions 
of the lands. The northwest portion of Unga Island has a gently 
d i n g  topography, the lughest point being not more than 600 feet 
above the sea. 

WX8TS. 

The Pacific Ocean side of the Alaska Peninsula presents a bold, 
rugged shore line, bordered at many points by steep clXs (PI .  V). 
It is indented by fiordliko inlets, separated from each other by rocky 
headlands. The islands bordering the coast appear, in places, to be 
seaward continuations of the headhnda. Along this mast m d  asso- 
ciated with tho steep cliffs are overhanging ledges, arched rocks, sea 
eaves, rock pillars, and balanced rocks-features such as are developed 
on rock-bound coats  cxpos~d to  the vigorous action of ocean waves 
(Pls. IX, B, p. 62, and XII, A, p. 02). At several places along this 
southeast coast of tho pcnimuh are sea t e m e s ,  in part cut in solid 
rock and in part composed of loose matari~l that has been hasdld 
by the waves and the undertow. These sea terr- indicate that 
the ,w once stood at a higher Ievel relative to  the land, 

Tim northwest c o d ,  bordering Bristol Bay, is in striking cont,rast 
to that bortlering the Pacific Ocm.  From a point near the head of 
Bristol Ray southwest to within a few miles of the western terminus 
of the peninsula the coast linekia low. It ia the margin of the north- 
weat comtnl pIain of the peninsula and marh the line to which the 
w a t m  reach, aa they lap upon a plain which extends from tha bnse 
of the mountains seaward and somewhat beyond the present shoro 
tine. Low sand bar; and islands border the coast on t h i ~  side of the 
pen.ula,  shutting in shallow lakes and lagoons. Sand dunes, some . 
of which are 50 feet in height, am found on the islands and at p b s  



on the inaidand. Near the head of Bristol b y  the northwest mar- 
gin of the peninsula is marked by a low ma cliff, developed by the 
work of the waves as they have encroached upon the lowlancl belt. 

As the peninsuls is namw, dl the stdreams arc short. The main 
divide is near the crest line of the Aleutian Rango and part of tho 
drainage gom to  the Pacific Ocean and part to BTistol Bny. The 
streams emptying into the Pacific Ocean flow through canyonlike 
valleys until they reach the mcdowlands at the heads of hays or 
fiords. On the northwest or BristoI Xjny side, the drainago is tlelayed 
in many places in small lakes or ponds. Near tho northetfst end of 
the peninsula, among tlrr! mountaim, are four largo lakes-Kukrcklek, 
Naknek, Becharof, and Ugashik-a11 of which receive their waters 
from the surrounding mountains ant1 drain westward into Bristol 
Bay. A chain of lakes extends well into the  mountains from the head 
of Chignik Bay, and from the northern cnd of this drainage area i t  is 
but a short portage over a lowland arm t o  the drainwe which flows 
into Bristol Bay. The route is commonly followed by natives with 
small boats. 

OIJMArn. 

The Alaska Peninsula ia in about the same latitude as the British 
Isles, and except in the northern part does not suffer from severe 
climatic conditions. Tho rainfall variea from about 100 inches 
annually in the weshrn portion of the peninsula to probably about 
20 inches an the shores of Shelikof Strait. At Coal Harbor (Unga 
Island) tha average annual rainfall is 49 inches. Snow ,covers the 
entire are& during the wintor months, even to sea level, and remains 
untiI late in March. By the latter part of May the snows have com- 
monly left the lowlarids and the lower portions of the mountain slopes. 
During tho summer months, from June to September, inclusive, much 
of the weather is delightful. Though rains may be frequent, they 
are usually oat so heavy as to interfere-with out-of-door work. The 
mean temperature fmm May to  October varies from 49.1 at Kodiak, 
to 45.5" at points farther west. 
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plant life am alder bushes. These bwhw, in places, reach a height of 
15feet,butarsmom#mmo~onl?.6orBfeetl~h. Southwestfrom 
h'aknek Lake to the end of the peninsula and ta the most westerly 
of the Aleutian Islmds there are no trees. The alder bushes are ns 
s rule confined tn t,he lower 500 feat of the mountain slopes and are 
unevenly diist~buted. SmaU willow bushes border some of .tlm streams 
and grow in the lowland areas. The dominant and conspic~laus 
form of vegetation in this region is gmss, which gronrg luxuriantly in 
the lowland areas and clothea the mountain slop-, where the sur- 
faces are not too steep or h a  rugged to permit vegetation to get a 
footing, to an elevation of about 1,000 feet above sea level. Above 
the gras4co~ered are-, even to  the tops of the mountains, am 
occasional small bunches of flowering plants, some patchea of short 
grass, and gome moss. The comtd plaitin on the 'northwest side of 
the peninsula is a tundra covered with moss and grass, and mosses 
m d  grasses grow luxuriantly over all but the more rugged portions 
of the islands aouth of the peninsula. Small areas of land have been 
culti~atsd for vegetable gardons at ~arious plams in this portion of 
Alaska, but no more oxtenaive apicultufe has as yet been under- 
taken. The luxuriant growth of grasses jn the broad vdey bottom 
suggesb the powibility of raking sufficient winter fodder for cattle, 
and the grass-covered hillsidas woulrl serve as summer ranpa. 

Beginning on the northeaat tho ports at which the United S t a h  
mail steamer us~lally calls are Cold Bay, Chignik Bay, Unga (on Unga 
Island), Sand Point (on Popof bland), Coal Harbor (on Unga Idand), 
Belkofski, Unalaska, and Kushagak (See PI. VI, in pocket.) This 
I ts t  port is at the head of Brisk11 Bay, a little northwwt of the pgnin- 
saIa proper, and the mail steamer calls there during the summer 
months only. At Cold Bay there has been only one white settler 
during the last few yew. At Chignik Bay there are two salmon 
canneries, a post ofice, and st native d a g e .  During the summar 
mason between 4OQ and 500 men are employed in the canneriaa, and 
a few prospectom are alsa rat work in this region. At Unga there are 
a post ofice and B small natim village. Some cod &hing is carried 
on from Unga and at Bardof Harbor, a few miles north of the, vil- 
I q . 8  of Unga. Smd Point, a t  the northwest end of Popof Island, is 
a local trading center and a post office, while Pirate Cove, on the 

- nortll &ore of %pof Island, is a &hing stat.ion. At Coal Harbor, 
on the north end of Unga Island, there is a small settlement of white 
people. Undaaka is a local trading center and dm a coaling station 
for United S t a h  revenue cut- and for steamem engyd in B e h g  
Saa hheriea or t d e ,  Nwhsgmrk is an important fishing ststion, md 
hundreds of men are engaged during the summer jn catching salmon 
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and in operating the canneries at this port. The winter population, 
however, consists of srarccly more than a do7~n white people m d  a 
small number of natives. 

A few white people live at a distance from the eet,tlements. At 
Herendeen Bsy, on the north side of the peninsula in abotlt the 
same longitude- as Unga, there is s coal-mining camp, a t  which there 
is usually at least one white man. There are white people on the 
shores of Pavlof Bay, on certain d the islands south of that bay, on 
some of the Shumggin Islands southemt from Unga, nnd on Mitre 
fanis Island. In addition to  tho native villqges already mentinnod, 
a few natives live on Bear River, a short distance east of Port Afollcr, 
at Fort I Ieiden, bTgashik, Ugaguk, Kaknek, and ~t several other points 
dong the north side of the peninsula. There a m  s m d  native settle- 
menta at the head of Naknek Lake and a t  Krrtmai, on the Pwific 
Ocean aide. The entire resitlent population probably includes not 
more than 50 whites and 1,000 natives. 

The h o r n  mineral resource of the Illeske, Peninsula include cad, 
gold, and mppsr. Their distribution is ahown on Plate 

VI (in pocket). Of tho coal fields, onIy tkreo are known to be of 
commercial importance-the Unga IsIand field, the Rmendeen Bay { 
field, and t.he Chgmk Bay field. 

C q a  Island coal Jiald.-Pre~ous to 1882 there was no mining in 
this field except by Russians, who are reported td have taken some 
coal'from outcrops near tho beach. Between 1882 md 1884 5 aom- 
pany was engaged in mining at this locality ancE is said to  havo kopt 
20 men art work througl~out tlmt period and to h a ~ e  supplied with 
fuel small steamera engaged in seal hunting. Some of the coal was 
used for domestic purposes, and two cargom, amounting to  about 
700 tons, are reported to have hen sent to San Francisco in 1883. 
The property is now under the control of tha Tide Water Consolidated 
CQ. Several drifts have been opened and one mine put into oper- 
ation on a shipping basis. Bunkers have been built about 100 feet 
from the shore, and a steel conveyor connocts them with t . h ~  mine. 
The devdoperl coal bod outcr~ps about 200 feet above tidewatm. 

Hmendem Bay coal $eU.-Tl~e presence of coal in the Herendeen 
Bay region haa been known for a number of Fears. Several attempts 
haw been mads toward its development, but 1lt.th con1 has yet been 
mined. The h t  mploitation of the field was undertaken in 1880 by a 
corporation known ns tho Alaska Mining and Development Co. Two 
drifts were run, one about 200 feet, the other about 300 f eot in length, 
on a coal bed of 4 feet average thicknms. The coal wss brought to 
the water front by a steam motor on a small tramway, and severaJ 
hundred tons were taken out in 3890, of which amount the U. S. S. 
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AhEro8~ used between 200 and 300 tons,' At that time there was 
no immediate market for the uod, as the Western SGatw and Terri- 
tories were fully supplied from the Waah'ington and Vancouver mines. 
The field was therefore abandoned and no further work was done 
until 1898, when C. A. Johnson relocated the coal land and started 
what is known m the Johnson tunnel. The property passed, in 1902, 
into the hands of a company, which, however, did very little work, 
and forfeited all ib  rights in 1904. The present claimants have made 
surveys of the field and have done some careful prospecting, includmg 
a small amount of core-drill work. They have also aurveyed a rail- 
way routs from Rersndeen Bay ta Balboa Bay and completed a 
chart of the Balboa Bay 14arbor. 

Ohignik Bay cd$eM,-Coal was Xiwovered in the bluff of Chignik 
River in 1885; but active mining was not undertaken until 1893, 
Since that time the Alaska Packed Association has operated its 
mines to procure fueI for the cannery on Chignik l w o n  and for the 
steamers engaged in the fisheries. Short prospecting tunnels have 
been driven on the coal seams on Whaler's Greek, in Thompson Val- 
ley, and a few miles inland from the head of Hook Bay. 

Coal developments at other points on the peninsula have been 
relatively imagdcmt. On the south aide of the peninsula, juat east 
of Pavlof Bay, a little mining of lignite waa carried on during the 
season of 19013 for l ocd  consumption. At the other localities. where 
coal is known t o  exist little more than preliminary prospecting has 
been done. 

P e t ~ o k m  deerebpmmts.-Sume dr- has been done in the vicinity 
of Cold and Dry bays, where oil seepages were dimovered. In 1902 
and 1903 work w&s carried on at Dry Bay, but the field was aftwwards 
abandoned. In 1903 md 1904 several wells were drilled st Cold ~ a i ,  
but as they yielded no flow of oil, drilling was discontinued. 

B~d.~--Flacsr gold was discovered on Popof Island in tho summer 
of 1904, and it is reported that gold amounting in value to about 
$1 2,000 was taken from t h e  beach placers in 1904 and -1 905. Little 
work has been done on this beach since 1905. Four lode clsjms were 
srhked,on the hills immediately adjoining the beach plaeers in 1908, 
and on these claima short prospecting tunnels, mb few ahdlow shafh, 
and one surface crosscut were opened. 

Gold-bearing quartz ledges have been found at a number of places 
on Unga Island. In the sou theastern part of the island, about 1 
mile from the head of Delttrof Harbor m d  4 miles from the town of 

1 Dall, W. H., Coal md lipnlte of Alasb B e v e n h t h  Ann. Rept. U. 8, Qml. Survey, pt. 1,15%, p. @M. 
3 Idem. p. m. 
r More detailed lriihmatlon r-ng gold p r q w t s  on Powi Wmd IS ghen on pa$es 125 and 181 01 

this report. 
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Unga, are located the ApoUn ant1 Sitka mines. A third mine has 
been opened on the Shum~gin group of claims near the head of 
Bardof or Squaw Harbor. Several Iocatinns for gold lodes have 
been mado on the ridge south of the ApoUo mine, in the vdey  wmt 
of the Sllumagin mine, and at p i n t s  a b u t  2 mil= south of Coal 
IT~rbor. 

The Apollo Consolidated mine of Unga Island was on a productive 
basis from 1891 to 1904, and was reopenet1 during the summer of 
1908, when 40 of the 60 stamps in the mill wcro put into operation 
and ore that had already been mined was run through the mill. The 
occurrence of gold at this locality was describer1 by necker in 1895 
and Inter by Martin,a who visited the Apollo mine  in 1904 and 
gathered aome additional data. 

me Sitka and Shumsgin mines have not become productive, and 
during the season of 1908 no work was done in the Shnrnagin mine 
and but little in tho Sitka mine. Several gold prmpccts h w e  been 
Iocated in the vicinity of CILinpik Bay and others near the head of 
Port Moller, but very litble development work has been done a t  either 
place. 

Copper.-There me no copper mines in southwestern blaaka, but 
several locations have been mode for copper at Pmspect Bay nnd on 
the east shore of Balboa Bn?-. 

0 t h ~  r.eaou~ces.-In atl(lit,inn tr, mineral wealth, the Ala~ka Ponin- 
szlla has other importmt resources. The red fox is most common 
of the fur-bearing animals of the region, although some Arctic hare 
are found. %me of the srnall~r islantls south of the Penineuh ara 
used as fox retnchm. The brown bear are still somewhat common, 
and the hides are of some commercial value. Large herds of caribou 
furnistl an abundant supply of fresh meat. Cod fishing stations hme 
been established at several points on tllc Shumagin Islands and farther 
W P S ~ .  There are two salmon canneries near Cllignik Bay, and others 
an tllc north side of the peninsula ncar the lread of Bristol Bay. 
Several salmon-salting stations have been estnhlished along the north 
shore and each year hundreds of tons of salmon are salted down a d  
shippot1 to the S t a b  at the close of the scason. The sea otter that 
first attracted the Siberian hunters to this coast have become very 
scarce. During the summer mason of 1908 the writer saw three sea 
otter skins that had been procured by tho natives. Thwe three raw 
skins wers valued by fur traders at S700. 

I neckrt, G. P., Reemurel~nm 01 the gold Eelds of southern A b k n :  Elghtemth Ann. Rept. U. 8. 
Qml. Survey, pt. 3,1111, pp. 12, E X .  

r Mwtln, 0. C.. Gold dsgoslb of the Shumsgin Islands: Bull. U. 8. Clml. Burray No. 268,1WS, pp. lKkl01. 
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At present there is but one regular passenger sbamer that Pisits 
the ports southwwt of Cook Idet m d  west of Kodink. This steamer, 
which makes o m  trip a mont11, connwts with regular steamam from 
Seattle st Seward, and on ih w ~ q t w r d  journey cdts at Seldovia and 
Kodiak before leasing for ports on tho peninsula. Private ytbchts 
or launches may sometimo~ be chartered ~t Seward or Hodiak for 
the journey west to points on tho penhula or neighboring islands. 
There is occasionally an opportunity to go direct from Seattle to 
Dutcb Harbor or TTnalwka on a steamer bound for Xome, and te make 
connections at either of those part8 for points on the peninsula, 

Travel from point to  point in the western part of the region is 
most convenient 'by means of coast iq  vessels or other s m d  boats. 
The large bays, several of whicl~ reach well into tho central. portion 
of the peninsula, make it possible to go by water to within a few miles 
of almost any point in the wwtem part of the area. In the north- 
eastern portion the routes of trnveI are largely determined by the 
drain* lines, and advantage is ueually taken of the large lakes to  
mmlt points in this part of the peninsula. It is not diflicult to ga 
on foot over the  pate^ past of the peninsula, but a few of the highor 
peaks are mfled and to climb to their summits would demand some 
skill. The lower slopes are s n t l e  and their clotlfiq of mosses and 
grasses helps to  make travel over them relatively easy. It woulcl bn 
possible to work with a pack train over much of thh country, I-hses 
are now in use ove,r the trail from Balboa to Remndeen Bay, anrl 
these hornets ham traveled over many of the hilh in the Herandeen 
Ray coal field. 

There are p o d  harbors st Hmk Bay (PI. Xm, A, p. 108), at Anchor- 
a p  Bay (PI. X I ,  B, p,86 ), an arm of C h e k  Ray, ~ n d  in Balboa Ray, 
near Sand Point. Small harbors are nurrremus. Prospect Ray, a 
few miles west of Cl~ignik Bay, offers shelter hehind a small llmk 
(fig. 18, p. 129) for a large vessel or for several small boats. IEarbor 
conditions at Unga (P1. W, A, p. 86) me fnvorabla except during 
sotltheaat s t o m .  Bardof m d  CoaI harbom, on Ungs bland, fur- 
nish good shelter and good anchor~e .  Hcmndeen Bay may be 
entered by small ocean-gok vessels, ant1 anchorwu conditions 
near the head of the hay m good. Port Aloller is so shallow that 
most of the bottom is exposed at low tide. 

The peninsula is often crosaed from Portage Bay to U p h i k ,  part 
of the route being by water, and may be cromsd from Katmai by 
way of S a h e k  Lake to Naknek, or from Cold Bay by way of Bech* 
mf Lake to Ugaguk. There is a route across the peninsula from the 
hesd of Chignik Bay, by way of the Cl~ignik Lakes m d  a short portage, 
t o  the drainage of the north side of the peninsula. The head of Fort, 
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Maller is but 8 miles away, and may be reached from a point in 
Stepovak Bay by a trail leading over B low pass. From the head of 
Bdbos Bay there is a good t r d  to the head of Herendwn Bay, a 
distance of 9 m i k  over tt pass about 400 feet above sea level Wnga 
Island map be crossed in trlrnost any direction on foot. Broad, open 
valle_vs make travel from one part of the bland to another relatively 
easy. 

GEOLOGY. 

AOE AND BUCCEBSION OF THE ROC=. 

The goologic lktory of the Alaska PenimIa, 80 far  aa it has been 
determined, is limited to Mesozoic and Cenomic times. Some 
granitic rocks in the nqrthwestern portion of the province are known 
to be of pre-Upper Jurmsic tyre, but no mcks on the peninsula me 
definitely known to be pre-Triassic. Since the opening of Meeozoia 
time uedimentation ha8 been p ing  on in some portion of the penksuls 
during each of the peat  geologic epoclu, with the posqihle exception 
of the Pliocene and the Oligocene. The Triassic is reprcsonted in at 
least one locality. Large areas of Jurassic aediments m p ~ s e n t  at  
lowt poFtions of the Middle Jurassic and the Upper Jurassic series. 
The Lower Cretaceous and the Upper Chtaceoue are representeci, 
There are also Eocene, possibly some Oligocene, and certainly some 
3Iiocene sediments in the province, From the Eocene epoch to the 
present time there have been numerous volcanic outbursts at various 
places on the peninsula, ant! a pofiion of the material ejected from 
the volcanoes is possibIp of Fliocpne q o .  The Pleistocene or glacial 
epoch is represented b _ ~  mor~inic deposits and some unconsolidated 
sands, days, m d  grav~ls. Sinre the close of Pleistocene time there 
has been m accumulation of ~lltrvial dcposits in the valley bottoms, 
along the shorn, and a t  the 11eaJs of the bays. 

Sedimentation has not, however, gone on continuously throughwt 
the peninsula from the b e n n i n ~  of the hlasozoic era to the close of 
the Miocene epoch, nor is it yet known to have gone on continuousEy 
during that t h o  in any one portion of the peninsula. The sedi- 
mentary record is broken at many places by p a t  unconformities 
which record periotls wben h h i i  land, or at least s part of it, stood 
above sea level and was aubject to  degradation, suffering from the 
activities of tho agents of weathering mi! erosion just as d m  the land 
that rises abova the sen level today. 

The gcnernl succession of mckD in the province is, ghown in the 
following table: 



Genmal seclwn o j  rocks of 1L Alaska P e n i d .  
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The known distribution and the probable extensions of the ger~. 
10giu formations have been indizated on Plate VX (in pocket). In 
the northeastern part of the peninsula, crossed by Spurr in 1898 and 
visited along the eastern coa~t by Stantan, Martin, and Stone during 
the summer of 1904, the formations include one small m a  of Triassic 
mks, on the eastern shore near CoId Bay, a belt of Middle Jurassic 
beds, extending from Cold Bay southward along the coast at least as 
far as Kialag~k Bay, a large m a  of Upper Jurassic rocks, atendmg 
through the central part of the peninsula and outcropping west of 

- Cape Douglas, on the shores of Kamishak Bay, a belt of p n i t e  and 
- syenita, bordering the Upper Jurassic belt on the no~thwest, and, still 

farther to the northwest and extending to the shores of Bristol Bay, 
a coastal plain area composed of Quaternary formations. Through 
the central portion of the peninsula, in the area occupied by the 
Jurassic formations, thera is a belt of recent volcanic rocks. On the 
eastern comt, north of Katmai, large areas of Tertiary rocks have 
been located, md Cape Douglas is composed of Tertiary sediments 
overlain by mdesitic lava. Near Douglas Village, on the east coa t  

-and a few mi les  south of Cape ~ o u ~ l a s ,  there is an area of Cretaceous 
rock ,  and the mountains west of Cape Douglas and bordering the 
mast are composeti of granitic rock. At several pointa between 
Douglas Villqe and Hatmai racent volcanic roch are exposad. 

Between this northeastern portion of the peninsula and the Chignik 
Bay region there ia an area which has not yet bean visited by mem- 
bem of the Geological S w e y .  The northwest portion, bordering 
Bristol Bay, is a continuation of the coastal plain area, recognized 
farther north, and this belt is presumably composed of Quaternmy 
formations. The Mi-ddle Jurassic and tho Upper Jurassic rocks that 
appear to the northeast and to the southwest probably form, a con- 
siderabIa portion of thjs intervening unsurvoyed area. 

The distribution of the formations has been worked out in some 
detail in the Chrgnik Bay region. In the axis of bhe Aleutian Range, 

. northwmt of C b i k  Bay, there b a be1 t of Upper Jurassic sediments. 
Thia bdt is bordered on the north by the Quaternary fokmstions of 
the northwwt lowlands and on the south by a belt of Upper Creta- 
ceous rocka. There are early Tortimy formtbtions overlying the 
Upper Cretamous in the area southwest of C h i &  Bay. The entire 
aeries of sedimentary beds of this region appem to be cut off by a 
mass of volcanic rocks on the west and the headland northeast of 
Chignik Bay is composed of recent volcdcs.  

Ba tween the Chignik Bay region and the area bordering Port MoUer 
and Stepo~ak Bay the geologic conditions have not been studied in de- 
tail. The northern portion ia composed of Quaternary formations. 



me Pac'Lfic Ocean aide appeam, asen from the vessel, to be made up 
of recent volcanic rocka, rind to jutlge from the gmeral featares seen 
while comting along thn southcrn sllore, the central portion is com- 
posed of a gre& sedimentary series, probably the eastward continua- 
tion of early Tertiary rocks of Chichagof Peak northmt of Stepovak 
Bay. 

The area extending acrogs the peninsula from Port MoITer and 
Herendeen Bay on the north to the shores of Stepovak rand Bdhoa 
bays, and still farhher south to include Cnga Island and ra s m d  por- 
tion of Popof Island, has heen stutlietl in some detail. The axis of 
the Aleutian Range in this portion of the peninsula is composed of 
early Tertiary formations. Bordering this belt on the north there 
is a small area in which Upper Juwssic, Lower Cretaceous, Upper 
Cretaceous, and some Recent volcanica nre oxposed. StiU farther 
north is the coastal plain belt of Qunkrnary formntions. South of the 
Iarge area of Tertiary sedirn~nts, exposed in the axis of the range, 
there are irregular areas of Recent volcanic rocks, and at intervals 
along the coast there are small araas of Tcrtinry sediments. Within 
the axial belt of Tertiary, north of I3albo~ Ray, there are several 
Recent laccolithic intrusions and numerous dikes and ~ills. 

West of the; Balboa-Herendeen Bay district no syshmatic geologic 
work has been done. It appears from tho general conditions and 
from auch examination as has been made that the belt of Tertiary 
formations composing the axis of the range north of Balboa Bay con- 
tinues west a t  least as Em as Pavlof Bay. On the east shore of that 
bay characteristic early Tertiary fossils were sncureil. Volcanic fea; 
tures are dominant wea t of Pnrlof Bay. Several valcanocs are active, 
and so far as known the rest of the peninsula is composerl of Recent 
volcanic mh. 

The islands south and southeast of the Alaska Peninsula, not 
already mentioned, are composed chiefly of Reccn t volcanic rocks, 
a1 though more ancient and more comely crystalline igneous rocks 
are known to occur on some of them. 

TIIF! general geologic structure of the peninsula is anticlinal, but it 
is not that of a single anticline throughout the length of the pcnin- 
sula, nor do the cross sections that have been workcd out in detail 
show a ~irnplo anticlinal structure (figs. 1 md 2). The shcturo of 
the peninsula is more properly described as that of an anticlinorium, 

Faulting has occurred at many places. In soma faultma the mov* 
ment along a ~ingle plane was as much aa 1,000 feet, and in others 
~ystem of distributive f aulta developed, with movements ranging 
from a few inches ta severd rods along the separate fault pInnes, 
Much of the lava that mss beneath the peninsula during tho periods 



of voloanism failed to torch the d a c e .  Same of this remained in 
vertical oor nearly vertical fburea  as dikes, other masses spread out 
between sedimentary strata as intrusi~e sheets or sills, md some 
entered the sedimentary scrim rw p e a t  l&cmliths and Mted the over- 
lying beds in large domes. 

The sedimentary formations rest in a nearly horizontal positbn in 
the northeast portion of the penin8uIa. As repartad by $puma there 
is a slight upturning of the beds on either side of'the belt of Recent 
volcanics through the centraI portion of this part of the peninsula. 

Frcms I.--Structure muon the Aha$a Panbmh along the Hna A-B, Plnh VI (fn p~cket). 
1, puatmmy; 2, Tmtlwy; 8, Cret~wus ;  4, Upper Inrassic. 

The coarse-grained crystalline rocks are beneath the Upper Jurassic 
and overlain by Quaternary formations to the northwest. Stantun 
and Martin report some open folding along the, etbst cotkst, with the 
folds cr~sscut by an irregular series of fadh.  A structare section 
across the peninmla few miles northeast of Cold Bay would indude 
some Middle Jurassic and Upper Triassic near the Pacific Ocean. 
In the Chignik Bay region, the general struckure is that of a broad 

anticlinorinrn (Sig. I), and this structure con tinurn westwwd tlmugl~ 
the Balboa-Herendeen Bay district (fig. 2), t o  the &ores of Pavlnf 
Bay. Bordering the main anticline1 fold in the axis of the range 

A L A b H A  P E N I N S U L A  

c 

0 5 10 15 ZQ z55les  

~ V E E  2. -Shdare seo#ion w r w  the Mwka Fenhala drmg tho line C-D, Plate Vl (in gocket). 
1, Quaternary; 2, volcanIo rmW, 3, W t %  lntdons; 4, Tatiary; 5, Cretaceoas; 6, Upper Jurwdc. 

are min0-r folds to the south in the Chignik Bay region and on both the 
north and south sides in the BaIbo*Herendeen Bay region. 
On the islands, so far as known, the massive igneous rocks are 

bordered and at some plmm covered by bmic I a n  flows and bedded 
~olcanic tuffs. The sedimentary rocb on these islands rest in a hori- 
zontal or nearly horizontal position in small are= near the coesta. 
Mora detailed descriptions of geologic structures accompanied by 
other structure sections will be found in other portions of this report. 

1 Bpurr, J. E., A mnnaissance In sauthweatern flash% in lBs8: Twwtleth A m .  Rept. U. 8. Qed. 
B m ,  pt.  7,1900, p. 146. 

I Btsnton, T. Mr., and Martin, 0. C., R t e  Mesvmiu section on Cook Inlet md AJmka Pdnsala: Bun. 
W. Sm. h a t i c a ,  voL 16, I%, p. am. 



Different portions of the peninsula have had geologic hishies so 
different that the structural relations h a t  may be worked out for 
any. one rc~ion must necessarily be expected to difler from the 
strueturn1 relations in another part of the province. The geolagic 
successions and stratigraphic relations in different portions of the 
peninsula are given in tho fnllowing table: 

The base of the Upper Triassic series has not been seen, but it 
appeam that an unconformity exist3 above the Upper Wmic and 
below the Jiiddle Jurassic. The presence of the Lower Juramic is 
not yet established. !l%e relationship between tho Middle Jurassic 
and Upper Jurassic is probably that  of conformity. Betwoen the 
Upper Jurassic and Lower Cretaceous the relationship has not been 
sstisfsctody determined at any locality. There is probably a some- 
what widespread unconformity between the Upper Cretaceous and 
h w c r  C'retncmus series, but sedimentation seems to have been 
continuous from late Grehceous on into Eocene tima, at  loast jn the 
western part of the peninsula. If the Olqocene is represented at  all, 
it is represented by the upper portion of t,he p e a t  conformable series 
of beds which indudes the Upper Cretaceous and the Eocene. At 
most places the Mio Gene rests unconformably upon older formations 
but on Wnga Island it rests conformably upon the upper Eocene. 
An unconformity separates the mcks of Miocene age fmm a11 more 
recent deposits, arid there i8 likewise an unconformable relationship 
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between the recent sediments and the deposits of the Pleistocene 
epoch. 
In short, the stratiPspgc relations of the m c h  of different periods 

is that of mconformity except whore possible Oligocene rasts upon 
Eocene, where Eocene sediments rest upon beds of Upper Cretaceous 
age, and possibly also in the relationship of the 3GddIo and Upper 
Jurassic sediments, which may be conformaMe. 

In this description of the rooks of the peninsula they are taken up 
in the order of their A ~ B ,  irrespective of sodirnentnry or igneous 
origin, ~~ with the oldest and continuing to the most recent. 

A R o U , m  OF UNKNOWN AQE. 

A smaU patch of arflite is exposed on tho east ~hore of Unga 
Island between Delarof and Bardof harbors, nbout 21 miles northeast 
of the village of U n g ~ .  It is a. dense, structureIess rock, very brittle, 
ss soft as slate, and without ~ s i b l e  crystals. Under the miaro?kope 
it appeam to be of uniform composition, being made up of minute 
grains, and is of isotropic charact~r. It is expo~ed in a bold sea cliff 
composed chiefly nf voIcaaic tuff that 'border find overlie it (see fq. 10, 
p, 70) and is possibly of pmTmtiary we or older. The overlying 
tuffs are posblfiocene and probably recent. N o  similar formation 
was seen on the island. 

The oldest sedirnent~ry rocka exposed in Alaska Peninsula are 
Upper Triassic. Thcy outcrop near Cape Icekumoi, et the north 
nntrance of Cold Bay, and extend nortllenut~wd several miles.' 
They cEoubtEew undcrlie the Jurnssic throughout the Cold Bay reon. 
Tile Z'riassic hocks at this locality consist of thin-bedded chert, 
limestone, and shale of varied colors. The chert and limestone are 
usually Mack, green, or dark rsd when fresh, but weather to lighter 
shades. Stanton and Martin estimate the thickness of this series to 
be at least 2,000 feet, hut state that in the exposures visited the base 
was cut off by intruded igneous rocks. The Triassic rocks are reported 
ta be cloaoly folded, frequently crumpled, and cut by numerous dikes, 
some of granite, othem of mdesite and basalt. The igneous rocks 
were intruded soon after the f o l d i ,  which must have closely fol- 
lowed Triassic tima, for they do not cut younger rocks, The Triassic 
fauna of the region, &rr now known, h almost limited tu a single species, 
Pse&omonotb mbcircub& G~bb,  whlch, however, is very abundant 

1 Stanton, T. W , and Yartln, Q. C., The W m t o  mUon on Conk l3let and Absh  P d n m k  BnlI. 
MI, loc. Amcrlaa, MI. 10, lwb, p. 893. 
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in certain layem of shdo and lirnmtone at Cold Baj~. Of this species 
Stanton and Martin state: 

In California P d o m o n o t i s  ~ u k b c r ~ l m i s  i s  coofncd tn the S m + r  darn, wh.ich 
form the uppermost Trimic formation in that wgion. RirniInr beds with the ~ a m c  

f&l m u r  in Vanrou~prnnd Queen Charlott~ Ialand~ and on the mainland of Britieh 
Columbia, and they cover comidemblo in the CEopper Riwr @on of AhIra.' 

A few imperfect ammonites have also been found in the expvstrres 
bordering ('old Bay from beds overIying the P s e r u E m t i s  layer. 
These ammonites, when generically determined, may pm5ibly indi- 
cate a etilE &?her horizon cf Trimsic. 

No rocks in tho Alaska Penhula hava yielded Lower Jurassic 
fossils, hut at Cold Bay there aro nearly 4,000 beet of shales and sand- 
stones, RB reported by St~nton and Martin: between the known 
Triassic horizon and the Middlo Jurassic. The exact position of 
these rocks baa not been datermined by paleontologic svjdence, In 
the ticinity of Cold Bay the unconfamity between the Triassic and 
Jurassio, known to exist farther north on the shares of Cook Inlet, is 
not obvioua, and the boundary between the two systams hrrs not yet 
been definitely fixed. The structural relations are obscured at sev- 
eral points by faults. 

One area in the northwestern portion of the peninsula (PI. VI, in 
pocket), at the west end of Becharof and Naknok Lakes,is compoed 
of igneous rocks? which am of pre-Upper Jurassic age or oldcr. This 
belt was crossed by Spurr in 1898, and reported %by him to  be com- 
posed of coarsegrained granitic rocks, and to occupy a considerable 
area on the northwest side and parallel with the main trend of the 
peninsula. Some syenite and & extensive outcrop of hornblende ,, 
granikaplite were also found by Spurr in the area bordering the 
lower end of Nahek Lake. 

The sedimentary rocks adjoining this area and extending south- 
eastwart1 are of late Jurassic age, and contain an abundance of arkose 
and gome canglornerates. Tlic! resemblance of the granite pebbles in 
the conglom~rates and of the granitic material in the arkois  suggest 
that the material for them sedimentary formations may have been 
derived from the neighboring crystalline rocks, and that the latter 

1 Bt'lntan. T. W., mad Iksrtln, 0. C., op. dt., p 398. - 
9 Idem, p. m. 
'Spw, J. E., A in swthaestern Twentieth A m .  Rept. 8. C d .  Survey, 

pt.7,1m,p.zn. 
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m, therefore, at least of preUpper Juraesic age. Mount Douglas 
m d  the neighboring peaks have been reported by R. W. Stone to be 
composed of coarsely crystalline rocks. 

So other igneous rocks on the peninsuIa have been found in such 
relations xw to  suggest for  them m age preceding thnt of the Upper 
Jurmic rocks. la the Herendeen Bay district tha Upper Jurmsic 
sediments are composed of conglomerates and arkoses, which suggcut 
the proximity of an exposure'of granitic rocb to that region during 
late Jurassic time. 

The  go of these rocks hm therefore not been definitely determined, 
but G .  C. Martin has informed the writer that similar larga areas of 
granitic rocks of early Jurassic or mid-Jurassic age exist a little farther 
north and are probably the continuation of the area reported by Spurr 
in 1898. 

Chamdr and dktrihtion,-The Middle Jurassic is we31 exposed on 
the ~rtst shore of Enorhkin Ray, a small reentrant on the west side of 
Conk Inlet about 40 miIm north of the northeast terminus of the Alaska 
Peninsula as herein defined. These rocks cover a large area in the 
vicinity of Cold Bay (PI. >'I, in pocket), md the occurrence of C h -  
c m  w o r r s m ~ ~ m k i i ,  near Katmai, reportcd by Grewingk, indicates 
another pmible locality for their occurrence on the peninsula. Stan- 
ton and Martin ' rnea.4rrd 1,650 feet of Middle Jurmsic sandstones, 
shales, and conglomerates on the shores of Enochlun Bay, and these 
observers estimated that at least half the total thickness was con- 
cealed. 

Because of the development of the Middle Jurassic rocks in the 
Enochkb Bay region the name "Enachkin formation'' was applied 
to t.he beds. Of the e x p o s m  of these rocka in the CoId Bay region 
Martin has said : 

The Enochgin formation occupim both ~hore~of Cold nay except at the northraskrn 
promontory (Cape Kekurnoi) and ~t the head of the bay. It atm extenda in a belt 
along the &ore of SheIikof Strait from Cold Bay to Dry Bay and pmhbly ae fnr byond 
as Portage by. 

On the m e  page he gives the Fdlowjng memured section, which 
is exposed on the east side of Rex Creek, about 1 mile above the head 
of Dry Bay: 

Bmtrm, T. W., and Martin, G. C., op. tit.. p. M#l. 
m Martin, 0. C., Petroleum flelds of the Pacific coast of M: BUM. U. 8. Grol. 8-f, Nh m. 11804 

p. 5.3. 
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Mmm9 secldon on Rex C r ~ k ,  Cold Bay r e ~ m .  

Naknek formation ; pet. 
Arkow, mndtltme, iltld  hale ................................ MM+ 
Enochkin formation; 
Shale and mndstone.. ..................................... 500 
Sandatone ................................................ 9Q 
Argillaceous &ale.. .............-.......-............. 400 

. .  ....................... Sandstone, W e ,  and conglomerate.. 300 

Paurn and $om.--The paleontulogic evidence from the CoId Bay 
exposurm of the '[Enochkin formation'' hasl been presented aa 
follows : l 

This perfion, which we have mentioned as " m e  D," or the " C* m e , "  has 
been recognized by ita h i l a  from Snug Harbor to Cold Bay. Its characteristic 
ammonite9 have k e n  aeaigned to the Cdlovian by Neumyr, Hyatt, and Pompeckj , 
all of whom recognizd thc character of the fauna, which ia represanted by closely 
similar forma in Rmia ,  Franz J m f  Land, and ekewhere in northern regions, as well 
m in other parts of Enrope. This Callovkn fauna i s  p h e d  by many geolcgista in 
tlie lower part of the Upper Jurm~ic~ but i t  Reems to wcord better with the local deveI- 
opment in Almka to follow the cu~tnm of somo Geman gwlcghts and mmp it to the 
top of the Middle Jurassic. Seven speciw of C & m  h v e  been named from Alwka, 
some of which will evidently become Rynonyma when the huge collections now Qn 

band rn fnlly dudid, and pagsibly one or two additiollal riamea will be neeemmy. 
With k are amxbted S p m m ,  Phylheem, and one or two other genem of 
ammonites, beIemnitea, and a very few pelec- and g~tropods. 

A few plants, refemd by Dr. F. H. JKnowlton h toadophhbk 
de&mlda, Ctenib gmndifuZk, H~umunnh sp., and Z).idyophyllum 
ef. D. obt~~&&m, have been found with the marine invertebrates. 

NAKNEK YQRMATION. 

Name and +ml &GP"il~tian.-The Nabek formation was first 
described by Spun a fmm the vicinity of Nsknek Lake and Katmai. 
He says of it: 

The N a k k  w&a eo* of a grmt thickne~ of granitic arkow and of conglomerate 
which perally  con^ pebblm of granite. All of thw sedimentary locks are evi- 
dently derived from the destruction of a land maas which c o h t e d  largely of hom- 
blende-biotite pnib. Them are probably some volcanic flom interstratified with 
the arkose and conglomeratpa, although it icr not abolutely proved t h t  thme exam- 
ined may not bo iu  trusivo. The m r h  is cut by sndesite-badtic (deutitic) hva of 
later age, especially dong the a x i a  of the range, where the amount of volcanic m k  is 
very %reat. 

Thmugbaut the whole seria the arkoee~ ctrrry abundant fwiI re&, both of 
phnt~  and of marine orgrtnim. 

1 Stanton, T. W., and Yartln, G. C, The M e m d c  sactfon on I)ook: Met. and Atadfa PednsuIa: Ball. 
aed. Sot. Am&,vol. 16, \BOB, p. 401. 

P ctp. Oit. 

Spm, J. E., A reconnabce in mthwatPm A b h !  TwmW Ann. Rept U. B. Geol. Sunmy, pt. 
7, pp. 188-171. 

90064°-13ull. 467-11--4 
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Elsewhere Spurr alludes to the presence of beda of gray compact 
limestone in the formation, and on page 180 he ad&: 

Throughout tho whole wries m abundant, plant remaina, which, m far aa examined, 
were not determinab, and mwine faunal remaina that indicate a probable Uppr 
Jumsic age. 

Ha estimated the thicknrm m t p e d  in the mountains nsar f i t m a i  
as at la& 1,500 feet. The mction exposed on the cliffs on the east 
side of Katmai Bay was demribed as ,consisting of hard and massive 
dark-may arkoae at the bottom, overlain by a probable %ow of mas- 
sive antnrleait~, above which are other beds of arkose and conglomerate. 
The gray compact limesbne with Jur-ic fos~lLs is found at various 
 point.^ in t h ~  rocks. 

h & r  a&' dbtfibutiun.-A t the extreme northeastern margin 
of the peninsula, on the shores of Kamitshak Bay, the Naknek forma- 
tion is well exposed. Here the formation consi~ts largely of sand- 
stones which nre very fossiliferous. 

The Nnknek formation pmbnhly occupies f i  large portion of the 
peninsula in the vicinity of Katmai and Naknek Lake (PI. VI) and 
extends southward beyond Cold Bay and Becharof Lake. Martin 
llas made the following report regarding it: 

The N s b @ k  fformstion form the shore of the h a  of Cold Rnry and wmpies the 
entirc interior @on ge far wmt M Becharof Lake and WI far arnorth rn Hahi .  

On the game page he s t a m  that a section in the Saknek formation 
exposer1 in Rtrx Creek  bout 1 mile above the head of Dry B q ,  the 
first bay rsoulth of Cold Bay, includes somewhat more than 600 feet 
of arkose, sandstone, and shale. 
The distribution of this. formation in the Chigdr Bay. and Heren- 

deen Bay &districts is indicated an PlslCes VII and VITI. The Nahek 
formation is exposed in the axis of the Aleutian Range in the Chqmk 
Bay region. The detailed mapping was not completed in this r+on, 
but the formation probably occupies a considerable belt thseugll the 
central portion of the peninsula. It consists here of a series of sand- 
stones, ~ h a l ~ ,  aatl conglomerates. The srsadstan~ of the Nnknek 
formation oxpoaed on the shores of Cbgmk Lagoon and on the 
shorea of Clignik Lake are 5.m-gained and firmly cemented rocks of . 
dark-gray colora. These exposures yielded collections of fossil i n v ~ r -  
tebrates, wliich wiU be referred to later as colloctions No. 58a and 
No. 56, respectively. Northwest from the head of Hook Bay the 
Upper Jurassic is represented by thin-bedded sandstonm, which 
yielded fosil  collection No. 50, md by some grit&, mnglomeratcs, 
and shalea. 
In the Herendeen Bay region the upper Jumsic outcrops are 

limited to a few projecting points near tho head of the bay, and to 

1 Martin, Q. C., Petmleum &Ida ot the Paaitlc m!wt oi &ah Ball. U. 0. (feol. B w 6 - y  No. ZW, 1805, ' 

p. 53. 
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one Iocdity in the small peninsula between Herendeen Bay and 
Pod Moller. In this region the formation is north of the main anti- 
clind axis of the Aleutian Range and in the central portians of 
minor doubI+plunging anticlines that have been deeply dissected, 
first by running water and later by ice erosion. In this region the 
Nahek formation is limited to areas lying within 1,000 feet of sea 
level and is composed of sandstones, shales, conglomerates, grits, and 
arkose. The sandstones and arkoses appear to have come from rocks 
of a granitic nature, and the conglomerates contain an abundance of 
quartz pebbles that may have come from granitic rocks. 

The section measured near the base and on the east side of Pinnacle 
Mountain, near the head of Herendeen Bay, is given below: 

Sectwn of Naknek formdon. 
Feet* 

Sandstone, ccmm grained and bmiliferous (yielded collection 
No.22)  ........................................................ GOO 

Sandntone, medium grained (with a Sew fwaila). .................... 100 
Sandstone, b e  grained and fowilif emus (yielded collection 

No. 21) ....................................................... 50 
.................................... Grit or coame gritty mndstone. 30 

Sadatone, dark colored and very h e  grained (yielded collection 
No. 14) ........................................................ XW 

Fauna.--Stanton has made the following report on the paleon- 
tologic material referred to above and on other collections obtained 
fronl the Naknek formation in the Herendeen Bay and Chignik Bay 
regions during the season of 1908 : 

No. 14. Esst bnse of P i l e  hiountain, Herend~n  13sy: 
PecCn sp. a. 
Pecten ap . b . 
P e c h ?  sp, c.  . 
Aucella sp. related to A. brmni Rouillier. 

BP- 
No. 15. Bold Bluff Point, Herendeen Bay: 

Aucella sp. related to A,  h n i  h i l l i e r .  
No, 21. Cmyon on east face of Pinnacle IIountain, Herendeen Bay: 

Aucella ep. related to A.  b m i  Rouillier. 
'No. 22. Canyon on mt face of Pinnscle Mountain, above horixn~l that yieldcd col- 

lection No. 21: 
Tmbratula 8p .  

Pecten q. Large, smunLh hfntnl. 
Aviculib sp. 
Aucella ~ p .  related to A. pulkai Keyeerliog. 
Cyprina sp. 
Pleuromya sp. 

No. 24. Crow Point, Herendeen Bay: 
EumicrotLa sp. 
Aucelh ep. related to A. p a l h i  Keyserling. 
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No. 24. Crow point, Hercndeen Bay-Coutioued. 
Cyprina ep. 
Pleummya RII. 

UcIemnim RP. 

No. 25. Yrow Point, Hemudem Bay: 
Aucella 8p. related to A. pallmi Keywrli~i~.  

No. 33. Crow Point, Rerendeen Ray: 
Peckn q. Large, smooth lorn. 
Enrnimtis ep. 
Aucclla gp. related to A. pnlhai Xeymling. 
Cyprina q. 
Pleuromyrt sp. 

Nu. 27. (:row Point, Hewndeen Bay: 
Same speciea a4 in  26 with Tancredia and I l n l ~ r n i i i t e ~  rrclditinnwl. 

No. 50. North ~ k l e  uf Chipik Ray, on muul~iuin top ilorth of 13ear (:reek. 
Lima ap. related to A. h d  RouilLier, 
T u T ~ ~  ap. 
IJelcmnih osp. 

Horizon, Upper J m w i c .  
NO. 56. Chipiik Lake, in fino-gmined dclrk-colorrd w ~ n d u t ~ r ~ ~ t l  exptwn~l nlrrn~ i l ic nhnri. 

in the aouth~-e~t arm of l l~e  Iukc: 
durrlla ~ p ,  related to A. h n d  Roujllier. 

Ilorizon, ripper J u d c .  
No. 6%. Clii~rlik Lagoon, about opMte  Almh Packem' hmiitiw'a cannery: 

Lima up. 
Aucella ep. elated to A. bronni Rouillier. 
PhyllmemT up. l h p e n h v  imprint. 

Ilorizo~l, Uppcr Jumaic. 
No. 1. Tlmk I3ny Crek ,  ncar cm! mine: 

Aucella q. relatcd to A. plbi Keyserlimg-. 
IIurFznn, Upper J d c .  

Sttrnton has discussetl the faunal relations of the Naknek forma- 
tion ns follows: ' 

The fauna of the Nalmek formation L especWly characteriz~b by the proeence of 
A w l l a  brlondn~ tn 8 p e c i ~  very closely related if not iclenfical with A.  p a l h i  and 
A. bronni of the numian Volm beds. Thme fostrils m at some 1waZitia vrry &bun- 
dent, romplelr-Iy fill in^ thick beda. At other places they a m  SO rare that they may 
be easily ov~rlwkM1, but a careful m h  will find them in airnost eve9 mctiun. 
h m i a t c d  with the Auwlla them are usually two or three v i m  of Behnika ,  
frequently tl l a w  Lyloaroe and a. I ' h y l l m ,  and occtbaionallg w few gwtmpodm, 
Ttdgonh, and other pclecyds. It  is clear that the Pvaknek formation in of about 
the Rame am as the Nuripurn MH of Cnlifornia with Aurrllu erring~oni a ~ ~ d  Cunlio- 
m s  cf,  allanar~s,' and it alw includen t h ~  horizon of the mtarine Jumsic with CaPrlio- 
m a  m r d ~ o m  in tho Rlwk Ilills, where, hnwsver, the Aucflh cloment i~ lwking 
from the fuu~ie,  und pnol~iibly only the horizon of the b d  portion of the Naknok ia 
represented. A similar fuuna occurs in Rus~is  in tlw Volgian beds, and it is wida- 
apmd in the boraal region, occurring on Spitzbergen, Nova Zembltr, and elwwl;lrw. 

S t m t u ~ e  and stmP;+paplt i.c: rp;Tntirma..- At the northeastern ex+-rcmi ty 
of the peninatlln, nntl n, litdo wcst of Capo Douglas, the Naknpk setli- 

18bnt011, T. W., and Mardln, 0 .  C., The M-la seclinn 01 Cook 1nlit aad A h I r a  PmInwla: Bull. 
Gml. BOG Amerlre. vol. Is, IW, p, 407. 

2 Two nornm, C. wlilrugri 81~1th and C. d&hm Ilpstt, hum h e m  bm pmhbIy the samespeclea 
in thk fomntlon. 



ments rest in a nearly horizontaI position, but their relations to other 
formations in that part are not as yet known. In the central portion 
of the peninsula, between Katmai and Yaknek Lake, the Pu'aknek 
atmta are gently folded. They are reported by Spun to be up turned 
on either side of the belt of ~oIcanic pocks which occupy the axk of 
the Aleutian Range in this portion of the peninsula. 

A little farher south in the Cold Bay-Bech~rof Lake region there 
j, s aeries of anticline~l and synclines with nearly parallel mga trend- 
ing in a general norhhewt-soutllwest direc,tion. 

The section there exposed is given in the following table: 

a bh-th,  Ct. C., P e t m h  Beids of the r a r i f l o m t a t  A h k  Bull. U. S. Ceol. Survey No. 250, 1905, 
p. 52- 

Fonna8on. 1 Age. 

PostrJumssir. Volcanic m k .  probnbly andesite 
or hasalt. 

Naknek foma-tlon. Lafa Junwlr. Arkose, c o n j t ~ t e ,  sandsdone, 

"Enochkin" formation. YidJurxwic. Bhalc, s&ndsbnc, nnd a llttk llnae 
stone. 

Trlrawic. Shalr, limestone, nnd chert. 
Rdunwsk.  Crnnlb, synnif.8, etr. 

The main anticlinrti axis in this region extends from Ranats, at 
the head of Portage Bay nclrtlleestward between Becharof Lake and 
Cold Bay (P1. VI, in pocket). There is a syncline parallel t o  this 
main fold extending fmm the region about the mouth of Oil Creek 
northeastward nearly to the sllores of Cold Bay, where it is cut off 
by s fault. The exposure of Triassic mcks and the northwestward 
dip of the strata farther northeast on the north side of Cold Bay 
seam to indicate another antic1inttl axis which may pass through 
the headlands along tho coast. 

A synclinal trough passes northwest of the main anticlinal fold in 
a northeast-southwest direction through Becharof Lake, rind still 
farther west at the lower end of the lake is another upturning of tile 
sedimentary formations rand an exposurc of coanely crystalline 
rocks. The dips are low over wide fireas and the zones nf steep dip 
are narrow and infrequent. Observed dips near Cold Bay vary, 
none exceeding 16". 
In the C k i k  Bay region (PI. VII) the base of the Nahek for- 

mation was not seen, but an erosion pl~na. separates this formation 
fmm the overlying Upper Cretaceous sediments. n i s  unconformj ty 
is perhaps bsst shown on the nortl-iwest coast of Chignik Bay near the 
entrance to Chignik Lagoon and on the northwest share of that 
lagoon. At these localities the structrrral hreak is distinct and fossil 
material is available from both horizons. In the exposure west of 
Hnok Bay the Naknek strata stand at angles w high as 50°, and 

Thic-m. 

Fed. 

3, W 5 ,  MU 

2 , ~  



when the stnlctural relations in thi portion of the field are worked 
out in dct~il  they will probably demonstrate a g e n t  structural break 
between the Upper Jurassic and the Upper Cretaceou~. In the 
exposures about the shores of Chignik Lake tho Naknek beds appear 
in broad open folds, the. departure from horizontality usually being 
legs than 10". 

The main anticlinal axis in thia region has a northembsouthwest 
direction passing through GBignik Lake (PI. VIl) and fbIIowing the 
crest line of t(he Aleutian Rango in either direction (fig. 1, p. 28), 
The axis ii about 8 miles west from the heed of Hook Bay and appar- 
ently continues northeast in the direction of Portage Bay, where it 
may become continuous with the axis extending northward from 
the head of that bay anti between Becharof Lake and Cold Ray. The 
northwest ~ i d e  of this fold waa not seen to advantage in the Chigrtik 
Bay region, but on the soutlieast there are a n~rmber of gentle folds 
shown in the bold headlands on the south side of the bay from Chig- 
nik Lagoon to Castlo Capo (PI. V, A, p. 38) at the southern entrance 
to Chignik Bay. 
In tho Hcrendeen Bay rcgion (Pl. VI?J) the Naknek formation is 

e x p o d  in the central portions of dissected anticlines, a d  the beds 
rest at and~s not exceeding 20". In thi8 region, especidy in the 
Crow Point exposures, the formation is much faulted, and Dhe b w  
is not exposecl. One of the contacts with the Lower Cretaceous 
is by faulting; the other is obacured by talus mcumulations ~ n d  
vegetation. The stratigraphic relations between the Upper Juraasic 
ant1 h w c r  Cretweons in this region are therefore not yet known. 
Tlie general structural conditions in this portion of tho peninsula are 
given in %re 2 (p. 28). Mere detailed sections ow given in figures 
5 (p. 59) and 23 (p. 97). 

CRETACEOUS SYSTEM. 

Two distinct Lower Cretaceous formations are exposed -4 the 
Ihrendeen Bay @on, but have, not yet been recognimd elsewhere 
in the peninsula. They outcrop on tho emt shorn of ILereadeen Bay 
and extend northea~tward thro~ud~ the coal field to the vicinity of 

7 ,Hot Springs on the shores of Port Msller. (See B1. mU.3 

A series of &alw that constitutq a large part of Staninkovich 
blormntain, A peak 2,400 feet high, overloolung the entrance to Fort 
Moiler, has been called the Staniukovich shale. The mountain 
was named for Capt. Nikhail Nikolaievich Staniukovich, who was in 
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comand of the sloop Motler on a awmying expedition to this part of 
Alaeb  in the year 1828. 
The Staniukovich shale, which makes up the lower portion of the 

Lower Cretaceous of this region, includes at lemt 1,000 feet of shales 
with thin beds of sandstone. This formation underlies conformably 
the IIerendeen limestone and is 1ithologi.cally very different from 
tlle wtliments composing the Nahek formation, of late Ju rwio  age. 
The StaniukoPich shale is well exposed in Stminkovich &fountain 
and in the north wall of Lawrence Valley. The d~ales sre thii bedded, 
and talus nabrial forms upon them so rapidly that they weather 
down to tsofbned slopes of dull reddish colors without striking physicall 
characters. 

HEBENDEEN LIMESTONE. 

The upper portion of the Lower f l e t a o u s  of this region is an 
amnamoua limestone of light-gray color, locally arms-bedded and 
fmsiliferous. Tlla formrttion i s  800 feet thick, and owing to  its 
superior resistance to  the ag~nts of weathering it has come to  form 
conspicuousr ridges in the coal field. 

The Herendeen rock is a yellowish, sand-colored he-grained lirne- 
stane, with numerous minute plates of black mica on the sediment* 
tion planes. Locally it contains abundant fragments of shells and, 
st places where the &ell forms are lost the comminuted shell material 
may be recognized. The shelle that have yielded most of such mate- 
rial wcre peokns. microscopic examination1 of this rock ~ h 0 m  
that it is "mainly aampo~d of dirty carbonate occurring ih small 
short rectangular forms, but longer pieces are found, and these show 
curvature indicating a detrital organic origin. Throughout the sec- 
tion scattered subangular fragments of quartz and plagioclase 
and apordic flakes of biotite; as sccessories there ocwr fragments 
of pyroxene, of rounded microlitic andcsite, and grains of magnetite." 

The Herendesn limestono, though folded and somewhat faulted, 
may be traced esst from Coal Harbor for several miles, thenca north- 
weat until it outcrop on the shore of Herendeen Ray a littlo north 
of Coal Harbor. Them outcrop a m  on the aides of a plunging syn- 
cline. Farther north the same arenaceoua limestone outcrops again on 
the flanks of a neighboring anticline and extends east below recent 
volcanic tuffs ltnd flaws untd it outcrops on the went &ohore of Port 
Moiler. 

FAUNA. 

Several ~ollectioxls of invertebrate f o r m  have been secured fmm 
these h w e r  Cmtaceoua formations, and from an exmination of 
thk material Dr. Stmton has recognized two horizons. The higher 
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horizon contains forms related to  AWP&  is and the lower 
farma relatd to Auc& pioc7aii. Tho localities at which these co1- 
lections were made ape given below in Dr. Stanton's repork: 

No. 13. Weat side of the besin of h t  Valley and about 500 feet s b v e  nea Ievd. 
. AncelIs sp. related to A. piocbii Gabb. 
Aucella sp. related to A. cra~~icotli~ Kopr l ing .  

No. 16. Just m t h  of Shingle Point aaet side of Herendeon Bay, 
AumlIa tip. related to A. cmsicollis Koywrl in~.  

Na. 37. Between Shingle Point and Marble 'Point, emt ~irle of Herendeen Bay. 
Aucella sp. related to A. piochii Gtibb. 

No. 28. Prom high ridge south of Johnsoti tunnol in Mine Cmek. 
Aucelh p. related to A. crsaaicollia Keywrling. 

No. 29. From 1,100 foothills about S miles northemt of Mine Harbor. 
Samo Aucella aa in 28. 

No. 33. Bandstone n w  Hot Springsl, Port Moll*. 
Aucella sp, related to A. craiseicollis Kmy~erling. 
Pecten sp., lasge, smooth form. 

No. 34. From s h a h  exposed one-half mile north o l  not Sprinp, Port Moiler. 
Inmeramus sp. 
P l e m y a  BP. 
Helemnitm sp. 
Dwmocerap? ap. 

All of the collections that contain f o m  related to Am,& mrs& 
mllh Kepcrlirg, except collection No. 13, are known to laave come 
from tho 13erendeen hestone. CoU&ion So. 17, with forms re- 
lated t o  Awe.& pioehii, came from the'Sta~ukovich shale. Col- 
lection KO. 13, w l c h  contains both the above t-, was secured 
from what WM believed to be the Herendeen limestone, but the 
fom~tion could not be absoluteIy identified hcaum much of the 
region was coveretl b_v a heavy mantle of snow. 

RTRATfRRdPHIC RELATIONS. 

ns has alreedy boon stated, the Herendeen limmtone and Stan- 
iukavich shnlo are sections of a conformable series. The baae of the 
Staniukovich has not aa yet been seen in contact with any other 
formation, g o  the atmctural relations at that horizon are not known. 
In Crow Point near the mouth of Lawrence Valley there ara good 
exposures of Upper Jurassic rocks, but this area is structurally 
separated from the north wall of Lamace ValleyI where the h w e r  
Cretaceous formations outcmp, by a fault. In Coal Valley the base 
of the Lower Cretaceous ie obscured by loose makerial and vsgetation. 
The paleontologic matorid coIIecteci from the sec-tion exposer! on 
the east side of Pinnacle Mountain includes an abundance of Upper 
Jurassic forms from tho lower 400 feet anrl some Upper Cretaceous 
materid at 900 feet above the sea. The intervening stmta from 400 
to 900 feet have been mapped as Upper Cretaceous, but the possi- 
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bitity remains that Lower Cretaceous formations are in part repre- 
sented in this stsetion. 

In the coal field east of lierentleen Bay the relation of the Lower 
Cretaceous formations to the coal measures, which have been judged 
to  be of late Cretmous age, appeam to be that of conformity. The 
n p  of the coal memres will bo considered lahr. 

VPPeR CBtTMnOPB EOCgs. 

CnrnNm FORMATION. 

CTkamder a d  distrih~tion.-Tho narno Chinik fomation is here 
used for the first time. The formation is WPII exposed nt severaI places 
along. the shores and nt paints near to C h i ~ i k  Bay and Chignik / Lagoon. The t y p e  section is exposccl in Whalom Ckeek, one-half 
mile from the shore of Chignik Lqoon. 

Upper Cretaceous rocks have been definitely rccopked in the 
Herendeen Ray and Chignik Bay regions ant1 in a small area, a short 
distance north of Dougllns village, new tho northeastern end of the 
peninsu1a ('PI: VZI, p. 40). 
The exposum north of Douglas village consist of a series of shales 

and smdstones whose thickness is cstinatetl at 2,OW feet. In the 
C-k Bay region the Chignik formation cons* of a series of sttnri- 
stones, shales, conglomerates, and some valuable coal warns. Tho 
aancistones range from fine, even-grained sectimcnts to grits. Many 
of the san&tones in this formation, as exposetl in K i m r  and Chignik 
He&, have a light green color when fresh, but weather to  black or 
t o  shades of brown in the cliffs. Ripple marks are not uncommon on 
the bedding pla-nes, and in some of the strata there am large con- , 

cmtions. The conglomerates are mnspicuous members in tho ~ories,  
for they are h l y  cemented and form cliffs or even, in somo places, 
o~erhanging 1ecl.g~. These conglomerdtes in C w k  Head contain 
pe'bMcs of granite, quartz, penstones, and flint as largo as 2 incl~os 
in rliameter. Near the entrance to 'lignik Lagoon thsre is a coarse 
conglomerate that for convenience the field wss spoken of as the 
cob1)le condomerate, The stones in this eongIomerate are corn- 
monlv Cor 4 inches in diameter, hut some of the bowlders fount! in it 
werc 2 fctt in tliarncter. T l ~ k  conglomerate is poorly bedtlecl ant1 in 
aame plttces has a volcanic matrix. The etones include nmitm, 
basalts, quartz, and shale. Them are lenses of amdstone and shale 
in the midst of the congl~meratic layer. 
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The section as exposed along She ~hore of Chignik Lagoon and out 
to Xigger Head LT given below. 

Section Of Crlrignik formoCion wm Nigger Head, Chgnik Bq. 
Faet. 

CongIomerate.. .................................................. 1 W 
B ~ k ~ a l e a  ................................-.................... !MI 
Conglommte .................................................... MI 
B k k  shah (yielded collection No. EX, invertehmtm) ................ IM) s 

Gobble congIomwate.. ........................................... 1% 
.......................... Shsles with interbedded coylomwate.. IN 

hda tonea  and ~haloa at Niager IIead (the mballm yieldd collection 
No. 49, plants) ................................................. 200 - 

780 

Msny other good exposures of the Upper Cretaceous rocb occur 
d o ~  the northweat srhores of Chignik Bay and Chignik Lagoon, snd 
in the mountain vdleys to the norbhwest. In Thompson Valley, 
along Whalen Creek, and along the banks of CElignilr River near the 
coal mine the formation is equally well shown. In the exposures 
northwest of C-k Bay and Chignik Lagoon the s e r i ~  is c o d  
bearing, anti the exposures in this portion of the field wiU therefore 
receive speeid attention later in the report. The distribution and 
probable extension of the C w i k  formation in thb  r e ~ o n  are shown 
on Plata VII (p. 40). 

The Uppcr Cretaceous rocks are exposed at sevcral places in Lhe 
Herendeen Bay district. (See F1. VIII, p. 42.) There is one smalI 
area in the central part of the peninsula, midway between Balboa 
and Herendean Bays and on the north ~ i d e  of a large lwolithic 
intrusion. The larger exposurea rrre in the vicinity of Herendeen 
Bay, where the upturned Chignik strata appear on the ff anks of 
antichal and syncliaal folds. West of the west arm of Herendeen 
Bay the Upper Cxetaceous sediments are near the base of the moun- 
tains. The baa4 portion of Pinnacle Mountain is composed in part 
of the Chignik formation, as is also a porhion of the south wall of 
Lawrence Valley. Coal has been reported along the tributaries of 
Lamnee Valley from the south, md it i s  quite pwsibla that pro- 
ductive sesesms m y  be located there. In the coal field ew now defined 
the Chigdk formation outcrops in a westward plunging syncline emt 
of Cod Harbor, at Coal Bluff on the esst shore of Herendoen Bay, 
and over a large m a  east of the head of Coal Vdey. The formation 
consiata of a series of sanrlatonm, shales, conglomerates, and coal. 
'Ebe smtion exposed in Mine Creek and about 1% miles east of Coal 
Harbor includes: 
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Detded memurements of the c o ~ l  measures are fiven on pnge 98, 
The conglomorHto overlying the coal measures, wllicll has a thirkncss 
of itbout 300 feet, is well exposecl in the cliff north of Coal Bluff, on 
the east ~ l ~ o r e  of IIerendeen Ray, and irt the canyon portion of the 
valley of Mine Creek, This conglmerate contains pebbles of quartz, 
chert, p n s t o n e ,  mind sanhtone, generally between 1 and 2 hcllea 
in diameter, but not uncommonly patling up to 4 inches in cliameter. 
Fauna andflora.-Upper Cretaceous fossil materid has been securod 

from severd Iwdities in the Chignik Ray region. Shells have lmn  
' obtained Erom W g k  Ileplati just east of Anchorage Bay (collection 

%. 451, from points along the north shore of Chignik Bay northeast 
of the entrance to Chignik Lagoon (collection No. 521, from exposures 

j on the northwest shore of Chignik Lagoon (collection No. 581, and 
, from the southeast shore near tho entranco of the lagoaa (collection 

Y No. 53). Similar invertebrate collections have been securetl from 
t l ~ e  coal rnpasurfiq exposed in  Whnlem E'rrek, northwest from the 

- , upper end of Chignik X~ngo(m ~collactjon So, 51). Stanton's report 
on time eoUections is as follows: 

C o l h W  of fauna of the Chiqnik formlion b the C-ik Bay ~cgion. .. -.< ' ?r 
No. 46. Chieik Head, emt of e n h c e  into Anchorage Bay. 

Inmeramus p. related to I. vanmuverrnsia Fhumard. 
l l ~ r i ~ a n ,  Upper Crci~ceous or older. Similar forms of Inocemmus m n ~  

down Lo the Jummic. 
No. EL, Whalere Creek, 2 miles above mouth of atresm, C hignik T,qmn: 

hnomia q. 
lnoceramun digitatus Sowerby. - 
Axin- veatthi Gahb. 
Meretrix nifida Cabb. 

- Meretrix up. 
Tellina nnn~imnensi~ \Vhiteavoa. 
Trllina sp. 
Periwlax bwvimatria Gsbb? 

Horizon, Upper Cretaceou~. The fauna is the Cbim fauna of the Pacific 

- 4 

cause' mpeeially aa developed in the Nanaima formation nJ l'anr~llver 
- .  Island. 
No. 52. North uide of Chignik nay, I mile north by eaet from besd or sand pit: 

hnomia up. 
Jnmeramua digitittun Rnn~rby. 
Axinma veatchi Gahh, 
Cliuocolrul ep. 
Meretrix nitida Gabb. 
Tellins mnaimwmeia U'biteavw. 
Mactra sp. 
Solsrium mp. 
Perisaolar brevirmFria Qa bb. 
FuEua? sp. 
\'oIutdemm p. 
Pschydiscus? 8p .  represented by n single immature ammonite. 

Horimn, Upper Cretaceoue, same hodson aa on Whalers Creek. 



No. 53. Northeast of Alaska Packereqmi-iation cannery and 2M) ym% southwest of 
native village: 

Rhynchonella sp. 
Inocemmus ap. Fmylmentn. 
Nucula q. 
I d a  ~ p .  

Trignnia 8p. 
Hnmites? gp. h q n c n b .  

Horizon, certainly Xfmznic and prwrumdly Upper btaceous. The 
I d l s  indicate a d i  tTerm t horizon, or at 1-t a different faciea, from the 
one mprcssented at nrizhborin~ Itmlitirs fmm whirh Cretaceaue collec- 
tions were obtained. 

No. 58. Chignik bgmn,  about oppooite Almh l?wkersVmiation annery: 
Anomia RP. 
Tnocerami~n digitatus dowerbp. 
h i a m  veatcnhi h h b .  
Meretrix nitirln Gabb. 
Pathydhcu~? 11. ~ p .  

Horirun, U p p t  t'retmum, Ramp horizon aeon mhalem h k .  

From t,lie same ~rtries of beds wIlirll ,~~lrl.trd the Upper Cmtlrceoua 
invertebrntcs three collections of plnnt form we,w pmcurerl. Hnowl- 
ton's report nn thesn collections i~ ~a follows: 

Callalirmr of plant fm of LhB C h b i k  Jontwrlim in & C A k 3  Bay sagian. - 
KO. 46. Roulh nide of Chignik Wmn, near e n G c e :  

Taxodium? sp. 
Sequoia rigidu Heer? ' 

Pterophyllum lcpidum? Heor. 
Adiantum formmum 1Iecr. 
Vernu, two U L I C C ~ R .  

1)icotyldona. 
This I preeurne to be Upper Cretaceoue. 

No. M, Chignik River juat below hug  Bey: 
Trap? microphylls I a q .  

Thin collection contnina a lave number of ~pecimene of t h i ~  sprcim. This 
in very interecrtina, and so far aR I now recall is the fimt time it  ha^ been 
Inuntl beyond the centrd Canadian provinces. This form of Trnp w a ~  
nt fimt ~ l i p p o e ~ l  ta be ckterirrtic of the Montana (Upper Crehceous), 
Ijtrt i t  haa now bern found to have ae wide a vertical range that it can not 
hc employ4 in clwe fixation of age, though T should incline to think it 
l~robahly Cretaccone. 

No. 55. t'himik River just below Long Bay, 30feet above rotlwtion No. 51. 
Pterophyllum lepidi~rm? Reer. 
<'onifere, fern, and dicotyledons. 

Appalrntly m e  age FYA coUection No. 54. 

I-IolHck cletermined collectitions 49 and 55 as Upper Cretaceous or 
lower Tertiary, but did not  reach a conclusion rsprding the age of 
colhctian 54. 

During the year 1904 Stanton collected some fo&l materid along 
tho border of Chignik Lagoon, from about tho same locality where 
collection No. 49 wm made. These plants were identified by Knowl- 
ton and include the followhg Upper Cretaceous spocies: 
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Osmuada mtim. b i t e s  ep. 
Sequoia reicbenhcbi. htyri-rica PP. 
Sequoia rigida. Quercus johrwtmpi. 
Taxodium ~p. Quercus n. bp. 
Torreya bre16folia. Xiriphug sp. 
Anomozamites a d t i .  

Regarding the other rnahrial pmmrrml in tl& vicinity StnnZon 
writes a~ follows : 

Tbe ehalw a b v e  the conglomeratex yielded ~ D C E M ~ L W  h p e a h ,  Peelen., N~tcl~la 
(6cila) cf. ~~, Cmb~Eor, Thwcin, Dentnliunt, Cinulio, atid mme ~tnrFotermind 
ammonoid w e n t # .  

At the locality on FThalem Creek Mr. R. I)-. Stone obtained an Tnommnua, rcla!sd 
to I. &ij.hlm, a ci,Sgm-~k of the type of T. h n n ,  and d nomirl. 

Thae foasila indirate melat ion  a-ith a horizon in Ihe I'hiro as developed in Cali- 
fornia and in the Nanaimo of Jrancouver I~ land ,  which includo practically all of the 
Upper Cretaceous, but the beds at Chignik are pmbabably not older than bsnal Senoninn. 

The identification of the Upper Cretaceons in t l~e  I-Xerendoon Bay 
region rests in part upon inx-artebrate forms and in part upon plant 
remains. Invertehr%te forms llal~c! been secured Smm the smnll 
area north of the laccolitkic mountain midway between Rnlhoa and 
Herendeen bays, from the south side of Pinnacle Mountain 900 feet 
above tide, from the base of the mountain8 west of the west arm of 
Herendeen Bay, 4 from the coal meastrres in the vnlley east of 
Coal Harl~or. In t.hese co3lectiom Stanton has recognized the 
following forms : 

P ~ h y d b c ~  multiaulcatw RXiteave~. 
Inoceraslu~ ap. of type of I. rripi bfnte l l .  
Inoceramua digitatw Suwerb y. 

Paige spent s few day$ in the IIerendeen Bay cod field in 190.5 a 
and collected invertebrate material from the coal measures, on rvldch 
Dr. S tantan made the following report : a 

The lotu that are the most- intcrestin~, b m n w  they are entirely new to the region, 
are thwe from the Upper Cretaceous. Tbme me from the following localitiw: (I) 
Big exposure on Ieft'fork of C d  Cmk,  just above coal; (2) 200 yard. above left fork 
of COd Creek; (3) jmt above Johmm tunnel. 

The last-mentioned lot contains only h p e n h  of Inommw and the age i* m e -  
what quwtiomble, but the other two lutv contain abundant and wcll-pmrvcd 
exmplw of Inomramus diqi$&s Frlwrrby, whirh i.4 a ~ u l i a r  type knnwn only fmm 
thc Upper C'retaraceouu. The yame specie has b t t  found a m i a t e d  aith cmI at 
Chignik, and it alvo occm in Ihr urd-bcaring ('rctar-eous m b  OF Tancouwr Tuland. 

Pompecaj, who rwtudied the uld culImtion uf W c w n ~ m k i  from near Kntmni, 
repor$ a specimen of Behi!e l7q  labeled sra coming hum that plare, and on thnt 
amount infers the p m c e  of G'pprr Cmtaceoua them, btrb this l a c h  mnfirma#.ian. 
The expurea north of Douglaq T i l l m  haw yielded a TPW Irqmentary ~pecimens 
of a 1- I n m w  and a Dtlrmocms (?);I 

- 
Stantrm T. W., lrnd Hartfa, C, C., the If-b setlion on Cmk Inlet and .ilasRa l'miraul~: Boll. . Geol. &.America ~01.1% lW.%p. W * F d p  Sidney h e  IIerenden B-I - -1 fidd: Ball. c. S. Rml. Surrey To. 2RI, IgW, p. mt. 
1n ths-the n n m e " ~ o a l & i "  wasused iusteadolMiueCrefk, wgim onthemnps-rnpy 

'9 thh report. 
Stanton, 2'. WW, grid Martln, G.  C., The 3i- stc&n on k k  falet  and i l l m b  Penhala: Bdl. 

-1. h. ADlaicgwL16,19ai,p109. 
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These specimens probably indicate the premnce of Upper Creta- 
ceous be&. 

The plant collections horn the coal measures near Herendeen Bay 
have not been entirely satisfactory, for it has not been posaiblo, from 
the material secured, to determino many of the species. The marked 
presence of cer teh  types of cycads indicates a Cretaceous age for the 
coal measures, but does not fix satisfnctody their place in the Crota- 
ceous. From a study af the plant collections Dr. Knowlton has 
made the following report: 

C o E k W  ofplontJmn8fmm fomdora of the FfwlfmrAasn Boy d mmmw,  

No, 30. CmI d e s ,  Mine h k ,  Rerenden Bay: 
Sequoia lanpdorfii? (Erew.) Hew. cf. Phwolitea formus Lequemux. 
Fragment8 of dicotyldom. 

,kge uncertain, B inrlicatd by the plank 
No. 35. Two mil= up cauyon wed from tbe head of lrlvd Bay, an arm of Port Moller: 

AnomozamiteR v. 
Pt~rophyllum q. 
XilmnEa op. 
Huu-nis ep. 
G i n k p  mp. 
Quercu~? sp. 
Jtetuln? sp. 
Taxodium or Bequoia sp. 

I do not know exactly where to tbia lot, an I have not been able to 
positively determine any qrcies, but h m  the m k e d  pmmnce of cycads of 
theae tppea I regard it tontutivel y as Cretaceous. 

Paigel procured an abundance of plant fmsila from the coal moan- 
ures exposed in the veD~y east of Coal 1-$arbor, and an extmt of 
Knowlton's report on this material is given below: . 
Coel W k , 2  right branch, below first i ide dream: 

Anomozarnites cf. A. mbmidtii H e r .  
Cone, probably of Sequoia. 
Fragmenm of dicotyledons 

Right bank nf Coal Creek, first tunnel: 
Sequoia ep.? 
Ptemphyllw ti. P. concinnurn Her?  

The we of thwm W s  as indicated by the meagm'plraat remains ia Petaceow, and 
probabIy similar to the be& on Chignik Pay, from which Dr. Stanton obtained a 
CretareouR flrlra. 

One-half mile above left branch of Coal Creek, 200 feet above fork ri~h:ht bmnch Coal 
Creek, b i ~  ex- I& fork Cml Creck, the plant reuiw, arridt: hum a fragment of 
a dicotyldon, conaiet entirely of delicate md- brrmcchlets. This mpeciea w m  at 
h t  mppoEled to be Taxodium dielidurn mhemu?rz,but more m f u l  study a p p m  to 
indicate that it is an unde~cribd ~peciear of Sapuoio. The ~ q e  or t h a  b e  in uncer- 
tain, but is pmbably Bimilar to that of the other lob. None d the pment lots conbin 
any of the rtpecie-a found in the matorid collected at Herendm Ray by Townwnd. 

After examining the floral materid eollect4d in the Herendeen 
Bay region hy Faip in 1905 &rid by the writer in 1908, Rollick can- 

1 P&p, Sidney, T h  E d e m  Bag. & fleld: Bull. If. a. M. E m  Nh =, 1% p IOb 
I x c C m l  Cr~ek'" b Mine t o k  (m PL n). 



clurlas that there is in this region a fioral horizon which i s  either 
Eocene or Upper Cretaceous and which "may be correlated with 
R o d  complex of the lower Yukon Valley." 

S h t i q a p h i c  r~hEiam.-Not* is known of the relations of theae 
sediments to other rocks in the northeastern part of the peninsula, 
but mmo d ~ t a  from the Chignik and Herendeen Bay regions is now 
availa1)lo. In the Chipik Bay region the Upper Cretaceous rocks 
(Chiignik formation) rest unconfarmeb'l y upon the Upper Jurassic 
(Naknek formation). The unconfomity is wall ~hown on the north- 
west side of Chiiik Bay, a short distance emt of the sand spit st the 
entrance to Chipik J,woon, rtnd on the northwe~t coast of the lagoon. 
The m1altions hrtva not been fully determined in the area west of Mmk 
Bay, where Upper Jurnssic and Upper Cretaceous rocks are known 
to be exposed, hut s great structural unconfomity probably exists at 
thst locality. The Eocene sediments (Kenai formation) rest ~bove  
the Chii ik formation. Tho relationship at this upper contact of 
the Chqnik formation is thnt of conformity. There appears to  have 
been a long period of setlim~nt~ltion in this region, extending through 
late Cretweous time and nonrly to the dose  OF Eocene time, and the 
nature of the sediments indicate somewhat similar conditions through- 
out this entire period of deposition. The Chippik formation includes \. 

several seams of workable con1 interbedded with sandstones, shalps, 
.find conglomerates, trnrl in the Renai formation lignito beds ant1 csr- 
bonaccous S I I ~ B  are B S S O C ~ ~ ~ B C I  with ~ ~ n d s t o n ~ ,  shales, and con- 
g l ~ m ~ ! r & t ~ ~ .  

Vaist quantities of volcanic tuffs rrnd ha& lava flow8 overlie the 
CSgnik formetion in the Hook Bay region north of Chgmk Bey 
proper, and at two points in this locality arc! intrusions of igneous 
m k a .  A large mass of andpsitic lava appears to cut wross the sedi- 
mentary rocks wit11 a f ~ ~ ~ l t ,  contact at the southwest terminus of the 
C h i i i k  formation in this region. 

In  the Herendeon Bay region the Upper Cret aceoue (Chignik form* 
tion) appeare to rest at some places upon the Upper Juxwic and at 
other places upon the Lower Cretaceous. The former relationship 
rnllst be that of unconf~mity, hut the latter may be that of conform- 
ity. The dattt on this problem are not sathfacto~. In Pinnwle 
Mount.ain (fig. 31, whpre tho section ha9 been examined with some 
care, Upper Jurassic and Upper Cretaceous horizons have been defi- 
nitely determined, but there trre several hundred fwt of sediments in 
tha midst of the mction which may p s i b l y  represant la portion of 
the Lower Cretaceous from which no fossils were secured. In the 
coal ficlcl the relationship between the Upper and Lower Crstsceoua 
diments  appears to be that of conf~mit~y, but the fossil material. 
obtained in this part of the field indicates a fauna1 break which may 
mean an unconfomabls relrstiomhip. 
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The Konai formation (Eocene) resta conformably upon the Upper 
Cretaceous in the Herendeen Bay region. This relatiomhip is shown 
on tha north side of Pyramid Mountain in the central portion of the 
range, and on the ridge south of Pinnacle Mountain. The condi- 
tions of sedimenfrttion in this region appear to have been about the 
same as those that obtained in the Chigpik Ray region during late 
Mesozoio and earlg Tertiarg times. In Pkrm1e Mountain the Chip 
nik formation, along with other sediments, is capped by Recent vol- 
canic tuffs and lava flows (fig. 3). At the eastern margin of the'coal 
field the sedimentary series is covmed by great lava Bows and by 
vast qtrantitim of volcanic tuffs. The exposure of the Upper Cm- 
taceous in the central portion of the penhula midway between 

Rdboa and TIorondoon bays is bounded by a fault contact on the 
norhhwcst, but elsewhere by the conformable series of Konai sedi- 
ments. 

TERTIARY BYBTTM. 

Tbis group of volcanic rocks was soan at tho eastom margin of the 
fieId at the head of Port Moller, and althougl~ detailed study could 
not be made owing to lack of time, .it apportred that these mcks corm 
spondod to tho "lower beds" of Palacha's Sbpovak scrim, examined 
by him on the south side of the peninaul~ near the head of Cliichagof 
Cove. If this interpretation is correct, they are of early Eocene aga 
and older than the ather p u p s  composad chiefly of pyroclastic rocks 
to be described later. At the head of Port Moller the volcanic rocks 
appear to be chiefly b ~ a l t i c  flows. Pdache had a favorable oppor- 
tunity to study those rocks as they axe exposed near the base of 
Chichagof Peak, and the following dascription is from hh repart:" 
The lower be& comprise coam brecciaa or ag~1ornemt.a and fine MI composed 

wholly of igneous material. They #how only a rude atratification, hut trs far as it can 
be made out it is accordant with that of the overlying, distinctly bedded wdiments. 
Tho comer agglomemtee contain angular fragments, a foot or Iem in diameter, of white 
or greenish porphyry and, rarely, d t e .  T h w  are cemented. ~ornetima by c o w  
minuted material of the Rame natum, mmetimm by a dark gree~i~h black compact 

1 Palsohe, Chwles, HarrIman Ataska E%pedltton, wl. 4,1% pp. 74411. 
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material which is found, i~ndcr the m i m o p e ,  to conkt  ~mmfklly of interwoven 
hornblende needlea. The fin-mined titfh have a moat varied appemsnce. One 
m i m e n  i n  a m m  of mall anqlar i rapent~  of yellmirrh porphm, the intempwee, 
largely unfilled, g l v i n ~  the rock a rell1.1ar appearance. Again the tvff is compact, 
wi tham~l tm~cn lnwe l lccm~ntc~d .  J n p l a r e s t h e ~ c k i n t l t a i n e d b ~ b t ~ n b y  1 
dhminntcd  iron nilirahe (celadonitcl). The impremion of tbem r o d s  BS bm-ght 
£tom the field was thnt ihcy were made up of material of widely varying cbamcter. 
Iiut microwpic dudy d c e ~  not c o n h  thin impmion .  On the contrary, they show 
in all their pham, and whether the fregment~ of which they are compmd be large 
orarnalI, mntriderable uniformity in p t w p h i c  character. Most of the sectiam &ow 
porphyritic m+ks with a glmy mt:r~tl~naw ur with one R-J indistinctly cry~talline aEl 
to w e t  a devitrified g l m  . Q c c ~ i o s r ~ ~ l y  the gro~.ndmam i s  a fine pnopbyric inter- 
growth of quartz ant1 orthtrlme. The nnrnerot:s phenocryata c m i s t  of wid plagio- 
c lw ,  1w ah1,ndant orthoclaec, and deeply embayed qcartz cryetala. The feldspm 
are very fmh and free from inclrtsiona. Magnetite in minute gwine seems to be the 
only other constituent of the rock. The rock frapentR aeen in the aectione range in - 
character from rhyolits to dacite porphyry, with an o c d o n a l  one of granite. 

Tbe cement which bind@ the fragmenh tqgether ia in mme-mm clearly eecondaty 
mlirs, h t t t  mme wnerall y appears to be  lam, in which are carried minute feldspas 
Irapnent~ and rryntaIa nf ql.arts, portions of sphen~lite~, and orcmionally eharp 
c ~ y ~ t a l a  of ziwm and npti te .  In one specimen, as mentioned above, the cement ia a 
mam of felterl hornblende cry~tals. 

The pyroclastic character of them rocb L c d n ;  in m e  there iil slight evidence 
of water mrting; othem may fairly be called flow brsccise. To my surprise, gome of 
tbemwerefoundtocontainf~ilfibells,forthem~tpartofapec~-liketom. Thew 
f a d s  are ton p"1y pr~~wvrr l  and few to furninh any W of age cornparim with 
thmefound in t h s h i ~ l i e r b e d ~ .  Rt t t tbeye~~blkh~efac t ths tmmeof  thetuffsat 
1knt  lare wat~rlaid depneita, however little the m b  themselvee might that 
col~cluaion. 

P d d e ' ~  Stepbvak series, as defined by him, included them "lower 
beds" of ppc les t i c  rocks and a great t.hihickness of overlying strata 
from which he obtained an abundanc~ of marine invertebmte fos~ils 
of b n e  age. During the season of 1908 fossils of Eocene marine 
invertebrates ware seriired in close association with the typical Kenai 
flom, rind the formation fmm which these animal and plmt forms 
WRW aocured WRR traced to the locality from which Palac.he s e o u d  
 hi^ collections of foasil shells. T h e  pymclstic rorks probably indf- 
cate local ~olcanio outbursts early in Rocena time. 

K X N M  FORHATION. 

&m&r and d&dzlticwz.-The Kenai formt~tion has been recog- 
nized at various placas on the peninsula and in thn northwest portion 
of Unga bland. Cape Douglas, the northemtern extremity of the 
peninnula, is  compmed in pnrt of Tertiary rocks, presumably of 
Kenai we. The Renai formation lias been definitely recognized a 
few miles northeast of Katmai and at many plmes in the Chignik Bay 
and Herendeen Bay regions, and has been traced omr largo arcas. 
The formation is known to outcrop on the east shore of Pavlof Bay. 

90054°-RuIl. 4 G T - 1 1 4  



The Tertisrg sedim~nta in tho northeast part of the peninsula 
have been described aa mindatones, shales, md conglomerates,  wit!^ 
some lignite b~rls. They are r x p m l  npnr the base of t h ~  mountains 

,-:.. - - ,: 
.;. . ... :. .:. . --.: .( 1 - , 1 + ,  

. ' l . r n * . .  

Bcuch send. %ndstone.~hafe, Dikes Anacetta G r a ~ r t e  
dunts,anO gravels and congTamerate and dror i te  

h m c  w m l a ~ l c  sfetch map d h p a  hturlfa ond rlotdty, hy R. U' 8tonn. 

wcst of Capc Dbugla.4 and at mveral point3 along the shore of that 
c a p  (rq. 4).  A mfus of granitic rock intrucles west of the Tertier 
sediments a t  the northeastern extremity of the p e h u l n ,  and srrt 
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cessivs flows of andesitic lava overlie the Redimennts in Cape Douglas. 
Between X1e11o Ray and Amalik there are several small areas of 
Tertiarp rocks presumablp of Eocene age (PI. VX). At Kukak Bay, 
ona of the small reentranb along tl~ig portion of tho coast, an exccll~nt 
mllcctinn of Kmai pIants was obtained by a member of the Ha~~irnan 
expptlition. The report on this collection will he reforred tb Eatc:r. 

'Tile Kenai formation is expwed in the Chignik Btby region on the 
south side of tha bay and southw~st as far as Crmtle Cnpc, and on 
the southeastern shores of Chignik Lagoon and Chignik River. (Sea 
PI, VII, p. 40.) There t l ~ e  formation consists of sanrlstones, shdm, 
and conglomerat~s, with some thin beds of lignite. The tliickncsil of 
f l i ~  formetion in the Chignilc Bay region is st least 1,000 feet. Kenr 
the top of tlw lCenai section as exposed along the *horn of Chignik 
Lagoon and. in the blufl of Cllignik River are intrusive sheets, Eaycm 
of volcanic tuff, ant1 cxtrusivr? flows. These igneous mh become 
more und moro nbundrtnt in ~IIP.W localities until the sedimentary 
record closes ant1 n fierips of rolcnnic mcks succeeds. 
Tho Kenai soclimenb in tho Balboa-IJ~r~ndeen Ray region reat11 a 

thicknw of at least 5.000 fcet and iorm the main mass oP the Aleutian 
Range. The fomati0.a comists of sandstones, shales, conglomcratea, 
and beda of Eignita. The sandstones and conglomerates predornintite 
in the 1owt:r half of t.he scrtion ~ n d  black shnlcs in tho upper pwt. / 

The lower hdf  was commonly spokcn of in tlic 8cld as the alternating 
scrim, for its most conspic~~ous f en t~~rc  WM a wries of p e a t  conglom- 
emhbedsraqinglrom3fl.to5Ofectintliickncss. Tt~islowcrportion 
is well exposed west of thc trail in tho c c n t r ~ l  poi.tion of t l ~ e  range 
from Balboa to ITerendmn bays. TILQ black stide~ are shown to the 0 

eaat of the same tmiI and nortl~ of the west zlrm of Balboa Bay, as 
weII as near the h e 4  of Grnss Valley, in tho c~nt~ral portion of 
thr m ~ q o ,  and in Chichagof Pank, at Ole oaatern margin of tllc area 
slio~vn on Plate mI (p. 42). Yart of this scction was ~xminetI by 
Palache,' who umd the same Stepovak s~rics in describing Ello sedi- 
rnenta -posed in and near Chichagof Peak. 

Where Pdache examined these rocks, they wcro divbiblo into two 
pnrts, which he called "upper beds" and "lower berh.'"e "lower 
bcda" camprise cortrse bficciw, or amlomerates, and fine tuffs com- 
pmed wholly of igneous material. These betls show a rudo stratifi- 
cation that sppears to be sccortlant wit11 that of the overlying 
distinctly bedded sediments, These pj~oclsstic rocks have been 
tlsnrrihcrl. 

The "tipp~r beds'\co~qist of soft shales, smdstonm, and grits, 
which nro the ewtwarcl continrratiom of the gtrata exposed hetw~en 
Balboa, and IIcrendmn bay#. The writer ppent but little time 
during the wason of 1908 in this eastern margin of the field, but, 
---- -.--- - -  - - -  . 

I m - - - ~ m r . C p p . @ M ,  
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observed phenomena seemed to accord with the determinations of 
Palache, and the mapping in this portion of the field is based in part 
upon his subdivision of the rocks. The lower or pyrodastic beds are 
not known to be exposed elsewhere on the peninsula. Volcanic 
rocks of that nature, so far B& they have been studied on the penhula, ' 
are found to be of later age than the Kenai formation. It is quite 
possible, however, that in the vicinity of Chichagof Peak there were 
volcanic eruptions in early Eocene time, and that these tuffs and 
breocias, which have some basaltic flows associated with them, are 
equivalent in age with cIastic sediments elsewhere. 

Along the coast west from Balboa Bay the Aleutian Range, con- 
stituting the core of the peninsula, appem to be composed of the 
same great series of Kenai sediments expased in the BalboeHersndeen 
Bay region. An examination of the exposures on the ewt shore 
of Pavlof Ba7 was made, and from those exposures collections of 
plants and invertebrates were secured. The invertebrates have 
been judged to be of late Eocene-age and the plants of Kenai (Eocene) 
age. The series exposed on the east shore of Pavlof Bay includes 
#andstones, shah, conglomemtess, and some thin beds of b t e .  In 
physical. and Jithogical characters these rocb are d m  to  t h w  
elsewhere ident&ed ais of Eocene w. 
, The Kenai formation of Unga bland is limited to the northern and 
northwestern portion of that island. % locality was visited by 
Dall in 1685 and at varioua times since then. Dall has secured 
collections of fossil plants from the exposures on the wegt shore of 
Coal Harbor, and- these plants, as determined by Knowlton, belong 
to the Kenai horizon. The Kenai formation in the island coasista 
of sandstones, dales, conglomerates, and several se&nls of l a t e .  
The rocks ara well exposed on the shores of Coal Harbor, at points 
along the northwest coast of the island, ant1 thence south dong the 
western shore fully halfway to the southern end of the island. The 
Unpa conglomerate, which is of Miocene age, overlies these mcks 
conformably on the west &ore of Coal Harbor. In tbe Iowland area 
the Kenai formation is in part mmtled by glacial deposib, mong 
which are numerous small lakes or ponds. 
Fauna and *.-The forms determined by Knowlton in the 

collection of plant material m d e  at Kukak Bay by De A. Saundew 
are listed below, together with Eowlton's comments.l 

Phtfornaa of bhs K -  fo?m&m 
I. Equisetacaae: 

I. Equisetum g l o b d m  Leeq. 
11. Pinacsas: 

2. Pim h d n i  sp. nov. 
3. Picea, branchm. 
4. Pi-?, seed. 

IKaowltoa, F. E., Hambnan f l a s h  Expdi th ,  vol. 4, pp. lBSl56). 



a. -ntinued. 
3. Pinm?, Emw. 
6. Pinus?, mtletr of cone. 
7. Sequoia heerii Laq. 
8. Sequoia, cone. 
9. Taxadium diatichum miwanurn H e r ;  

10. Taxodium tinajorum 31mr. 
111. Jughdacese: 

11. JugIana acumEnata Al. Br. 
12. Hicoria msgnXca ~ p .  nov. 

IV. Betdam=: 
13. Re*, branch, 
14. Corylua macquami ( F o r k )  Fleer. 
15. Corylue harrimsni ap. nov. 
16. Corylue? palwhei q, nov. 
17. .Alnus corylifolia k q .  
18. Alnus ep. 

v. TJhweze: 
19. Ulmus braunii Heer. 

VI. Acerace*: . 
20. Acer tilobaturn var. 

YII. H i p k l o m ~ :  
21. Awulua arcti- ap. nov. 

VIII. Bterculiacaae: 
22. Pkmpmitea @nlh up. nov. 
23. Ptemapermitee alaskana ~ p .  nov. 

IX. Ericacese: 
24. Andromeda grayam Beer. 
25. Vminium ahkanum BP . nov. 

X. In- sedee: 
26. PhylEites m u n d d  q. nav. 

From thh it apperue that 9 famil iea and 26 farms am repwermted . Of *ase itrmifim 
the rich&, bo&& form and individuals, is the Pinaw, to ahirh 9 forms ara relerrcd. 
The most abundant conifer is T d i u m  &tichum mihemurn, which is repmwnted 
by 40 or more piecm of matrix on which them iR nothing elm pmrvcd, while hanll y 
a piece in the collectinn i~ witbout fragments of greater or 1- size. The ~ p ~ c i r a  
mud have been an important element in thia flora, aa it undoubtdly w a ~  in other 
nrdic flm. 

Of the 26 forma w t e d  in the ~Hection, 9 &described an now to wipnce, 7 
we not named ~pecifidly, being bmnchlete, Reeds, ecalen, broken m e n ,  etr., thus 
leaving 10 Rpeeies previously known. Thew are as followa: 
Eqwktum ~lobulaaurn I-. Corylua macquarrii (Forbes) Ilwr. 
Sequoia heerii Leq. h u e  corylifolia hq. 
Taxodium distichurn nliocenum Heer. U m w  braueii Beer. 
Taxorlium timajorurn H e r .  Acer trilobatum var. 
Juglan~ a c b t a  Al. Br. Andromeda pyana Rec. 

E p k h r m  g I o W m  was d d b e d  originalIy fmm Cook Inkt, Alaska, and was 
also detmtd by muereux in Fort Union bed3 near the mouth of the Yellowatone 
River. 8- %i mm fir& found st Sage L W k  (P), Hont., in beds of doubtful 
Green River age. It hsP &CB been found in the upper Clarno formation (upper 
Eocene) at Bridge Creek, Qreg., and is now for the 6mt time reported fmm Alaska, 
T d i u t n  &&burn miowratam enjoy a very wide distribution but ie especial1 y 
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abundant in arctic Janda. Every coIl~ction from AlrPka contains avmerous examples 
of t b  epeciea. The clod y allied T. tinajonlm w m  d&bd oriRidl y from Pvrt 
Gdmm, Ahka. duglans aeumimfa w m  iounrl by Ileer aC Port G m h m  sh, though 
first d d b d  h m  the E u r o p n  Bfiacent?, CmgIus mmpm+i hw q u Ete n wide d is. 
tribution, but i s  eepecially abundanl i n  hlaRka. It  hlfs nIm Zlmn repnrtd born the 
Fort Union M u  of 3ionhm and HritEeh Columbia, and douhtf ull y frnm the Laramie. 
Ainus mrylwolla hsa been re-1 frnm P ~ o k  InIct. Ulmua braunii, dewrib4 from 
the S w k  Mimne originally, hag bosn reported from Ramloopa, Brithh hlumbia, 
in 8trata of pmbsbZg Eoceno BF, and from the Green River be i s  at Flnrimnt, (:ole. 
A m  bilobatum, as ahendy pointod out, is tau poor1 y yrc~erved trJ admit of full identi- 
fication. A form of thid veciw has been fuund at Umentlrmn Day, but it ia not pcmible 
to say thst they are identical, A n d h a  grayana wah originull y mado known fmm 
Poort Graham, dlaaka, but hlrrr aince been rather doubtfully idsnlified from one or two 
other localities. 

From this h t y  review it appem that 4 of the 10 specim have never bbncn found 
outaide of Alaekn, while the remainder are abundently charactarbtic of the m a  w o n .  
It is auEi6ent to sGate that tho named species above enurnemted. are typirsl nf the BO- 

called "Arctic Miocene,'' which ia now rogrrrdotl aa of the ago of tho upper Encene. 
The ~pecies described in thk paper ae new ars in VarIouw m y a  allid to  form^ c h m c -  
terizingthkhmimn, and I. du n u t  hesitrtta to refer thk ct~llccrion to tho upper Eocene. 

No inveriebrates were procured fram the l<enrti formation in the 
Chipik Bay region, but several coUections of fowil plants were 
obtained. The Iocalitiea from which' tbeae collectiane were obtained, 
togetllcr with &owlton'B  comment^ on them, aro given below: 

No. 46. One-haN mile ~outh of Northwestern Fbhcry CO.'R ca~~nmy ,  Anrhome Bay. 
' Sequoia la@o&i (Bronm.) IIoer. 

Sequoia mutt&? Heer. 
Tmodium tinajomm Dm. 
Pupulus richardsoni Heer. 

Age, Renai. 
No. 47, Anchorege Eay, oppmite Norhhw&rn Finhery &.'a cannery: 

Populna r i c w w n i  Hoer. 
Taxodium tinajorum nem. 
Coylua macquami? (Forbes) Heer. 

Age, Kcmi. 
No. 48. Anchomge Bay, M t e  North- F i e r y  Co.'a cannwy, one-hall mile 

north of 47: 
Taxdium timajorurn Hwr. 
Sequoia langdorfii (Brongn.) Hew. 

A@, &qmrent~~ same aa Nos. 46 a d  47. 
No. 57. Chignik River, o p p i t e  Nun Point: 

Sequoia langdorfii (nmnp.) Heer. 
Populm arctira H m .  
PopuIua sp. 
Corylus up.? 
Aedera, macclurii Hem 
Zrlagnolie d. ingle6eldi Heer. 
Dioepyma ap.7 

This, I think, b higher tban Nos. M and 55 and, if the - c i a  bum h e n  
correctly dete&ined,- l in the Ksnai. 

Hollick examined these collections and decided that they wera of 
Emne age. 



Dn11 visited this region in 1871 nnrl collmted Kenai plants from 
the ehoro of Dwis Cove, which iq just west of Anellorage Ray. 

Kenai fossils have been obtnined in abundance from the BaIboe 
Hemntleen Hrry region, where tho n~qociation of the invertebrate and 
plant mntori~l hns led to a most ~atiSfmtOry determination of the 
Kenai formation. Palache, in 1899, collected a large number of 
invertebrate fowila fmm the section exposed along the ~hores of 
Chichagof Covo. Them were determined and described by Ualll, 
from whoae report the foI1offing extract is taken: 

Dr. Pahbe'a patty ramp1 on the eastern side ni Chichagof Cove, near the nutlet 
of the lagoon, and the Irmlitim whem fmil~ were obtained wem noted by him aa 
fnllowa, the number p d i n g  each note being that aersigned the l d i t y  in our 
record bmk: * 
33'13. Be+ nmr the camp on the eastern aide of Ghichagnf Cove, belonging ta what 

Dr. Palache hm d e e n a h d  on hia &etch chart s~ tho "upper ~ s "  of the 
Stepovak miea 

6374. F r ~ m  the we& hadland of Chichagof Cove, bed# ~imilrn to thoae of 3313. 
3375. I+om the emt Bide of I\'& Vt>rrr, the b d a  belonfing to the upper mi- 
376. Il'mm the hill above the ramp, t.hr s m e  horkoil RR at Ihe rsmp, but about a 

milo along the h i k e .  
:?7f. From dope of ChichwI Pmk, bods belonging to the "low~r" d e s  aF Dr. 

PaIacbe, near a dike. (Soe p. 74 .) 
337a. From the bmccia bedn of the w e  lower srriea as 3377, on the  lope of Chichaguf 

Peak. 
That Rome differenca in  age oxi8t.% btymn tho b e d m  of the upper mloriae is obvioue, 

brit L W ~  thin diffctenc.e invnlvea a faunal diffmnft? i8 not ~o certain, ~ i n c e  mml 
o l ~ , h e  qeciofl found in tho lower bpd~ were alm collectd from the upper bmla, and 
the tom1 n u m b  from the lower beda i~ Zoo amall to admit of any valunble com- 
parim being made. If any faunal differen~-e C X ~ H ~ ,  it is probably not p k r  than 
that between the Chickrmwan and Claibornkn hnriannm in the 8tandml Alabama 
column, to which we are arcudomed to refer our carrelatinns af the k n e  horizone 
of the & American Tertiarie~. 

Fim gpecies rrem obtairiwl fmm the lower bd& one being the Vd& plan$ 
m t n  I~marck ,  the w~ll-known " l i n ~ r  p~puRt of the Eocrenc," which, with two othera 
of tho five, W ~ F I  allm obtained from the upper beda 

An enumeration of tho fauna obtamed by Dr. Palache now follows. 
InvwkhkJarrda of [he KeMi formation. 

Pmifera: 
Cliom aieskana DaII. 

Mollurn: 
Pelqpoda- 

Leda ep. 
.Yoldia pd~chei sp. nw. 
Yoldib em~raonii sp. nov. 
YoIdia breweri 8p .  nov. 
Nucula (Arila) dccim rmnrarl. 
Glyrimeri~ RF. 
Ostrea ~ p .  

1 ndl, w. H., ~arr lman ~ l a s ~ t a  ExpodIttm, VOI. 4 pp. ~ 1 1 1 .  
' 'l'beookuUm hludlns tho type swimens, are h the 11.8. Nntlonal Mumum, at WAlnpton. D.C. 
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Mollrmce--Continusd. 
Pelecypods-Cantin~id, 

Ojtren sp. 
Pecten ((%lamye) sp. 
M d i o l u ~  han-imani mp. nov. 
Mdiolm pp. 
Mdiolus ~hkanua  ep. nw. 
Modiolus (Bdula?) q. 
Venericardia planimsta 1-k. 
Phacuidw? qi. 
E,lacorocallista (Chionella?) gilberti @. nav, 
M a m a W  (Chionella) sp. 
Tellha 8p. 

SpEBuIa d b t d o r m i e  q. nov. 
Ppimla sp. 
hfcaodeema &ken& sp. nov. 

Gsstrnpdn- 
DrilIia? np. 
Cluvelithes? up. 
Chrydmnum sp. 
Rimella? ~ p .  
Cassia RP. 
Cenithium? sp. 
Crcpidula pmumr np. wv. 
?Ampullinn crasrrstina Lamuck 
h'atia .sp. 
hlargeritos penineulark ~ p .  nov. 
Dentaliurn up. 

The total Eocene fauna of the Stepovak ~ B R  above d & b d  thus m m p r i ~ s ~  a, 

leaat 34 speck, and it i~ probable that by continuwl rry~tematir mllertion a very 
much 1- number might he obtained. 

During. the season of 1908 several collections of plantu were secured 
in this region from leaf-bearing beds interstratified with  sediment^ 
bearing Eocene invertebrates. Tha shell md plant bearing heds 
where these collektions were wecurcd RTO int~rstmtified, find s~parated 
from 10 to 30 feet st.ratigraphically. The sllells are of &cane we, 
and the planta are typical of the Kenai strata. The great setli- 
rnentary series from which these fossil collections were secured forma 
the core of the Aleutian Range in this reginn. These series hme been 
traced eastward, and fire found to  be continuous with those examinod 
by Palacha nt Chichsgnf Cove, from which Ioeality he secured so 

many typical Eocene invertebrates. 
Knowlton'~ report on the plants from this formration is as follnwa: 

C o l l c c W  of plmzt fm j r m  K& jotmatim in the Baama- Ilerendem Bay regiota. 

No. 8. One-third mile upetream along Bttike of beds on muth s l op  nf the myon 
coming into the head of Batha Day from the wmt: 

Sequoia langedoriii {nrongn.) Heer. 
Equisetum globulwrum I .eq.  
Popufus arctim Reer. 
niforia magnifica? Kn. 

Age, Keaai. 



No. 10. One-hnlf mile m t h w t  from the head of Herenden Ray and about WJ feet 
above the bay: 

Sequoia langdorfii (Dronp.) Heer. 
T a x d i m  sp.? 
Omundx  domschkiana Gopp. 
pro tor hi pi^ or Bausmsnnia (n. SF.) 
Coryluu macquarrii? (Fotbee) H w .  
Populw arctica Heer. 
Camptoniacf. C-cuqdato &. flfsybenew.) 

Age, Kenai. 
No. 11. Ou crest earrt of divide on trail tn Herendeen Bay: 

Populus arctics H e r .  
Age, Kenai. 

No. 20. k t  Ride of Herendeen Bay, appo~ite Marble Point: 
Taaodium di~tichurn miorenurn Hppr. 

Taxdium tinlajorum Fteer. 
Populue mddachi? Beer. 
PopuIun np. 
Populu~ arctica? Hmr. 
Hedcra rnwcluril? IIwr.  
Corylue rnacquarrii? (Farhm) Heer. 

Age, Kcnai. 
No. 32. Alongshore eaat of Point Mvido betntwn ITerand~m Bay and Fort 3io1ler: 

Nilsonia m r o h  Heer. 
Betula bmnpiartii R ttinrnhnuc~n. 
Populun arfutira ITrcr. 
Populus latior Hper. 
Acer, probably new. 
Z a m i h  ap. 

Age, Kenai or elightly later. 

Hollick determined the agt! of thcl ahovo mattria1 aa follows: Col- 
lections 6, 11, and 20 as ~~~~~~~~~Eocene" and collections 10 and 
32 as Upper Cretaceous or Inwes Tertiary. I.Ie writes: 

It ia m b l s  that thme which I hare indicated an "tertiary-Eocene" may rsopre- 
m t a  flora identical wilb that of the  uppcr Yukon Valley and the type locality of 
the  Gensi at Iiachemak Bay; but more extenaivt! collertinns for rompariann would 
ba n c c w  before any pcwitive concl~~sinns on thin p i n t  ct~uld be asiely deduced. 

If co~ections 10 and 32 are ever definitely determined to be of 
Upper Cretsceous age comctinns on the goaIogic map will ba 
necessary. 

Trvv collections of loss2 plants were mado on tbc east shorn of 
PavIof Bay. Only one of them contained identifit~bla matmial. In 
that collection Kr~owlton recognizetl the following forma: 

Colleclh of pEnnG f n m  of the Kmai Jnrmation mar ParlofBny. 

No. 44. Eaqt nhore of Wvlof Bay: 
Populua arctica Heer. 
Bet,da bronpiartii Ettinwhausen. 
Ulmue ap. 

, Juglane ~ p .  
Laurun? mp. 

Age, appanently Kwai. 



Shells were found in tho same section on the east ~hore of Pavlof 
Bay, the age of which, Dall snys, is uncsrtain, though the shells n p p a s  
to be Oligocene or Eocene rather than younger. No new collections 
of plants were mntlo from tho lignib-hmring formation of Unga 
Is l~nd,  for the Kenai nge of this formation hat1 been previously 
tleterrnined. 

Kenai plants have Recn o'htllined from widely separated portions of 
Alaska, includ&v localities in soutl~emtorn Alaska, near Eagle, in the 
upper Yukon distr ict ,  in the vicinity of Rampart, south of the Tmana 
Valley in the Ninana River district, on tho lower Yukas hetwien 
Nulato and HoIy Crow, m d  at variou~ otller local i t i~  less easily desig- 
nated in the interior and northern pnrtiom of Alaskrt. Tho type sec- 
tion is exposed on the western margin of the Kcnai Peninsula along 
the shores of Caok Inlet, and from that locality southwest there are 
numerous smnll are- from which Kenai  plant^ htcw hoen obtained, 
as well as the large w e n  bctwccri Chignik and P~vlof h a p  ~d~scriherl 
above. 

Kenni plnntR were first thought to ho of Mioccnc ngc; Iat~r tlwy 
were consitlered either Eocenc ar Oligocene. Their Eocene age is 
now ostablishsd beyond question. Tha dismverp of marine invcrte- 
bratas of E:ocene age, in c l m  msociation with tppira). Renlti plants, 
in some places on the same slab of rock, is in acconl with the Eorene 
age detorminntiom of the plants and a pleasing coorclinntion of the 
two lines of evidehce. Subdivision of tho Eoc~na in t.his r~gion must 
awnit tho co1lect.ion of frtller faunas and floras from diflomnt portions 
of tho section and the recognition of thc ~ i ~ c a n c s  of a gsnnt many 
unknown plants that 11ave bmn m d  may be colIected from this 
formation. 

Slrafigraphic rehEim.--Tha stratigraphic rnlatitions of tho Kenai 
sediments in the northeastern part of tho pt?ninlrulu. aro not known. 
In the Chimik Bay r~gion the formation is known to nwt coniormnhlp 
upon tho TTpper Cret~ceous and to be cm-orcd in part by volcnnic 
rocks. No Miocena sorliments have asl yet been recognixed in ths 
Chignik Rny region. 

Tho Kcnai formation is known t.o rest conformably upon Upper 
Cretaceous scdirncnts at soveral points in the Rnlhoa-Horrndeen J3n-r 
region. This conforrnablo relationship is m-ell shown in tho ccnt>rnl 
part of the region, on the north side of Pyramid Mountain; in Pinnacle 
Mountain, noar tho hoad of Hercndeen Bay; and in the mountain8 
west of tho \vest arm of Hcrcnd~cn Bay (&. 5). In the e~stcrn 
portion of the field, nonr Chichwof Peak, the lower Eocene beds have 
been describetl as of volc~nfc origin, but their base is not exl~osed. 
The relationship of tho Eocene to the h1ior.ene sediments in this por- 
tion of the peninsuln i a  that sf unconformity. The Miocene beds 
occur s m d  isolateti areas about the shores,where they appear torest 
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on rocb of different ages. The Miocene in 
the Peninsula has not sdiered t.he s m e  de- 
gree of deformation that the Kenai sediments 
have. Where the Eocene and hiiooene aedi- 
ments corns into contact with each other on 
the west shore of I-Ierendcen Bay dist.inct 
contraah in the dip and strike differenti~te 
the mries. The Kenai sediments in the Bsl- 
baa-Hemnhn Bay region have been covered 2 
in part by volcanic rocks and have been in- 2 
trutled by vast quantities of igneous rnateri~il. 
In the northwest portion of Unga Island, 1 2 where the Kmai sedimenta are we11 exposed, 6 

tho baae of the formation can not be exam- " 
ined, but Miowne beds 'o~erlie confomablg 5 
the uppermost Kenai sediments. Sedimen- 
tation at t lh  place was r.ontinuous through 2 
later Eaoene and into Miocene times. No 
notable movements appear to have affected E 
the island at the close of the but g 
there was slight deformation of the mdi- 
ments at the close of XIiocene time. 

OLKmCEKE BE-S (1). , 

B Nodishctprtion of the great conform- 
able series constituting tho Alau tian hloun- 5 
taim in the Balboa-IIarendeen Ray region 8 
can be cl-d as Oligocene. The inverte- .? 
brste foasil mabrid in several of the eallec- 
tiom has been dehrniinnd as upper Eocene 
or Oligocene. hlost of the shcll matprial, 
especially that which was mom clearIy iden- g 

3 tifiable, has been dehrmined to be h e m .  
All the pEanS which have been seculwd fmm * 
the various beds interstratified with the 5 
Enceno nl~ell-boaring. horizons have heen d e  2 
tcrminetl to he of Eocene a ~ e ,  9 
U T E  EOOEm OR E A E L Y l c I D C E ~ ~ E ~ S , ~  @ 

B B E C C W ,  AlPn 0-6. 

Dia&%uth.-In each of t11e aren~ atudied 7 
in detail nre oonsiderable masses of igneous 2% 
racks compowd chiefly of andesites, t.ufTs, 
and brecaias so intimatsly intermingled that "% 
their separation on the accompanying geo- b 
logic maps (71s. VZI mil W I T ,  pp. 40 and 42) % x i B ?  

r o o m *  
is impradioable. L 



The central portion of lths bland of Unga is largely made up of mdea- 
ites, which on tcrop at n few pints dong the shore. Popof Island, one ' oftheShumaginpnp,vhichliesnearestUngatotheeaat,iscomposed 
chiefly of voIcanic mcks, and andmites similar to those on the Island of 
Ungs me e x p o d  on the muthweatern coaat for at least 5 milea east of 
Ssnd Point. .On the mainland in the vicinity of Balboa Bay there ia a 
large but irregularly outlined m a  in which the principal constitu- 
ents of the mch a m  andesitse, amciated with volcanic tuffs and 
breccias. Andmites reach ths surface at two amaller area to the 
north, in the midst of the range, near the head of Port Moller. The 
same a l w  of igneous melts is exposed at the north entrance tu 
Chignik Bay, sout8h of the sedimentary- series, 

&meter.-The midmites in this group of volcanic rocks are oom- 
monly dark gray or greenish, with small phenocrysts of feldspar 
eady visibIa to the naked eye. In the field these andmite were 
eommonly described as porph~es. At many plmbces, however, the 
andesitP,s have h a  so altered as Go prcaent various phases of kaolini- 
zation, and from these alterations results a dense, flinty-looking 
matrix of dull white color, Some of the. specimens include minerals 
that have been calcitimd or chlodtized, and occasiondy there are 
minerals that are slightly epidotized. The ontcmps where the rocks 
have been highly altered usually have deep red or yellow COIOW, due 
to the oxidation 01 the pyrib which is abundantly present in the 
rocks of those areaam Such an area of altered andesites in the cen- 
tral portion of Unga Island is appropriately named Red Mountain. 
A b u t  this ceder specirnem showing dl lstnges of alterations from - the fmdl andesib ta tho kaolin may be collected, A small area of 
deep red rocks is located h u t  3 milea east of the bead of Balboa 
Bay. East and south of Red Mountain are 1 arge areas of daep yellow 
pprit b e d  andeaitea, which have been somewhat altered. 
Pa the Chigik Bay region, south of Chignik Legoon, thia group of 

~alcanic mcks does not  how such extreme phases of alteration ss in 
the islland of linga and on the mainland to the north. Here the 
rocks am dark gray or greenish, with small white feldsper pheno- 
crysts. Where they are locally pyritkd they exhibit some discolo- 
ration from oxidation. At the north entrance to Chignik Bhy the 
andesitic rock has a dense bluish gray matrix with small feldspar 
phenoqsts. The micmscopic characters of a typical ~pecimen of 
andmite from the island of Unga by h o p f  are given below: 
Na. 73. WaU mck in the Apol10 mine, Dnga Idand: 

P N W  m&de.-Under the m i c m p  the plapi~lese phenocrysta am 
seen to be partly chloritized and epidotized; ohem are reduced 0 an htropic 
mineral, probably ss opal peeudomwpbs. The femic minerals are complete! 
a l k d  to chlorite and epidote, and a~ indicated by'the peeudomorpbs, were 
probably pyroxene. Pyrite occm scattared thmu~hout the m k  in euh~dral 
form. No magnetite in preewt. The groundma ia cryptocry~talllne, with 
a g r e e d  tinge from the development of minute chlorite flakes. 



A specimen of the mdesite taken from the mountain near the head 
of Balboa shows under the microswpe the following charachrs : 

1 
T. No. I. From naar the summit of the firnt mountsin d h t l y  nwth of Balbaa Bay: 
r. A M  aladeeilc.-Micrrscopidly tho phenocrysta m found to conmst of 

plagioclaaepartly calcitizd or chloritized md occasionally aslightly epidotized, 
snd chloritic peudornorph alter pyroxene, all ree* in a deme ground 
m m .  Acce~sorymqnetite. 

Thew andmitea have k n  broken md crushed, and f i e  recementa- 
tion in these crushed or sheared eon- bas resulted in the formation 
of quartz Eedp, aoma of which are gold bearing. Several such zones 
of @Id-baaring quartz have been located in the southeastern part of 
the island of Unga, and others have been found on Popof Island and 
near the head of Mallard Duck Bay, an arm of Chignjk Lqoon. A 
detailed consideration of these gold-bearing mnea will be given later 
in the report. 

The volcania tuffs associated with this group of m o b  am i n t e ~  
bedded with the flows of mdesite and the beds of breccia. These 
trrffs am composed of small angular fragments, many of which are of 
mdssiticr lava, embedded in a brownish groundmass. The accumu- 
lation of such tuffs during the period of volcanism varied from pIme 
to place, but ueually amounted to less than 30 feet in thicknms in 
my one locality. Qwd exposures of the tuff8 occur on the moun- 
tain just north of the head of Ballma Bay. 

The volcmia breccia included in this group of m k a  is d ~ o  sxpomd 
in the mountain north of the head of Balba Bay, wl~ere it appeam to  
be interbedded with the other roclrrr making up the group. The 
angular fragments, the largest 4 inches in diameter, are embedded 
in a dense brownish matrix. The description of the microscopic 
characters of this rock i as follows: 
No. %', h t h  dope of iimt mountain nwth of B d h  Bay: 

A l t d  volmnic M . - A n  slteed-Iaoking m k  whoae derivation ia  not 
apparent on intrpection, Wicmecopidl y mhowe a elastic texture and conaista 
of porphyritic volcanic M w b .  The feldapar pheaocqub are s er i c ikd  
and calcitized, the Camonate ahowing ~poradically a rhombohedd develop 
ment. F l a b  of limonite are common. The pundmarrs ia crypwtal l ine.  

There is a comiderable formation of andmitic glass near the south- ' 
era portion of the islrtnd of Unga not far west of the heltd of DeIarof 
Harbor. This glass allows distinct flow &ructum. It is. light gray 
in color and in places mmowhat porous. Some pitchstme is included, 
within the area mapped as andmitic glass en Plste Vm, (p. 42). 
The pitchdone, which is exposed near the stream used by the ApoUo 

, mine for water power, is of greenish and yellow colors, with a dull 
waxy luster. The technical dewription of this md&tic ghsa b as 
foYows: 
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No. 2. North slope of Apllr, Mountain, Enga Ialma 
Phc-bawW d d e  g b . - M i m p i c a 1 1 y ,  eutaxitic glmy lava con- 

tainingepomdic feldsparphen-; the Row bmde avertam 1 mm. in thick- A 

n m  and pmluce a thinly laminated etructtlre. Microwopirally, a fcw -2 feldqar phenocry~t8 (Ah,Aq), epordic prhms of hornblende, and ~ 1 y t a 1 a  -. 
of w e t i l e  are found embedded in a mricolored glasn. . :. . 4. . 

The glms appears to underlie the younger basaltic flowa and to  be 
c1mely msociated with the rtndeaitea which form the central pofiion 
of the island. The of the glass would, if that interpmtation is 
correct, be late Eocene or early lfiocene. 

Re7.uEio7as to othm rocks.-TIterre andesites, tuffs, broccim, and dm 
appear to be tho cora of tho land mass in the island of UWR, am1 are 
probttbly the oldest iitgnoou~ rocks expoaed on the bland. They aro 
unmnformably overlain on the earstern shore of the island by a w n 8  
beds which are in turn unconfomably overlain by recent basaltic 
flows and coarse tuffs that rest in plmes upon this andesitic group. 
The dmtites in thia island @I. VJTI, p. 42) nppm to hare intruclerl 
the andesitea. Glacirtl tleposita ove.rlia the mtnrlesites in small amm. 
Eocene rocb  outcrop at severel places near sea level about the haad 
of Cod Harbor, near which point are outcrop of the mdesitic lavm. 
The relation of the igneous to  the sedimentary beds at thb point is 
not Imown. 

On the msinlmd, in the vicinity of Bdboa Rsy, these igneous rocks 
nrs in part btmded as silk into thc Kenai formation and in pmt 
overlie that formation. Tlrey an! in, turn manhlerl unconformably 
by much younger volcanic rocks, of a b~saItic nature. Certnin tiac- 
ti&, to be described latar, have been intmdori into this andesitic 
group at various plncm. The s m d  are= of andgsitos in the corn of 
tlie range in the BaIboa-Hmndeen Bay mgion are intrusions into 
the Kenai formation. 

, Somc anrlesitic Iavas heve intrurlod tlio Kend formation, in the 
C'hi~nik Bay region, and in some placw anilertites apparently overlie 
the Eocene sediments in a conformable relationship. The contact 
west of Chignik River, where the igneous rocks cut off the various 
sedimentary formetiom there exposed, appears to  have been due to 
f au l t ix .  

Age.-From what has already been stated ilt is clear that these 
vobanic rockg are of late Eocene or early 3bioreno age. In the 
exposures north of Bidboa Bay and at certain ImrtIities in the Cllignik 
Bay rc&n, it qpeam t h ~ t  voIcmiSm begm toward the close of 
Eocene time, The andesitic lava intruded the seriea of clsstic 
wdimente and poumtl out on tb surface. Explosions f ol!owing the 
beginning of t,bk volcanic ncti~ity yielded fragmental materials that 

gs tuffs m r l  hreccias. a*lrese rocks may, therefore, be 
lab Eocene or early bfiomne, or, perhaps better, tranai- 

tional-in part, late Emme and in part early Miocene. 



-L m . 

i t .  PYRAMID MOUNTAIN. NEAR AXIS OF ALEUTIAN RANGE 
NORTHWEST FROM BALBOA RAY. 

A laccoliihic m o u n l n ~ n  with Kenzi r rd~rr .~nt%a:  t h ~  summl: See pace 63 

B. SHORE LINE STACY UR P LC114 ON EAST SHORE OF LrNGA 
ISLAND 

Cnmposcd of b*s=l:tc lavas and volcsrl c 1ufi3. Srr paces 71, 97. 
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The igneous rock includcd in this clnss h ~ v e  intrt~dcd, in some 
pl-, the andesitic rocks just described, in othor placw tho upper 
portion of the Kenaf formation {Eocene), and in onomMcality €110 

Unpn format.ion (?iZiocene). They form or are associatncl with con- 
spicuous topgraphic foaturw in the Balboa-Herendoen Ray =ion. 

( h e  of tho moat conspicuous peaks in tho BaIboa-~I~mndean nny 
region, about 6 miles wmt from tho head of Balboa Bay, i~ cornpotled 
of R flow breccia with tho general characters of an angito porpl~pq. 
This mountain has sharp pimmlo featurns that read1 fin olevaiion of 
about 2,500 feet and IIM been ~pprupriatoly callod Cathedral Peak 
(PI.III, 11, p. 12). The same flow breccia kppeam in the next moun- 
tain aaat of Cathedral Peak somewhat below the summit, u4lh 
Kenni ar?dimont~ above n11d below. The ignrtous rock js high in the 
JCorlt~i scrt ion, and the~+efol-c, of Jato Eocerlo age. 

KnopE'~ duscril>tion of this rock is as follows: 
In tba band ~pccimen the vitreous brown augitm embedded it! an aphsaitic hmwn 

mahix are the mmt rnnppicuous feature. M i m o p i c a l l y  it pmvm to bc a glaeay 
augite porphyry flw breccia containing nurnemlrs fmpenta of 6 0 1 1 s  kin&! of 
andeeite. Camidemblo chloritizalion hw affected the rock. 

fidtihution.-Dwih 11m CSI )OHC~ in aareral areas on the island 
of Unga find on the mttinlun(l in t.110 Bnllwn-t lcrenrleen Bay district 
I .  I p 4 2  The srow on t11e islnnd of Unga am in .tho south 
portion of the bland within u bcw miles of the villago 01 Unga. On 
the mainland to tlro north thrr d s r i t ~  exposures ore in the higher 
peaks just weat of tho Z.r~ili bttt\vrt!n nnlboa Bay and lh-endeen Bay. 
Other mrtsses of dncitu hllvo intrudrtl tho sudimentary rock~l south- 
east of l'It?r~.fndern Bay ulid stilt oll~ur. w a t ~ l l  a~r:uw occur on tho PaciTic 
coast east of Balboa Bay. 

Pyramid Mountain i~ locatetl in tho con tral portion of tho poninaula 
southwest of the hotad of Rslboa Bay. Xt in ~t ca11al)icuous snow- 
capped peak PI. IS, A3 nntl r i m  to an olnvntiar~ of n h u t  2,500 feet. 
The main mass of the mountnil) is vompnsotl of t.ho Chignik and 
Benai fomat.ions (fig. li). N n ~ r  t l ~ u  ~ummit ,  oxrapt for the upper 
100 foet, which chmnsists of Eocone sadimont, tho muubtain i~ for the 
most part dacit~. 

Tho dacite oxpo&d in PyramirI Mounthin is part, of a hrge lacco- 
Iithic mass, from which outliorp, oxtend W.POB~,WRM~, forming tho erosls 
of two rnollntain ridges. A lnrge m o r m l  of d ~ r i t a  ww mrnorfid in 
the development of the vdttl)ey between thme mountain ridg~s. The 
dacite athaina a muximum tbicknrrss of aboat 1,000 feet new Pgramid 
Mountain, from which point the mass hecomes gradually thinner in 
all directions. 



The dacite msa west of Santiago Bay forms a samewhst con- 
spicuous mountain of lightrgray color. The m- of dacite farther 
east appear to have intrudd the andesitie Invma and tuffs, and the 
masa burdgring t.ho coast appears ag a great intrusive sheet. The 
ares a littla back from the coast forms a conspicuous knob 2,000 feet 
in heigIr t . 

Of the dacite srnas in the southeastern portion of Unga Island, 
tbose bordering the coast appear as bold cliffs that weather to a light 
p y  d o r .  The arena inland form Pow knobs along the crest of the 
mountain ridge. Drrcite-like lavas have been seen in the Wik 
Bay region, but the mapping ha8 not been carried out in sf ic ient  
detsil to differentiate those mawe9 from the dmite proper. 

C?lamctm.-Th.~ dacites have a porphpritic tex t.ure, with dull white 
phenocrpts of feldspar and glassy quartz in s p a y  or light peemish 
groundmass. The microscopic description of a specimen taken from 
the large Psccolitb in the central portion of the range northwest of 
Balboa Bay is as follows: 
No. 53. From Pytamid Mountain IacmEth (H, VZII, p. 42). 

Dw5&.-Mi-opicd1y, the quastam are found ta be powerfully mrbed,  
the ptsqioclsee hb,hn, to show marked zonal handing, and ths harnbEsnde 
prim3 are in phcas chloritized. Tho alterstion of tho m k  as a whole, bow- 
ever, ia unimportant. The pundmaee is unumaHy woll individualird for 
them volcanim; it conaih of m n d l  atout plagioclasea and intemtitia1 quartz 
and probably mme orthoclase. The a c c ~ ~ ~ ~ r i a  are q e t i t e ,  apatite, and 
titanite. 

R~Zatiom to other rwke.--On the mainland the intrusions of drrcite 
are in the form of eiIl.9, dikes, and laccolitks; the ~tmetuml relations 
in t h e  large laecolit3i northwest of Balboa Bay are shown in figure 6. 
The mws of dacite is about 1,000 feet thick and extends over an 
m a  of uevord squero miles. Remnants of the se+entq f m a -  
tiom ol-erlie the igneous rock in two of the higher peak @1. VIII). 
The largo mass of daci t~ in the ccntraI  ort ti on of the range and east 
of the head of Rcr~ndeen B R ~  is not so clearly shown to Ije of lama- 
lithic form. This intr~~sion is $so into the Eenai formation. East 
of Balboa Ba? along the coast and in the southern portion of Unga 
Island the d ~ i t e  massea appear to have intruded the mdesites 
deamibcd above. 
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Age.-It appears from Ithe evidence just presented that the dtacites 
are all Iate Eocene or Ester, lor they cut late Fmene sediments and 
late Eocene or eady RLocene volcanics fit several phces. At tila 
head of Port lvfoller dacites cut and overlie htiocene sediments. They 
are probably all oIder than the b~snltic flows and tuffs soon to bs 
described. 

DIORITE PORPHPRITE. 

The determination of tfis rock wns made by Palache. T h a  only 
h o w n  exposure of this t w ~ e  of igneous rock is in the fluchrtgof lncco- 
lith (k. 7). Chichagof Peak reaches an elevation of a little more 
than 3,000 feet. It is about 4 mil- northeast from the head of 
Cluchagof Cove and near the eastern margin of the area shown on 

Plate WII (p. 42). The main mass of tho mountain is composed 
of the Kenni formation. Senr the base tl~cr!m ara ~everal hundred 
feet of volcanic tuffs and breccias, and tho Inccolithic mass Il~ro 
referred ta and shown in f~g~ire 7 is near the summit. Tho rock 
rang08 in cdor from g a y  to gr~enk~h grny and has n distinctly poi-- 
pl~pitic texture. Palaclln statm that the intruder1 rock is wnll 
exposed near the summit of Chicliagof PA&, and tlirtt dikm are 
numerous in the vicinity of tho laccolithic, mass. 'The dikos are 
reported to be in a gcnpral way mdial to  the dome-shaped uplift 
of the peak, and henco t o  cut wross the strike of t h o  saclimentav 
beds at high angles. The description of one of the microsropic aec- 
tions, by Palache," is follows : 

l h M h - p o r p ~ . - G r a y i P h  green m k  with muny  tout priumatia p o r n  horn- 
blende cytala, in h e  gray matrix, which ~tand out on weathered ~urface. Ground- 
mas of minute p e n  hornbbde ncecllw and bmic plagiocla~e mic:rolitetl IWR in 
amount. Phenocrytn labratlorite and hornblende. Labradorite very abundant in 
aba*ply bounded crystals, twinned on albite and Carlabad lawn, very fmh  and fred 
h m  iaclriaiom. Hornblende colorles to pale g-reen, fibmua, in ~hort stout nhsrply 
termfaatad cryptale, mmetimes: inclming a urnall core of colorlc~u pyroxene, hut clmrl y 
original. Chlorite almost the only decompmition p d u c t ,  wplacina Rome of the 
p u n d m  hornblende. Quartz is ab~en!nt. 

1 Pdache, Chules. liarriman hlwka Rxpeditlon, vol. 4, p, sO. 

900%'-RuEl. 46-11-6 



C7ra- and di&+htion.-Dall gave the name Unga eonglom- 
mate to the sedimcnls of 3fiocene age wlucll he nxamirl~d on t'ngtl 
Island. At that lor.alitf the fermntion is predominatel?* conglom- 
eratic, but at the manp other locaIiti~s indicated on the maps arram- 
pang% this report the formation does not incInde much conglom- 
erate, and accordingly the torm l h g a  formation is used hem. This 
fomation waa first recognized by Dall in the wwtem portion of 

F I ~ ~ E  R.4tructure sedlon B; the north end of Caga W a d ,  dong t h e  R-Fm Plate Vm. 1, Kmnl 
lonnath (Eocene); 2, Cnga Iomatlon (Mi-): 3, m n t  v n l m l c  mb, l d t i o  flow, nnd t d s :  
4, gluctal drin; 5, sand dunes. 

Unga Tslnnd, where it overlies the Eocene lignihbonring beds (fig. 8.3 
At this locality Dall measured, in 1872, the following ~rction : 

[&Aim includes 200 tmt,] 
1. Tuffn and mil. 
2. Conalometstc of fine pebblea. 
3. CangIomerate of lawer howlderm. 
4. Sandstone with marine fossils (1 foot). 
5. Thin friable nand y  hales (6 inch@. 
8. Conglornemke like No. 2, 
7. Yery cmme conglomerate (2 feet). 

On the following page Dali, in describing the formation, states: 1 
In the conglomorata {Noe. 6 and 7) many pieces ol rolled siliciGRd wood wero found, d 

some of which were bored by terodoe. Thme beds are evidently a beach formation, 
presaging the dep-iun which followed in which the marine bed above them ww 
laid down. T have called them the I:ngs canglnmetatee; and the marine ~traturn, 
which will be referred to later, from the great albund~nce of C r e p h b  pPmpta 
Conrad, 1 have called the #epiduk M. I t  ronlormably overliee the othem, and 
thcrc can be no doubt of the continuity of the dimentation through the whole ~erlea 
of limitic and marine e t r a t a  in t b i ~  locality. 

The con~lomerates in this type section contain lnrge quantities of 
volcanic frngments which do not appear to be water worn, and there- 
fore sarggmtV eruptions in the immediate vicinity during a period of 
sediment ation. 

Mimeno s e h e n h  have now been found a t  ~everal  othcr loc~lities. 
They ttro exposed on the northeast sliore of T:nga. Islmd, an the north- 
wmt comt of the island of Popof, rtt several points on the shorn of 
Balboa Bay and the Pacific side of the peninsula near that b ~ y ,  on 
the wwt stlore of 1 rcrendeen Bar and along the margin of Port MoIIer. 

1 J h U ,  W. H., Cc8lmd Ilgnlteof Alwrs: Rwwtetnlh A m  Rept. U. 6. Qeol. P m y ,  pt. 1, IRgR, p. FfJ7. 



At each of t h e e  locefitim tho Miocene appears to be limited to a 
small srea, except on the northeast shore of Port MoUer, where it is 
at least 1,000 feet thick end appems to extend for some &stance 
north and east of the exposed face. I t  is possible that it will be 
found to be overlain in that direction I)? liecent volcanics. The 
exposures at the w ~ t  entrance to I3alboa Bar; and on the west arm 
of that bay suggest by the nearly llorixontnl ~msition of the strata 
that they underlie Cape Niaksin, an island-like mass now tied t o  
the m d a n d  by an alluvial deposit (Pl. VITI). At oacll of the 
localities in the Bdboa-Herendoon Bay region and an the island to 
the south the formation consists of aandstonm, shales, and condom- 
mates, some of which are but loosely ormonted. In the exposures 
along the shore of Port Moller the rocks consist of sandstones, many 
of which show cross-bedding, shalea, grits, and con~lomemb~w con- 
taining pebbles of quartz, flint, bmalt, greenahno, ant1 porphyry. 
This s e r i ~  has a fossil stratum cnn?*in~ an abundance of oq-aker 
sbells. Dikes and sills of n porphyritic. b~qnlt  have intruded the 
Miocene section along the shorm of Port hioller. 

The section on the south gide of the west arm of BaIboa Bay is as 
follows : 

S& of hfwm d m e n t u  w B o b  Bay. 
Feat. 

................................. Shale8 with  anda atone mnmtiona 50 
Sandy shale with mndstwne ronmtions.. ......................... 40 
Bnntl y .clay with concrctinns.. ................................... 30 

This section is expet1  for about 3  mil^ along the bench. The 
upper snrface has been worked over bp the wavw ar~d shows a tiis- . 
t,inct sea terrace about 100 feet above mean tide. Tho formation 
includes seams of lignite 2 to 3 inches in tfiicknm. These lignite 
strin~ers occur Iocallp in the form of lensm. The beds dip gent,ly 
to the south, passing below heavy beds of vnlcanic tuff. Loaf 
frqmenta and h ih  of rarhanizcd wood are included in soma of the 
sandstone blocks which have fallen from the cliff, and worm trncb 
are abundant in gome of the sandstone layers. 
In the smell area of probable Miocene on the west side of Hcren- 

deen Ray the sediments art! for the most part unconsolidated. Thcy 
pi~lde.tE one-I~af coll~ction which hm been determined to be 01 post- 
Kenai age, anti ~ince  tho phpic.nl nature of the beds and the general 
field relations are similar to those in the h o w n  Miocene areas, this 
 mall area haa been considered of Miocen~. age. 

The small area of Miocene sediments on the east side of Bdboa 
Bay is about 200 fmt thick. The beds consist of clays, crfindp / 
clap, grits, sanctshne, concretions, one Pfoot bed of heavy ~md-  
stone, and some carbonaceous shale. Some leaf fragments and b i b  
of cmbonized wood were srcn, hut no specimens suitable for identifi- 
cation were obtained. A t  this outcrnp the dip varie from 5" to 15" 
to the southward, and the strike is west 15' south. The Miocene 
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beda in this locality have been beveIed by the action of the waves 
at 50 and 100 feet above mean tide, t b t  which elevatiom are remnants 
of sea terraces. 

Fauna.--She& have been foynd in abundance at all but one or 
two of the localities mapped w Miocene on Plate VIII Ip. 42). These 
shdls have been submitted to DaIl, who, dthough he has not reported 
the specific names of the fossils, has recognized them ss of Miocene 
age. In commenting upon t.he collections secured from the north- 
east corner of Unga IsIand and the northwest share of Fopof Island, 
he calls them "Upper Eocene, corresponding ta the Unga horimn." 
The collection secured from t4he north side of the left arm of Balboa 
Bay "appears to belong to a horizon near to, or identical with, that 
of the Astoria beds, Uregon." The collection from the northeast 
side of Port Moller "indicates the Unga horizon containing MytiZus 
middendwfli Grewingk and other characteristic species." Tho col- 
loction from the west side of Santiago Bay is determined to be 

Fromlt 9.4t ructare  mth~ aIong the mthwt ooast of Vngti Wmd. 1,Andedtp; 2, unm fmm~tkm 
[Mime) :  3. tufk 4, reoent b d t  Bowsand tafIs. 

Miocene. An impression' of a bivalve secured from the mainland 
just n'orth of Unga Island was determined as "probably Marcia 
aregonms Conrad from the &toria horizon of tho Miocene." 

Fla~a.-One collectiou~of plants determined by Hollick t o  be 
probably of Miocene age was recovered from a mall area, of partly 
consolidated sediments on the west side of Herendeen Bay, about 
opposite Marble Point. 

S'tratGpphic relutimm.-As has been dready stated the Miocene in 
the northwmtern portion of Unga Island mts conformably upon the 
Eocene (fig. 8, p. 66). There is a scattering of glacial drift over the 
surface, but otherwise the formation is not covered at this locality. 
Along t,he northeast coast of unga Island the bass of the formation 

exposed at one or two points (fig. 9) where tho sndasitic group 
of volcanic rocks come above sea IeveI. At this locality the forma- 
tion is dearly overlain unconEomabIy by recent basaltic flows and 
coarse tuffs. Conditions similar to those in the northeaat portion of 
Unga Islmd prevail in each of the Miocene tarem near Bdboa Bay 
and west of Santiago Ray. The base of the formation is not ex- 
posed, but the overlying r o c k  a re  volcanic tuffs, which rest uncon- 
formably upon the little dist.urbed clmtic sediments. The small 
area, of ,Miocene age, on the west shore of Hererideen Bay, 
is unconformabIy related ta the Jurassic and Cretaceous sediments 
at the south. At the north the relationship to the Eocene is either 

. duetaanm60nfomityortofaulting. 
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The baae of the scrim was not recognized about the shores of Port 
Moller. Andesitic lavas cut. thrnl~gh and ov~rlie  tr partion of the 
Miocene area at the soutll end of Port Moller and glacial drift 
mantlw another pGrtion, Fnrther east the Mioeen~ comes into 
contmt with ~oIcanics along what is boliovod to be the fault plain. 
The upper surface of the hliocene wm not examined nortl~east of 
Port Moiler, but from a distnnce the lormation appears tm be over- 
lain unconformably by voIcnnic rocks. 

At no one of the localities are tho Miocene bods much disturbed. 
They are nearly horizontal or occur in gentle f n l d ~ .  In the northern 
portion of Unga Idand the bnso of the formation varies in olevation 
about 500 feet in a distance of 6 rniIes (fig. R, p. 66). The Miocene 
beds on t,he peninsuls, ha~eundergone much lms rlefomation bhan 
the Eocsne beds, and except at a few localitics the 3fioc.ene probably 
rests unconfomably on formations older than Eocsne. 

POST-YIOOEIPE BASALTIC PU)W6 dlCb T m .  

Ilhhbution.-In t,his class are included thc great mass= of recant 
volcanic rocks consisting chiefly of basaltic flow ~ n d  coarse volcmic 
tufi. Such rocks have been reported from all parts of the peninsl~la 
that have been visi: ted by geologists. Spurr refers to tho axial por- 
tion of the Aleutian range in tho nmtheastem pebrt of the pmimula 
as composcd of Tertiq-Qnatemrvy volcanic rocks el. VI, in pocket). 
Ilc reports also that in this chain of mountains M seen by him in 
crossing from Naknek to h t r n a i  there are several volcanic poaks, 
soma of which h s ~ e  been rmeatly active. In the Chignik Bay region 
are vast quantitim of conme blnck volcanic tuffs in tho vicinjty of I) 

Hook Bay (F1. VII, p. 40), and the basaltic dikas of this same period 
of volcanism cut t h u g 1 1  formations in this region at various places. 
A 1- portion of the island n i  I h g a  is rnantlorl by volcanic tuffs md 
recent basaltic flows. North of Ungn, in the Balboa-IIerendecn Ray 
region, rment ~rolcanic rocks occm in various portions of the field 
(PI. VIII, p. 42). They are conspicuous about the sham of Rdboa 
Bay and eastward. The summit of Pinnacle hiountain naw t.he hmcl 
of Herendeen Bag is eomposerl of volcanic tt~ffs and recent httsalt.ic 
flows (fig. 3, p. 48). An arc% of nearly 100 square miles extending , 
southwarrl horn IIot Springs on the west side of Port IIoUer is cov- 
ered by recent volcilnic rocks of tho Arne nature aa those just d+ 
scribed. Wastward from Prtvlof Bag the peninsula ~ n d  neighboring 
iwlnnrls are reported ta consist wholly of recrnt volcmic rocks. 

&,tack-.--When seen from the h n c h  or from a boat whiIe comb 
ing along tho shore these tuffs appear to he composed of black and 
dark brown fragments in a matrix of about the samn colors, but 
when a hand specimen is examined Chc matrix is  commonly seen 
to  have a dark green color. The fragments included in this tuff 



H 
E up to  20 feet in diameter; commonly 

their dimensions v a ~ y  from 3 fa 6 feet (PI. 
X, B) . Individud blocks dbpIay the darker 
shades of red, p e n ,  and gray. Some of the 
blocks are distinctly black, and all of them 
show a scoriaceous texture. The tuff js 
poorly stramed, but bppcara to have been 
in part, at least, hid down in water. One 
marine shell found in the tuff just west of 
Balboa Bay has been identified b?~ Dall as 

d of hlioceno age, but some uncertainty exists 
as to whether this shell R-ts washed from 
the Miocene sediments into the SCR when 
the tuffs were being deposited or whether 
the shell wae left by form living in the 
wabm when the tuffs were laid down. Sev- 
eral volcanic centers amociatsd with these 
w e n t  twffs ant! flows have becn located. 
Volcanic tuffa and msociahd basaltic f low 
reach a thickness of fit least 1,200 feet on 
the west sham of Balboa Bay. 

ReZath  to other rock8.-Sections on the 
northeast corner of Unga Island show cIearly 
that these tugs are porrnger than the Mio- 
cene serliments, on which t h ~ y  rest uncon- 
formably (fig. 9, p. 6s). The exposups in 
the recent volcanic tuffs and basic flows 
about the shoms of Unga Idand exhibit 
complex relationships which, when worked 
out in detail, will rcveal tl remarkable hia- 

2 toryof volcanism for tlus idand. The dia- 
5 grammatic section given in figure 10 show 

the more emiIily appamnt conditions dong 
the eaat &ore brtwpe.n Delarof and B a d o f  
harbors, which is included in the view 
shown in Phtr V, B (p. 38). In t h i ~  section 
is the small mms of argrllite of unknown 
age already dewribcd, as well as are- of 
the older volcanic series of the island, which 
are at this locality chiefly andmitic porphy- 
ries. The upper m r f t ~ c ~  of this o l d ~ r  series 
of volranics has certainly been modified 
by erosion, and at the b ~ w  of the new se- 
ries, in places, volcanic qglorneratm occur. 
The later series includes v a t  quantities 





of tuffs, which are remarkably well bedded. Locally they are much 
deformed. A consiclerable amount of volcranic glass is associated 
with the younger volcanics expomd in this cliff, and local metamor- 
phism has taken place where basaltic masses have intruded the 
earlier anrlesitic rocks. Since the cessation of volcanism in this 
part of the island, stream erosion has developd new valleys that 
have b e n  lately modified by ice action, and the waves have been 
actively at work modifying the coast. The rock pillar shown in 
Plate IX, R, is composed of recent volcanic rocks. This pillar has 
been separated 300 feet from the main cliff by the work of the waves. 
The recent volcanic rocks on Popof Island appear t o  rest upon a 

very uneven surface. Thia unevenness pmwrnably resulted from a 
period of erosion afkr  the close of Miocene time and before the 
renewal of volcanic activity that brought these rocks to the surface. 
Recent volcanic rocks clearly overlie the Miocene .at severd places 
on the mainland north of Unga Islantl. On the north side of the 
pminsuIn, near Herendeen Bay and Port Moll~r, they rest on the 
emdod surface of various bI~sozoic and Tertiary formations. The 
youngast sediments upon which they are known to rest in this 
portiop. of the field are of Eocene age, but they will probably be found 
to overlie the Miocene east of Port Moller. The most recent vol- 
canic rocks in the Chignik Ray region come i n b  contact with tho 
Upper Cretaceous (Chignik formation) near tho north ontrance to 
thc bayLy. They are. clearly younger than the Chignik formation, 
but basaltic dikes that &re? believed to be of the Flame age cut Eoccna 
wrliments in the vicinity of Chgmik Lagoon. 

Age.-These volcanic rocks are chiefly of post-Miocene nge, and may 
dl-be post-Miocene, In the region studied they aro, for thtl most 
part, pre-Pleistocene, b ~ l t  it  is certain that similar formations tlro 
today accumulating- about tl10 active volcanoes. 

A small area of sediments on the west shore of Iierendeen Bay, 
which has been clasmd and represented on the map (PI. V I I ,  p. 42) 
as Miomne, yieIded a coIiection of plants which, though not satisfac- 
tory for close determination, were judged by Knowlton to be of 
Miocene or Pliocene age, and since there were several similar small 
areas of Miocene beds bordering the coast, this area has been tenta- 
tively eltbssed with them. The possibility remains, however, that 
there are some mdiments of Pliocene age at that locality. 

-BDMI\TARP OF THE IGNEOUS ROGKB. 

The igneous rocks thus far known in the Alaska Peninsula may 
be grouped in two classes. In one of these should be placed the 
coaraely ~~e rocks in Mount Douglas m d  in the nor thwesb  
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psrt of the peninsula, west of Becharof and Nahek lakes. Thew 
rocks have bwn described as gcaniha and syenites. They are 
certainly pre-Upper Jurassic, and from data obtained just beyond 
the limits of tho pninsula it appeam that they we Lowr or Middle 
Jurassic. The full cxtcnt of them rocks is not yet laown. !l%e 
Mount Douglas area is probably limited to a small group of peaks at 
the. northeast terminus of the, peninsula. The igneous meks at  the 
ext.mme northwest outcrop in a belt roughly parallel to the axis of 
the peninsula, and probably extend for more than 100 miles in a 
northeasthsouthweat direct ion. 

Tha other p u p  of igneous rocks is chiefly of volcanic origin. 
Them mcks include basaltic and andesitic Aom, breccias, somo 
volcanic glass, and v&st quant.ities of tufls. Near the volcanic 
c~nters (Eik~s, sills, and lmcalithic intrusions are exceedingly common. 
The rocks in t,his daas are of T e r t i q  or hater age. They are irregu- 
larly distributed from the northeast extremity of the peninsula, at 
Capo Douglas, to  the western Le&us near Unimrtk Pas9 and are 
the predominant formations in the neighboring islands. JJIew 
detailed mapping has been done these volcanic r o c b  have been found 
to ba in part of early Eocene ags, in past of late Ewne or early 
Miocene age, and in part late Miocene tmd posb3liocene. In fact, 
tho ~ssociation of these igneous rocks with the Tertiary and water- 
n a y  sediments i s  such as to indicate that volcanic octivifics have 
probably been continuous in this portion of Alwka since tfic begin- 
ning of Tertiary time. 

The earliest of the Tertiary lavas have been considerably meta- 
morphwed. Later Tertiary lava8 appear exceedingly fresh, while 
some lavas of Quaternary age am unconsolidated f r n p e n t s  that have 
very recently issued from volcanic venb. The metamorphism of 
the earlier Tertiary Iavas has chanp,d in a most notable degree the 
colors and physical properties of these rocks. Large areas of these 
lavas are colored in brilliant reds and yellows, and at other places the 
weathered material is a dull white. Knopf has d m  the following 
general conclusions from m microscopic study of spcimens of these 
weathewd lava: 
In many 01 the volcanirtr the Jteratime m p m n t ~ d  by chloritizrition of the ferro- 

mgnes in  minerals md kwlinimtion of the feldspars am such aa nre produced by 
sirnpJe wmtberin~; in others, however, the alteratiou has taken on 8 propyliticnapect, 
aa fimtnoted by Berker at Dclamt Harhor. 
The mod intenac alteration i a  shorn by the pyritized andmitea. In them the ferra- 

magneeian rninm1a have beon conv~rted into chlorite and epid*, the feldspam have 
been replaced by c~lr i t t?  and pnIy epidotized, and a more or 1- tbmugh alterstion 
has affected tho p u n d  m w ,  M t e  occum s ~ a t t e d  throughout the rocks and in 
embedded in hoth primary and wondary minmla. There has, however, been na 
p t  illtduction of new material. The iron origindIy cnntsined in the femic 
mineral~snd in the magnetite wna mfficient tosupply thatn-ry for the pmduction 
of the p ~ t o .  arbon dioxide and hydrogen sulpl~ide appenr to have been the main 
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agents of d h t i o n .  The mlcitization of the ~lladoclnse Feldspals implim n m r i l y  
thatthere hash~en an elimination of d u  from the nltered andeaites. 

SeveraI vmts beside the active volcanws in the peninsula have but 
recently h e n  swnes of great activity. Fragmental materials lie about 
each of them in vast. quantities and a further study of the geology of the 
peninsula mill undo~lStPdEy show numerous other arms where volcanic- 
rocks have been poured out on the surfaca and widely distributed 
by explosion. Many of the headlrrncls bordering the Pacific Ocean. 
owe their resistance to firmly cern~nted p?-roclastic rocks, whib othem 
that well resist the action af the --aves are composed of the denser 
andesitic flon-s that h a w  i s~uet l  from neighboring volc~nws.  

QAarndw a d  dMbzl.tion.-Thc Pl~ is  tocene deposits consist of 
unconsoli(lat~d clays, sands, grav~ls, and glacial drift. Quanti- 
tatively the glacial drift is perhaps cl~ief in importance among tllese 
deposits. Ths distribution of glacial drift in the areas studied in detail 
during the summer of 1908 is shown on FlatPs VII and 1711 (pp. 40 
and 42). It was impmtbable in thn  mhpping to indicate the dis- 
tribution of glacial bowlders, or a mere scntkring of glacial drift in 
the valleys, but tltp extent of the larger rna~ws that mantle or obscure 
the underlFing formations has been indicated on tllc maps. Pleistocens 
deposits have not been studied in detail elsewllere on the peninsula, 
and from the various reports that have h e n  given it would appear 
that such deposits arp not ronspicuous. It is probably safe ta infer 
that them is more or lrss glncial drift associated, as a mantle, with 
the northwestern lqwlnnd of the peninsula. Such was found to be 
the ease in the lowlantl nr~cln hnlering Herendeen Bay, where there 
is R rnanble of glwinl drift from 10 to 30 feet thick. In the western 
and nortllweskrn portion of t i l ~  Isl~nd of Unga several square miles 
are mantled by glacial drift, and morainic deposih occur in crrtain 
of the 1-r valleys. In the discussion of glaciation that will be givpn 
later in this report it will be shown thnt most, if not all, of Unga 
Island hfis hem glaciated, and that R little glacial drift ma37 IM 
expected almost anywhere .in the lou~lantl portions on the island. 
On the mainland north of the penins~lln there are but small patches 

of glacial drift associated with the mountain areas. The only con- 
sidemble amaa where there are glacial deposits are on the north side 
of the peninsula, bodering Hewndeen Ra?., and at the head of Part 
Moller (Pl. VITI, p. 42). 

Small prttchea of ~ l n c i a l  (Erift occur in tlze intPrstrenm m a s  north- 
west of Chignik Ray (PI. TIE, p. 40), others on the shores of Chignik 



Lagoon, and a t  least two mall patches near the east end of Chignik 
Lnke. The work in lthis region could not, En the time avaiailable, be 
carried far from the shore. It is quite probable that there is much 
more glacial drift in the valleys northwest of Chignik Bay and on the: 
1owIands borclerhg the range to the northwest. 

At each of the localities specified the drift has the physical hetero- 
geneity r.haracteristic of glac.ial kill ,  and as there rtre in all the parh 
of the peninsula and the neighboring islands that have been studied 
many varieties of rocks the drift hw a striking lithologic hehm- 
geneity. Many of the stones are smooth and striated, and t,ha material 
is for the most part unassorted. 

The topography of these glacial deposits is of two types. On the 
lowlands the surface of the drift contains numeroua undrainod 
depressions bordered by low moundliko Mls. It has the typical 
rolling topography o i  the ground moraine left by continental ice 
sheets over lowland areas. In anany of the deprekqiona a m  ponds 
or smdl lakes; in othen are swamps, the rcmnants of formor lakes. 
In the mountain vaUeys the cleposit,~ are distributed as latern1 or 
medial morainm, and commonly have n ridgelike i o m  character- 
istic of mountain valley moraines. 

Strat.(graphic ~dutiw.-The Pleistocene deposits rest upon up- 
turned ant1 eroded sedimentmy mcks that rmge in age from late 
Jurassic to Miocene, md upon st'ill younger volcanic formatiom. 
It is probably true. that the outwash from oertain of the glaciem 
that formerly axistsd hero mts conformably between !n wries of 
offshore deposits of Quaternary ago, but such deposits can not yet 
be st.udicd. 

The glacial drift in the ragions mapped in dotail by the author is 
probably all nf Plei~tomno age. The ice certainly left the lowlands, 
and quite probably the basin regions, ahout Chignik R B ~ ,  Unga 
Island, and Herend~en Bay, long before tile occurrence of the lwt 
notabIe mommmt, which elevated the lands of the peninsula m d  
adjoining islands at least 100 feet above sea level. Elsewhere 
on the peninsula glaciers lingemd long afbr Pleistocene t h e  and 
~mong the higher mountains, especially at tile extreme northend, 
cvrn until the present time. Them is, therefore, post-Pleistoccn~ 
glacial drift in the peninsula, and further studim in tllia portion of 
Ala~kra may determine criteria for distinguishmg the Pleistocene 
from the: post-Pleistocene glacial deposits. 

Topqmphic  ~ehh.-Tile morainic de~os i t s  are on the side slopes 
at some places in the valleys. Ifany of these deposit& am at the 
junction of a tributttry valley with the main valley and rest upoh the 
dividing ridge, partly as lateral moraines, and, where they have 
unikd, w, medial moraines. One remarkable g.lwia1 moraine on a 
high ridge sepsrstes two large valleys in the western portion of 



Unga Island and farms in that place the crest of the ridge,. This 
fact indicates that most of the western portion of tho island was 
under ice st the t h e  tllc moraine was dcposihd. The greater part 
of the glacial drift, however, is in the lowlands, where tho valley 
glaciers deployed and where the conditions for depmition and for 
preservation have been more favorable. General conditions during 
the Pleiqtocene epoch and the work of the glaciers in the dinerent 
regions studied will be described later. 

Pumice.-Frperrts of pumice h a ~ e  been seen in two localitiw 
on the north side of Chignik Bay, one of these localities b e i  in t.110 

J 
valley of Bear Creek, where there is a consid~raMe deposit. The 
fragments range up to  6 inclws in diameter. This deposit appears 
in a emall knoll or ahor-t ridge in the bottom of tile vallcp, and must 
have h e n  formed ~ h c e  the main valley was excavated. The source 
of this material may have h e n  within the area b the cast mantled 
by rccont volcanic rocks, and where volcanic:  enters ham been 
Iocated. The other Iocahity where pumice omurs is abut  2 miles 
from the Iread of lIook Ray on the mountain muthw~~t  from the 
harbor. These mountah are of volcenic origin and some fragments 
at pumic~l am nesociated with ths vast quantities of fragmental mtlr 
tprisl fibout them. 

BU9~viurn.-lleposits of Recent alluvium, whieh consists of uncon- 
solidatetl smds, C~RYR, and gravels, occur in the vdey bbottom~ and 
along the shores. In the arms where mapping hns bmn done in 
detail (Fls. \TI and VIII,, pp. 40 and 42) it is noticcable that at the 
head of each bny and in thr l a w ~ r  part of each of the larger valleys 
there a m  bottom lands rnnntl~tl by Recent alluvial deposits. These 
deposits have the dorms of grcfit flood plains md hsyhead deltas. 

Along t . 1 ~  sllores the Recent deposits take tlw form of sand bars, 
sand spits, boob, or barrier bertchea, They consist of sands and 
gravela worked over by the W R V ~  and distributed along the beach 
by waves, undertow, m d  shore currents. Hook Ray (Pl. VIT, 
p. 40), north of Ghignik Bay, has receiwtl  it^ name from a sand 
and g r a d  d e p s j t .  l'mapect Bay (fig. 1R) oww its harbor to a 
sand a d  gravel hook de~eloped them by the action of tho wavea 
and currents. Chignik Lagoon i6t but the upper end of Cllifik 
Bay, shut off in part by a sand spit. Dor i~  Cove. is noarly closed 
by a sand spit, and Anchorage Bay (Pl. XI, B, p. 86) is prntcctcd 
by ti similar form. 'Sand Point, on Popof Island, is rtppropriakly 
named. The head of Santiago Btby is nearly closod by a sand 
bar, and Chichapf Cove h a  been shortened by the developmen$ 
of a barrier hach. Alluvial sediments extend upstwarn in all the 
larger valleys until they reach wi  elevation of about 100 feet above 



aetl level. Distinct marine terraces too srnaIl to be indicabd on the 
map appear along the shores of the mainland and of the isImds at 
a b u t  I00 feet abo~e =a level, and upon these terraces are Rem3 
alluvial rleposits. % places sucIl deposits include glacial materid 
that has been worked over by t.he wavw. The terraces indicate 
unquestionably that t.he water stood a b u t  100 feet higher relative 
to the lands in very recent time, and that during that period the 
alluvial lands at the heads of the bays and in the larger valleys 
were covered by marine waters. S i w  the uplift of the laad the 
sea terraces have been eomewhat dissected by streams, and in p l w  
mantled by wash fmm higher lrtnda. Tlio hieds of the bays grad- 
ually uncovered by the rising of the land have 'come to be botltom 
lands of the larger vallegs, and the dluvial material brought by the 
atreams has been spread over them, 

hndsZides.-At a few places on the shores of Bdboa Bay large 
areas have been so aflechd by landslides that it would be dficult, 
if not, indeed, impossible, to fmd exposures of the untierIying rock 
formations. These localitiss havo been indicated on the map as 
landslide are-. Landslides haw occurred at many other places, 
but not to such an extPnt as totally to  obcure the underlying geolom, 
or to demand recognition on the areal map. The cliffs that have 
yielded most readily t o  the dev~lopment of landslides a m  composed 
of volcanic tuffs. The amas on the west arm of Balboa Bay are 
developed where Recent volcmic tuffs am underlain by soft and 
only partially consolidated Miocene sands and clays, a condition 
very favorable for the dweloptnent of landslides. 

S a d  d u n e s . 4  tbc nol-thwcst &om of Unga Island; at one point 
on the east side, and on the coast of the mainland north of Unga 
Island, are sand-duns arem of sufficient extent to be indicated on 
th0 map. Dunes R F ~  also common along the Brist~l Bay coast line 
and southwmt along the ~hore of Rering Sea. 

Glaklr  dn'Lft.-Tllere are certainly glacial drift deposita on the 
peninsula of posbT'lcisto~ne or Recent age. They may be expected 
among the highar mountaine in t6e northeast portion of the p~nin- 
sula and on the dopa  of some of the volcanic peaks at the ~ a t r ~ r n e  
southwest. 

QEOLOUIC 3FIBTORY. 

From tho nature and distribution of the sediments, as now known, 
soma inferences may be drawn as to the distribution of land and 
water at di3erent times in the &history of the peninsula. The struc- 
ture and slructurd relations indicate the geologic perioda in which 
deformation took place, and the relations of the igneous r o c b  to 
the setlirnentarg rocks indicate the periodv of volcanism and mark 
phases of intrusion, e x h i o n ,  snd volcanic outbursts. 



GEOJXGIC EISTORY. 
1 

EARLY BQ3SOZOJC m. 

The granitic rocks in the northern portion of the peninsula that 
. are known to  be of pr+Upper Jurassic age, the report of aimilar rocks 

on certain of the islands in the Shurnrsgin group, ant1 the conglom- 
eratic and arkosic notura of the Upper Jurassic sediments all incl icate 
that in early Mesozoic timc masses of eoersely crystallinrt ignt?eus 
rocks were exposed in parts of the peninsula, at l e ~ t .  

The Triassic rocks, which nro limited so far s is now known to a 
amall area on the southeast sirlo of the peninsula sncl nenr the north- 
ern line, consist chiefly of sandatones, limestones, and shales. Tlro 
limatones and the sllella they contain indicatr that the wmtcrs wcro 
sllnIlow and marine, and at times clear. The clearness of the w~ters 
during the limestonemaking perids ~ h o m  either that there was 
little or no land near, or that the land w&q very Iow and therefor0 
yiclded little detrital matatprfal for streams to carry to the sea. Tho 
slztllw indic!~to that the waters became muddy nt times, perhaps 
from quickening of strettm work due t o  a slight uplift of neighbor- 
ing lands, or possibly from the formation of ncw lands. The Upper 
TriasGc beds have not been found in contact with any older rocb, 
'and sra consaquently the most ancient rocks known in the peninsula. 
During a period of deformation at the clme of Triassic timr portions 
of the sea bottnm on which Upner Triassic sediments had bcen d c  
pmited lifted above the water. Erosion began with the u ~ ~ l i f t  
of this land. ValIeys wero dcvcloped, and the rwk material thnt had 
been uplifted was in purt returned to the sea to  he deposited &gain 
in younger  formation^. This period of erosion ma? hhavc continued 
throughout early Jurassic time, for no Lower Jurassic rocks htbvo 
yet been certainly recogniz~d on tho peninrtula. 

With the appmar.h of rniddttrkqsic tima considerable arom in thn 
nortl~esstern portion af the poninsuln were aubmergad, and over 
t l i e ~ ~  submerged areas gravels, sends, and clays were deposited to 
a depth varying from 1,500 to 2,500 feet. The: full extent of tho 
Middle Jurassic sea in this part of Alaska is not yet known, but the 
work of Stanton and Msrtin has shorn that the waters covered a 
Inrp part of the prracnt land area an tho east side of the peninsula 
in tho vicinity of Chid Bay. The shales, sandstones, and cong10m- 
emtes resulting from the condidation OF tho sediments washad into 
the Middle Jurassic sea could have come only born land relntively 
near. The absence of limestone s u ~ s t s  that tho waters n70ro not 
free h m  land-derived sediments over any considerable nreaa, or 

'for any considerabla length of time dr~ring this period. 
The close of mid-Jurassic time was not, so far as is now known, 

marked by my great physical molution. The relationship botween 
the Middle andupper Jurassic m k e  appears to be that of conformity, 



5'8 . GEOLOGY OF PARTS OF ALASKA PERINBUYA. 

which would indicate that sedimentation continued from mid- 
Jurassic time on into late Jurassic time without interruption. More 
extensive studies mEty show, however, th& this conthued sedimen- 
tation did not prevail throughout the peninsula. 

The ~ a h e k  formation, which represents late Jurassic time on the 
peninsula, is, acmrding to present information, more widespread 
than any older farmation. The accumulation of at least 1,000 feet of 
sandstones, ooqlomeratw, and arkoaes during late Jurassic time, and 
the distribution of these sediments from the northeastern portion of 
the peninsula as far to the southw~t  arr Herendew Bay, indicate 
that the sea was shallow over a considerable part af the ares now 
known as the peninsula, and that ths sources from which sucll sedi- 
ments were derived were not far distant from the present outcmps of 
the Naknek formation. 

The structural reletions between the Upper Jurassic and the 
Lower Cretaceous rocks are not Jmown, and it is therefore impossible 
to state exactly the conditions at the close of late Jurassic time or 
the opening of early Cretaceous time in this portion of Alaska, or to  
d e h e  clearly the line of demwcation between the two. 

LATE ~ B O Z O X C  m. 
Lower Cretaceous rock9 have been recognized in only one small 

ma, in the peninsula, just east of Rerendaen Bay. If beds of that 
age are absent elsewhere in the peninsultl it may be either that the 
rest of the peninsula existed as a land area or that the h w e r  C F ~ -  
tsceous rocks have been uplifted above the Rea and carried away by 
erosion. In the wee mentioned they include at least 1,SM) feet of 
rocks, 800 feet of which are arenaceous limestone m d  the reat chiefly 
shalea, with some sandstone. The shalea and sandstones indicate 
that there was land near by, but the limestone overlying the shales 
show that the waters were clearing, possibly because of a slight 
lowering of the neighboring land, or men a depression of land below 
sea level, or tr reduction of the land to a level so low that bttledetrital 
material wrta carried from it into the neighboring sea. 

At the close of early Cretaceous time there was probably sufficient 
movement to intempt sedimentation, for the available data indicate 
an unconform~ble relationship between the Lower and Upper Cret a- 
ceoua mcka. This disturbance may hctve resulted in widespread 
erosion over most of the penimula lands. The sea agabi encroached 
upon the peninsula a t  the beginning of late Cretaceous time m d  
covered Rre,as in the vicinity of Herendeen Bay, Port Moller, CIGgmk 
Bay, and far to the northeast near Douglas village. Whether the 
sea was then continuous between them points is not hown,  but it is 
possible that m o ~ t  of the present lands of the peninsula were sub- 
merged during this time. The conglomerates, sandstones, shales, and 



GEOLOGIC HISTORY. 79 

coal indicate, however, that land was near at hand. The coal beds 
show that there were large snrarnps or marsha near sea level con- 
ta ining luxuriant vegetation. The swamps were submerged by 
slight oscillations of the Iand relative to sea level, and sands, 
clays, and gravels were deposited over the mcumulated ~egetable 
matter. Later similarmarshes came into existence through a slight 
upwttrd movement that brought the sea bottom just t o  or abave 
the water level, and in these rnitrshes additional ~egetable matter was 
accumulated. In tima, by another slight oscill~tion, this later r e p  
table material was buried by sediments derived Emm some near-by 
land. Such conditions continued tlmughout the period of deposition 
of the material that formed the cod measures. No decided physical 
change took place in this part of AJaska tat the close of Upper 
Cretaceous t h e .  

TERTIBBP T m .  . 

Tfie similarity of the Eocene sediments to  those of late Cretaceous 
age and their confomeble relationship intlicate a continuation of 
the same physical conditions from the beginning of late Cretaceous 
time to  the close of Eocene time. The early Tertirtv sediments are 
at least 5,000 feet thick in parts of the peninsula, and consist of 
shalea, mndstones, grits, conglomerates, and some lignite. The sand- 
s tone~~  ahaI~a, grits, and conglomerates am not unliko those formed 
in the proceding period, and like them h<licate that. land arcas were 
mar at hand. The beds of Ii,4te indicate that conditions ftbvoring 
deme gmwtfis of vegetable rnrttter alternated with conditions favor- 
ing accumulation of sandston& and shales. The peninsula was s u b  
ject to slight changes of position and stood by t u r n  a little above sort . 
level ma a Ettle below the water surfnco. Such minor osdUatory 
movements commnnly prcceda great periods of dciorm~tion, and the 
closa of the Eocene epoch m s  marked by orofira-phic movements and 
volcanic wtivities so distinct m tn prove that the Alaska Peninsula 
was no exmption t o  the rule, 

Tha distribution of Eocene sediments indicates that the osc iUato~  
conditiom above described existcd very generally over the south- 
western part of the pminsuln m t l  at places, at least, along the eastern 
coast farther north. To what extent the Eocene sediments have 
been removed from placm where they once existed can not now be 
tala. 

These early Tertiary sediments have not yet h e n  found in a hori- 
zontal position at any place on the peninsula or neighboring islands, 
but have been upturned in each of the areas. In the Chignik Bay 
region they are gently fotded, ~ n d  farther west, even t o  F adof Bay, 
they form the great anticlinal arch in the core of the peninsula. 
Miocene sediments have not been found upon the Eocene except at 

one locality in the northwestern portion of Unga Island, where they 



80 OEOMX;Y OF PARTS OF ALASKA P E ~ S ~ .  

rest conformably upon the h n e .  'Phis conformity would i n d i ~ t e  
thnt Unga Island was not involv~d in the geneml oropphic move- 
ment that marked the closo of Eoccne t ime on the peninsultb. The 
rnavement that affected the setlirn~nts on Unga IsIanti occurred a 
little later. 

The omgraphic movements that marked the close of Eocene time 
brought c~rbfiin portiom of the peninsula above water, in this way 
modifying the short, line and dctemining new areas fawrable for 
sellimentrttion. I t  nppesm that many small bnya or d e t s  where such 
sediments could be rlcpoait~d existed at the h w n g  of Miocene 
tima. These: bays cia not appnr to have been formed entir~ly by the 
orifinal stnlcturml features, and mny therefore have. been formed in 
part by erosion following tho p~riod of deformation at  the close of the 
Eocene and in park by a slight depression of the land which allowed 
the sea to enter the lowrr portion of the larger valleys. Miocene sedi- 
mentatian was in progress along the coast line, as iEl &own by the 
small areaR of Mior~ne mcks on the borders of the peninsula and 
neighboring islantla. It is fair to nasume that  the srnalI nreas now 
edsting are mere; remnants of Miocene sediments formerly much mom 
extanaive. 

Volcanic activities were distinct in this portion of Alaska near the 
close of Eomne timc, or at the boginning of Miocene time. In. the 
upper Eocane them are great laccolithic intrusions and numerous 
dikm and sib. Xn addition tn thew igneous rocks, extensive flows 
of andesita, Borne flaw breccia, ~ n d  local accumulations of voIcaniG 
tufTa appear to hsva followed the deposition of upper Eocene secli- 
rnante. I t  is not certain that  this period of vobsnism ceased during 
the p r i o d  when Miocene mdiments were being deposited, but it is 
certain that at the close of hfioc~fie time, or later, p a t  rn-B of 
igneous rocks were intruded into the sedimp,nta,t-y series. 
The close of Miocene time was marked by a lesser deformation than 

that 'which oecurr~d rat the close of Eocene time, but this later move- 
m ~ n t  was sufficient to upturn and to fold gently the Miocen? serli- 
merits at most of the pl~cea where they ham been discovered. The 
periods of volcaniarn which marked the close of bath the Eocene and 
the Miocene timm were w o c i a t ~ d  n-fth periods of deformation. 
When perioda of volcanimn and deformation coincicle lavw approach 
the surface more readily than at  other times and gain access to  the 
surface through the wenkened or broken crust of the earth. 

The deformation marked thc close of the Miocene epch mod- 
ifred the coast line of the pcnimula snd probably mised a greater 
lanri ares than the pment peninsula above sea level. This conclu- 
sion is b m d  upon the absence of Pliocene sediments, so far as now 
known, from the pcninsultl, which Ieads tn the inference thnt at l e d  
the present area of the peninsula was above water, and upon the 



drowned coast h e  indicated by the numerous and in many plrtcc~ 
fiordlike bays, wflich shows that tfrere FIRA been a recent dcpmssioe 
of the peninsula and therefore an advance of marine waters over por- 
tions of what had just previously been land. This depression may 
have tnken place just before, during, or after Pbistoccne time, but 
it undoubtedly came after post-Miocene erosion llad lwgun, and tha 
absence of Pliocene sediments suggeats that it was later than the 
Pliocene epoch. 

QUATRR1QARP TIHX. 

maciation.-During the Pl~istocene; epoch there were extensive 
vallq glnciem throughout this portion of Alaska, at least tta far to 
the southwest as Pavlof Bay. The im formed among the aurnmits of 
tha Aleutian Range at the heads of well developed valleys, and in 
the mo~amont of the resulting glaciers tomrd the Pacific Ocean or 
toward Rristol Bay the valleys were greatly deepened and broadened. 
The glnciers made the basin areas high among the mountains much 
broador, and in many areas left deposits of glacial drift. 

The i~lanris-most notably Unga Idand-have been greatly mod- 
ified by ice action, so far as they have been examhed. 17dleys have 
been broadened snd deepened, foothills reduced in elevation, and 
lowlands mantled with morainic deposits. The glacial geoloo of the 
region is fully diwussed an pages 84 to 91. 

Recent g~orlogic histoy.75ince the retreat of the ice the w r i t e  of 
weathering have renewed tba work of disintegration on d uncovered 
~urfaces. Stresma have carried t.he fragmental rntaterid rasdtiq 
from the processes of tbls disintegration to lower levels, spreading 
some of it over the bottom lands in the valleys and depositing same 
at the h&s of bays and along the outer m~sta. The waves, under- 
tow, and shore currents hnvp cooperat4 to modify the coast lines. 
Erosion has been in progress at some places but at other points 
deposition has predominated. The rnoderh shore-line features, which 
will be described more fully later, have been developed as a resdt of 
tbesa various processes. Since the retreat of the ice the sea has 
withdrawn from some of the lower lands borderiw the coast, so that 
the former shorn line b about 100 feet above the present mean-tide 
level. LocaLly volcmit: activity hm continued. 

In w o r k  out the physical history of a province no  harp lint, can 
be dram between geologic and physiographic studies even for my 
one region, much less for diflercnt regions or for different portions of 
any large province. The physiographic history of a region comprises 

9005rl"-Bu11. m-114 
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only the later chapten of the geologic history; but field-observations 
and field methods of work in physiographic studies may differ some- 
what from the observations m d a  and the mA-thoda used in working 
out the earlier geologic hhtery. In physiographic studios special 
attention is given to the present forms of the ianrl, ta the topography, 
to the relation of topographic forms to  geologic structure, am1 to tho 
merent kinds of rocks, and to the broad topograpIiic relations of 
different land forms. Physiographic etudy also involves a careful 
examination of all recent dopoaits. Tho uncoawsolidated sediments 
may contain in their materials, their forms, and their topographic 
relations the record of the moat recent happenings in that region. 
When the evolution of the present land forms has benn fully worked 
out the l a t ~ r  geolofic history of the region  ha^^ been determinerl. 

EOCENE 8ED-NTATIOR ANTI 'PHE G B O m  OF T m  AXEUTIblO 
RANGE. 

me present distribution of the Kenai formation makes it evicl~nt 
that Eocene sedimentation was widaspread in tho Alaska Peninsuln, 
and it is undoubtedly true that this formation was formerly mora 
widespread m d  more continuous than it is to-day. The naturo of 
the sediments and the life record in them rocks show that the deposits 
were made alternately from shallow marine water and from marshes 
during the early and middle portiom of the pariod. Local voIcanoes 
existed in early Eocane time and tow& the clom of the period, nrld 
numerous centers of active volcanic action were amociated with s 
general omgraphic movement. Graat m w e s  of lava were thrust 
into, and in soma pItrcea through, the Eocene sediments, and vast 
quantities of fragmental materials were scttttered over portions of 
the area. 

The volcanic aotivitios of this period were attended by a general 
deformation of the ~trata and by the uplift of tho Aleutian Range of 
mountama. Earlier mountain ranges may ham existed in this pars 
tion of Asska. Mnuntdns may have been formed during Mesozoic 
times in the northeast portion of the peninsula, but if thew earlier 
mountains were thus formed, they were probably Inrgely removed by 
the close of Eocene time. The first and probably the gma,test period 
of growth of the modern Aleutian Mountains came near the  close of 
Eocene or at the beginning of Miocene time. The general outline 
and major physiographic features of the Alaska Peninsula were then 
much the Bame L ~ S  t h q  are to-day. 

me rocks that f o m d  the land surface that was uplifted m t  the 
h e  indicated may not anywhere exist t~-day. So far EM the region 
bss been e x w e d  no portiog of that surfme been mognized; 



on the contrary, there is 8bundant ovfdenco that v a t  quantities of 
rock, in some places t11ouvanrIs of feat thick, have been removed. 
Disintegration began when the hnd rose abovo the sea and the winds 
and streams undertook thnir work of c~rrying t~he loosened material 
to  the sm. Ocean waves attacked the margin of the new land, cut- 
ting away tho softer and more exposed portions, while the undertow 
and shore currents abiftcd tho loosened material to favorable sites for 
deposition. The sediments deposited during th i s  period contain the 
records of Miocene mwine life. These sediments, so far as is hown. 
are limited to  ma11 bayIike arm at the margins of the peninsula or 
near the shoro of the neighboring idands; indeed, they have been 
found only in t l ~ a  western part of the peninsula, in the vicinity of 
Balboa and I-Ierendeen bays and on the islands of the Shu-in 
group. It appears, therefore, that the northeastern part of the 
peninsula was ,somewhat larger during Miocene time than now, and 
that a Eaqe part, of the sediments of Miocene age now lie on the sea 
bottom, pcrhap~ same distance beyond the present margin of the land. 

IIow far this process of erosion succeeded in reducing the land 
during Miocene time is as yet uncertain. No doubt the land stood 
much lower, relative to  the sea, than it does to-day, for Miocene sedi- 
ment~ of marine origin b e  been found fully 1,000 feet above sea 
level in nearly horizontal positions. At these localities the summits 
in the central portion of the range are from 2,000 to 3,000 feet above 
sea level. There is a striking correspondence of summit levels over 
lave areas of the Aleutian Range (PI. XI, B )  and it is quite possible 
that these summits are portions of a deformed peneplain of late 
Miocene age. 

At the close of the Miocene there was sn orographic movement 
which brought portions of the sea bottom wt of the water m d  tilted 
or gently folded the LXocene and dl older sediments, The movement 
at t k  time was not sa great as that at the dose of the Eocena. 
Miocene sediments were elevated at least 1,000 feet, and tho main 
arch of the Aeutiaa Range wrrs upliifted. Mawind cross fold in^ 
probably d&ed at this time the location of the chief or larger intlm- 
tdions of the coast and the, distribution of some of the smaller islands 
neighboring the peninsula. 

With the uplift of the lands the streams Began working to s new 
btnse level. Where new lands rose at the margins of the peninsula 
the streams were forced ta extend their coussea to the new coast linc. 
This period of erosion bas continued, except for local interruptions 
due to volcanism, glaci&tion, or slxght cbangea in the elevation oC 



-the land, to the present time. The sculpturing of the main mountain 
range, begun at tho cloae of the Eocene time and bmught ~ i b l y  to 
a peneplain stage By the close of Miocene, was renewed. Great val- 
leys wero located and were deepened, broadened, and lengthened as 
tima went on. Tha mountain maw- became more sharply defmed, 
and the int.emening ridges were left narrower. Wen  the land rose 
at the close of Miocene time the waves and shore currents began 
work st a new h o r i ~ ~ n .  Wearing was in p r o p s  at some places and 
building at other points. The main physiographic features were 
mugw outIined at this time, but their forms have been greatly 
modified by glaciation and lator erosions] and i~a~osition work. 

GEXEIML EFFECTS. 

The PIeistocsne gIeci~tion, which ie only one ch~pter in the long 
history of degradation and aggradation that ritttes back to the close 
of Miocene time, has produced tho present g ~ n ~ r n l  form and the details 
of many of the morn important physiographic features in this part of 
Alasb .  In those parts of the peninsula thnt have been studied in 
detail thore is evidence of glaciation from tlia crmt of the range t o  the 
shoro lines, both to the northwsst and southeast. The glaciers formed 
among the summits of the Aleutian Ranpi? and wero guideti in their 

, movements by the preglacia1 erwion linw, the ice dorrning near the 
crost of the range advancing down the vnlleps. The glaciers resched 
the see, on the Pacific Ocean side find must have yielded vast numbers 
of imbergs. To the northwest the ice deplopd on the lowlands at 
the base of the mountains and there former1 great piedmont glaciers 
that a d m &  nearly or quite to the margin of Bering Sea. 

Among the summits of the range the work of the ice is recorded in 
the gr& amphitheatrical cirques and in the shnrponed peaks and 
dirides. The valleys ham been changed from the V-shaped depres- 
siom characteristic of youthful stream-made canyons to broad apen 
~ + h a ~ e d  troughs. In the northeastern portion of the peninsula the 
four large lakes-KuksHek, Naknek, Becharof, and Ugashik-pmh- 
ably owe their present depth and outline, if not thoir existence, to ice 
gouging. With the exception of Ugmhik Lake, they lie in valley 
caulses leading from the mountain peaks to  the shore of Bristol Bay. 
The longor dimension of ugashik Lake is approximately parallel to 
the axis of the peninsula, and it is unlikely that glaciers moved in t h ~ t  
direction ; but the ice in passing acrosrz the basin muat have deepened 
and broadened the area now occupied by the lake. The narrow 
tongues of ice which filled the well-defined valleys t o  the s e ~  so exca- 
vated those depressions that upon the retreat of the ice the sea - 

, invaded the land areas (PI. VIX; p, 42) in long, narrow bay8 or fiords. 



Bare m k  surfrrces on the canyon walls have been polished and stri- 
ated, and mck surface3 bordering the b ~ y s  in the lowland areas show 
the usual marks of glacial near, sueh'as st&, p v w ,  and polislung. 

Much of tho material gnthercd by the ice was deposited offshore 
or cnrrid out to sea by icebergs; but a portion of the material was 
deposited on the present lands of the peninsula. The glacial drift 
is most e h m i v e  on the lowlands of the northwest side of the penin- 
sula. There the deposits, so far as they have been examined, mantle 
the lowland araa and give to it a topography simil~r to that of the 
glaciated portions of the upper Miasissippi Valley. The moraines 
h n ~ e  the characteristic hummocky fnrm, with smd1 knobs and shallow 
depressions. Water has sccumulatod in many of the depressions, so 
that this portion of the peninsula hns numarsus small lakes and mrrny 
swampa or marshes which record the former existence of lakes or 
ponds. In the mountain valleys the ice succeeded in removing most 
of the loose material and in crt-g it ta the sea; but on the retreat 
of the gl;~~cicw small areas of drift were left, as lateral moraines, medial 
morainw, or in a thin scattering of bowlders. The glacinl geology of 
those portions of the peninsula that have k n  studied in detail d l  
be given below. 

QLACIATION OF UNGA IETAND. 

The islnnd of Unga wss almost cornplateIp covered by dncinl ice 
drlring the Pleistocene epoch. This ice formetl in the catchmefit 
areas among the higher peaks of the central portion of the island and 
moved seaward, guided in its direction during the earlier stages of 
it8 movement by the main drainage lines of Ihc island. Am the snow8 
became thicker and the quantity of ice proportionately larger, it 
appesrs fmm the distribution of glacial deposits and rn>arkinp that 
the ice covered all but the higher peaks and moved in n aolriewhat 
mtlinl wiy from the central portion of the island. 

The glacial drift consists of intermingled bowlrlers nrid fine materials 
that have been deposited without having b ~ ~ n  assorted. The rlfs- 
tribution of these deposits is indicated on Plate VIII (p. 42). Very 
little glacial ddbris occurr; in the higher portiona of tho island, for tho 
ice RS it moved out from the centrd podion of tho islnnd  wept dong 
with it nII the available Ioose material and did somo weemring anrl 
smoothing of the rock surf-. In the main valloy weat of Ungrt 
Harbor where the Apollo and Sitka mines are located there nre eon- 
sitleroble quantities of glacial drift, part of which is left on the ~ n l -  
lay walls as Inter81 morajnes and part of which is deposited on the 
valley bottom as ground moraines. At the head of Coal lIarbor arc 
other patches of glacial drift of sufficient extent to  be shown on the 
map. In the west central portion of the isIand there is a consider- 
able quantity of glacial drift of characteristic row topography in 



which are several undrained depmsioes containing water. A ridge 
capped throughout the greater portion of its length with glacial drift 
extends about 5 miles in a general wwterly direction in tb portion 
of the island. The location and form of this deposit indicate that 
the ice which fornied it .mot.ed in a general westerly direction from 
the canter of the mountain district and that the surface of the ice 
must have been only a few hundred feet halow the summits of the 
highest paka in the island. Numerous minor deposita of glacial 
drift, of too slight extent to be mapped but of sufficient extent to 
block drainage and to form numerous small letkeg and ponds, occur 
in the southwest part of the island, The northwest and northeast 
peninsulas of the island are Iowlands, over which is distributed a 
mmtla of glacial drift in placm at Ieast 40 feet thick. This drift 
deposit has the c.hrtracteristio rolling topography of moraine on low- 
land areas and is dotted among the hilh or mounds with n u m e ~ u s  
depressions which save  as the beds of' small lakes. These depres- 
sions are much more numerow than the topographic map indicates. 
The location and distribution of these deposih, wlzich exhend nearly 
or quits to the modern semhore across lowland areas, show that 
during the stage of maximum glaciation there was a amaIl ice c%p 
on this isltand. 

The erosional work of'hhe ice baa modified the summit region by 
brondening nnd deepening the great catchment arms or cirqueq, the 
larger vdleys, and, presumably, the inlets or bays which now indent 
the coast of the island. The bays have probably been lengthened as 
well. Thus the harbor at Unga (Pl. XI, A, p.  863 owes its origin, 
in part at least, t o  the gouging by the ice which moved along its 
ccsurse and presumably ended as the "live glacis-" of southeastern 
Alaska end to-day. Baralof, or Squaw Harbor, the inlet nex$ north 
from the village of Unga, was also deepened, widened, and length- 
ened by ice action. The great U-shaped troughs at the head of this 
inlet contained ice more than 1,000 feet thick. T h e  streams of ice 
from those troughs united nem the head of the present harbor, 
moved eastward through the harbor trough, ~ n d  must have ended 
as a live glacier near the present harbor entrance. Con1 Harbor grob- 
ably contained a very considerable glacier. The great troughs at 
the bend of this idet contained gIaciem at least 1,000 feet thick that 
probably advanced nearly as far north as the island extends. The 
smdl island in the midst of Coal Harbor is so rounded as to suggest 
that  the ice passed over and about it during the glacial period. 

The evidence of the erosional work of the -ice includw all those fett- 
tures common to mountainous regions that have been glaciated and, 
also, in the modXcntions of the coast, the deepening of fiord-like 
inlets such as chwacterize most glaciated mcky coasts. 
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The glacial drift of Unga Island varies p a t l y  in its composition 
from place to place. Examination of the geoIogic map (PI. VIII, 
p. 42) will explain the djfEarences in the constitution of the drift, for 
the variety of igneous and sedimentary rocks that outcrop in the 
island readily accounts for the variety of stones found in the drift. 
Most of the stones in the materia1 of the glwial deposits are less than 
a foot in diameter. Tibe fine material consists of coarse sands and 
grmels h i v e d  from disinbgration of cryst d i n e  roclrs OP from wear- 
ing of sedimentary formations, and of clay originating in the most 
thoroughly decornposett portions of the igneous rocks, or in the par- 
tially consolidated Tertiary beds. The actual amount of glacial drift 
in the mountainous portion of the 'island is ve~y small, a condition 
consistent with these in many other mountainous meas that have 
been glaciated. Tha ice cap of Unga and the distinct  alley glaciers . 
that chmacterixed the early and late stages of glaciation in the 
island must have carried vast quantities of ddbris to the sea. 

The present vdej-s are the upper portions of the former glacier 
coursm, and in these upper courses deposition is not usually con- 
spicuous. Alpine g1:laciers commonly scour out the heads of the ~ a l -  
leys and carry the loo'se material gathered in the process to the 
maximum position of the ice advance. Here the glacial material 
wm carried to the sea and distributed bp the waves, currents, ancl 
icebergs orer the sera bottom. 

No evidence of distinct glacid epochs was seen in this island or, 
indeed, in any of the places studied in southwestern Alaska. The 
ice presumably left the higher mountainous area much later thm it 
left certain of the lower or southern mountain ranges in the Western 
States or the areas occupied by the continental ice sheet. 

GLACIATION OF POPOF ISLBND. 

Popof IsIand is just emt of Unga Island. A sufficient mantle of 
glacial dr i f t  remains in the northwestern corner, the part visikd by 
the writer, to indicate that ice probably covered the greater part of 
the island during the Pleistocene epoch. Small lakes and ponds are 
not uncommon in the island, and the cleprewions in which they lie 
are probably due to the irregular distribution of morainic. materid 

GLACLATION OF THE BALBQA-HERENDEEN RAY DISTRICT. 

Much of this portion of the Alaska Peninsula was covered by ice 
during the Pleistocene epoch and t.he glsciem presumably did not 
have the higher mountain areas until long after the ice had left the 
interior of the continent. Evidences of glaciation in this region 
appear in the. great cirques or catchment areas, hhe broad, open, 
U-shaped canyons, the fiords, or bay-like inlets, the smooth, striated, 



and polished sudacas of bed rock, and the characteristic glacial 
depwih, which are somewhat widely though irregularly distributed 
in the region. 
The ice farmed among tho sumrnita of the Aleutian Mountains and 

is its movements was directed by the drsinage lines which existed in 
preglrtcid tima, Those drainagn lines were deepened and bro~dened ; 
the present U-shaped form of the valleys is interpreted m of glacial 
origin, and the amphitheatral catchment bwintl at the he& of the 
canyom owe their present form chiefly to ice action. The higher 
summits may have risen as nunatah above the ice during t,he maxi- 
mum extent of g;laciation. The passes and all the great vdIeVvs were 
occupied-by the placim, md the lowland m a s ,  wherever they lrwe 
been examined, were formerly overridden by ice. Tkis region, during 
the glacial period, was, pmumablp, a great m h  of snow and ice, 
extending to tidal wakw on either side af the peninsula. Above the 
snam of tho catchment area a few dark specks may haye appeared 
where Iho higher peak protruded above the white mantle. The 
glaciation was not of a mild form. The catchment areas show signs 
of inkn.is ice action, md the broad, opeq, U2haped troughs are 
evidence of vigornus erosion by the ice, The indented coast line of 
this portion of the peninsula is accounted f o ~  in part, at least, by the 
intense gl aciat'ion which has afiected the region. It is fair to assume 
that the bays and various inlets were dep&ons, presumably drain- 
age lines, in preglacial t h e ,  but their present extent and outlines 
were notably changed by the glaciers. The r n a r b g s  on the polished 
and striated rock surfaces that occm at vwious places within this 
area indicate the direction of ice movement at each place. The 
strim m in general parallel to the stream courses and indicate that 
the movement of the ice was controlled by the preglacial topography. 
Striated surfaces a few feet above sea level on the shares of RaIhoa 
Bay. make it evident that h e  ice occupied at least the head of dlat 
inlet and that the action near the coast waa pigopous. 

The glacial depmih consist of h g u l m  patches of morainic rn~terid 
lodged on the valley s l o p  as lateral morhes  or at the junctions of 
valleys es medial moraines. Some of tlze patches mapped cover the 
fowlan& or floors of the valleys find should pcrhapa be classed as 
ground moraines. The valley w& am commonly too stgep Go have 
allowed the lodgment of any considerable quantities of drift on them, 

i 
and t.he only areas in this district where drift deposits ara e x h i v e  
are nem the head of Port Mollor, in the vicinity of Point Divide, and 
on the blslands still farther northwest. (See PI. VIII, p. 42.) 

me drift deposits about 1 mila west from the hoad of Balboa 
Bay are distributed as lateral and mdial moraines. These deposib 
a p F r  as rid- 20 to 60 feet high on the lower slopes of the valley, 
and as slightlp larger forms where two lateral moraines have joined - 



to form a medid moraine. R l e  surfaces of the morainic r i d p  are 
strewn with bowlders, and the esposecl sections exhibit the struc- 
tureIess nature of the rlcpnsit. .Most of the sDones are aubangulm 
and many of h e m  are strinted. 

The glacid drift near Point .Divide and at the head of Port 3faIler 
forms a mantle on the lowlands and gires to the surface a gently 
rolling top,"raphy characteristic of ground moraines. F ~ p u r e s  in 
the drift may be seen along the shores of the bay and in some of the 
stream cuttings, md in these pxposurcs tha material haa the char- 
acteristic phpical and Iithologic hettmgeneity of glacial deposits. 
The surface of the moraine is clothed with a thick tundra growth 
which obscures the rock material and softens the contour of the 
drift hills. 

The most extensive glacial drift deposib in the Balboa-Hemndeen 
Bay region cover the lowland area extending from the base of the 
rnnuntnins northwest to the modern beach deposits of the Bering 
Sea sllore. Exposures along the bench near Paint D i d o  show that 
this drift mantle is at least 40 feet thick in places. Tho material in 
this part of the Alaska Peninsula resembl~ the glacial debrig dmady 
dmascribed, and its topography is not d i k s  that of other lowland 
m a a  that h ~ v e  been covered by -$rift. The surface of the rnorrtino 
is charncterized by undmined deptessions and low hills, which gives 
the l ~ n r l  rl gently rolling topograplly. In many of the unhained 
deprmsiom there w e  ponds or small lakes. 
The nearer of the low isltmds beyond t,he mainland of the p e n h l s  

are known to be mantled w+ith glacial drift. These blands rise 30 
or 40 ieet above tho water. The outer islands, which were seen only 
from a distance, may bc compos~d in part of glacial material, but 
as the lands have risen at  ]past 100 feet s h e  the  retreat of the gla- 
ciers the outer islantls arc probably mmhed with recent shore line 
alluvium. White rclsidenk of this cornst report extensive s m d  dune 
meas along the outer beach. 

The gla'cid deposih near tho head of Herendeen Bay am lodged 
in place9 uhvorable for removal by erosion.  the^ cover small 
nreas in the lower portions af glaciated valleys and appear in form 
and in topograpllic relations to be only remnants of lateral or medid 
moraines. 

The drift in this region consists of uns tra tified bowlder clays. The 
stonea differ greatly in different places, ant1 includ~ a wide range of 
sodimentary formations, together with a considerable amount of 
igneous materiaI. The sizes of the stones range up to at least 6 feet 
in tliamter. The variety of this material is readily accounted for by 
the di~tnbution of the many varieties of rock formations withiu tbe 
area. 



No evidence of distinct glacial epochs is found in this region. The 
ice of the most recent epoch, if, indeed, earlier glaciem ever occupier2 
these vdlep, apparently moved down the main valleys beyond the 
present shore lines and obliterated the record of the former wcu- 
p&"cy. 

lrr t.he Chignik Bay region of the Alaka Paninsula, the cen trnl and 
highor peaks reach elevations bet.ween 2,M)O and 3,000 feet. Tbe 
snows lodged and ice formed in the large catchment areas among the 
summih during the giacid period, and fmm thme bmhs the ice 
moved in R generd w a ~  sou theas t toward the Pacific Ocean, nnd norlh- 
west toward Bering Sea. Mo~ement of the glaciers while the ice 
uccumuIated and during the earlier stages d glwiation wae con- 
trollad l>y the  location of the main drainage linm of  the region. Later 
tho ice became more exltensive m d  overrode many of the in ter-vuIlrv 
mom. The nort,hwest bme of the mountains was not seen in this 
district, but records left by piedmont glaciers may be anticipatad 
for that region. 

The cleaned-out condition in the basin region indicate4 very vigor- 
ous ice acidon, and the scarcity of loose material of poatglacid origin 
may mean that the ice has but recenty left these mountains. The 
large v&lleys leading R W R ~  from the catchment areas are bmacl, 
open, U-sbaped troughs. The chain of Iakes c m i n g  t.he peninsula 
fmm tho 11cad of Cl~ignik Lagoon appeam to owe its origin partly to 
ice gouging and partly to the deposition of glaeid d6bris. The tlracl 
of Chignik Bay anti the whole of Chignik Lagoon, Anchorage Bay 
(PI. XI, B, p. 88), Mud Bay, and the various inlets south of Castlo 
Cape were undoubtcrlly deepened md broadened by ice ttction. 
I-look Ray, farther north, was in p& formed by the action of glwier 
ice. 

Deposition by the glaciem wss chiefly on the lowlands bordering 
the Pacific and Bering Sea sides. Descriptions given by travelem 
to the vn5ter indicate that the lowlands northwest of the mountih 
r a n g  must be mantIed by glacial drift. The lowlands in the imme- 
diate vicinity of Chig-nik Bay contain irregular ppateh~s of glaci~l 
drift, as do also the lii'tluides, where the slope is not h o  steep to pr* 
vent the lodgment of drift. 

Glacial drift has been indicated on the geologic: map IP1. WI, 
p. 40) where such rnnterial mantIes and obscures the underlying 
formations. Two small areas of morainic deposits shown an the 
map near the lower end of Chignik Lake lie in t,Ile conme of a former 
glarier that mttd have moved eastward from the mount& west of 
alignik Lake through the lrtke b k n ,  down the h g m k  River valley 
into mgnik Lagoon, and possibly into Chignik Bay. Scattered 



remn&nta of the morainic tlapmits of this glarier 15-ere seen at several 
points, but in only a few nmRs were the deposits of sufficient extent 
ta be properly represented unlma a larger scale map was prepwed. 
Along the shores of Chipik  Lagoon there are, at a few points, good 
eposurm in morainic deposits. Lnrge and smnll bowlders me inter- 
mingled with clap, sanils, and pnvels, Tho matexiaE is unstratified, 
and fippears to be just a9 it was depositotl hy the melting of the ice. 
Many of the larger stones aro subangtllar in form and tlr~ir surfaces 
are not uncommonly striated. The larger area of moraine covered 
countzy south of Chgnik L ~ g o o n  and now tthc low pass to the head 
of Kuiukta Bay hrts a glacial bopopaplly motiifird but slightly by 
post glrtcial stream erosion. The scattor~d patchcs of glttcjal drift 
near ;the northwest shore of Chignik J3~p are rcgartled ns mpre rpm- 
nants of moraina that probably rnanttctl much at this pierlmont arm. 

As yet no indications of distinct glacial epochs in the C h i p i k  13ay 
region have been seen. The ice of tl-ie Recent glacial epoch apppars 
to have advanced on tho Pucifific Ocean side to tide ~atttm, ant1 such ' 

ice would in all probability have removect all evidence of any previous 
glacial epoch. 

RETREAT OF THE rCE. 

When the climate becamp ~~-~rrnes,  Iess snow was precipitated and 
the glwiem began to  retrcn t. There was no backward movement, 
but the melting was in e x c ~ s s  of the onward movement, ant1 accord- 
ingly the margin of the ice came to be farther and farther from the 
~horo. The lrtst remnants of the glaciers were therefore in the basins 
whem the hf icefomed. Theglaeiersstill remainingin the north- 
eastern portion of the peninsula tlre the shrunken remnants of the 
ice that occupied the p a t  valleys in that region during the Pleisto- 
cene epoch. 

A3 the ice rsbreahd st.renms issued from beneath the ice and dis- 
tributed C I D ~  the valleys from the ma-s of the glaciecs vast 
quantitim of sands, pve l s ,  and clap, and par,tIy refilled the troughs 
that the glaeiem had deepened. At t.his time the lands shod at least 
I00 ieet lower than they do b d a y ,  and much of the material dqos- 
itcd l>y the ice or waslsd from beneath the  glaciers by streams wm 
deposited in watar. As the ice tongues became shorter the fiords 
became longer, and when at last the ice had left the lower portions of 
the v a l l e ~  m d  retreatmd tho catdirnent basins waterways reached 
wctl into tho centml portion of thn peninsula. In the Chgnik Bay 
re~ion there must have been a continuous water route from the 
Pacific Ocean to Bering See. 
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POST-PIZISTQQEXE EROSION. 

Since the close of Pleistocene time the lands have been subject to 
the work of streams and to dl those process& tending toward the 
disintegration of rocks and t o  their removal to the sea, Winds, 
rains, c h q m  in temperature, and frost sction have been loosening 
and comminuting alI rocks exposed to the 'atmosphere. Water 
beneath the surface has assisted in weakening the rocks by taking 
up their soluble salts, and has thus indirectly hastened their journey 
to tho sea. Erosional wind work is not v e v  noticeable, but deposi- 
tional work by the w d s  has built up numerous small dunes at various 
places on U q a  Island and on the mainland to the north. Dune 
forms will undoubtedly be found at various places dong the Bristol 
Bay side of the peninanla. 

Some talua has accumdatd among the higher pe& in the gene~d 
degradation of the lands, nnd where ~onditions were favorable land- 
slides h a ~ e  taken p l m .  Sevexal considerable arem owe their to- 
pography to landslide blocks or mmes that have moved from some 
borderinz cliff. 

The glnciers at the northeast are active &gents of erosion, for they 
we undoubtedly lowekg tbe valley bottoms over which they move, 
broadening and deepening the basin8 near the summih, md pinding 
much of the material carried near the base of the ice knto finer and 
finer particles. This northeastern part of the paninsula is now under- 
going a glacial period. 

Streams have mnewed their work af wearing and of carrying loose 
material to the sea. Some rivers are still engaged in removing the 
glacial debris left in their courses; other rivem, that have h d  little 
morainic material ~LI handle, have cut narrow gorges in the rock at 
the bottom of the canyons. At the heds of all of the lwger bsya 
the waste brought down by the streams has heIped to extend the 
lmcls. Deltas havebeenbuilt out into the bap, and arestill in the 
process of growth. 

MODERR SHORE m a .  

The Pacific Ocean side of the Alaska, Peninsula p w n t c  a bold, 
rugged coast, bordered at many pointa by stoep cliffs, and indented 
by fiordlike inleta separated from each other by hedands of most 
ruggetl and fantastic features. The smder  islands bordering the 
coast appear in places to be continuations of the headlands, separated 
from them by wave erosion. The larger islands, natably the Silo- 
m d n  g o u p  and the Sannak Islmds, am chiefly of volcanic origin 
and appear to have been tmhroughout their history distinct from the 
mainland of t.he peninsula. The shore line feat- include sea cliirs, 
overhanging ledges, arch rocks, sea cave, rock pillm, balanced 
mcb (Ph. V, p. 38; IX, B, p. 62; end XIQ and, at the heads of 





many baya and inlets, sand barn, hooks, spits, barrier beach-, 
lmd-tied islands (Bls. IV, B, p. 12; SXII,A, p. 108; frgs. 11; 12; 16, 
p. 107; and 18, p. 129) or bayhead deltgs. The activities along t he  
Pac& coast appear to be chiefly those of erosion, and amount of 
share ling deposition ia almost insidicant.  

The lrtrger features of the coast, the bolt1 hedlanb,  the beys, and 
the  fiord^, rrro explained in part by glacial pu&g and in pad by 
men6 sinking of the land. The sea cliffs, overhanging ledges, arch 
-bl C & V ~ S ,  and rock pillars are tlue to the erosional work of 
the ~ [ I P W ,  which are active along a w n e  that extentl.cr n little below 

levpl R little above spn level. Rock rntxterid is loosened and 
broken &long that, horizontal zon~, ant1 the rrsril t8iri5 fraglnentnl 
materid is carried away 
by the undertow and cur- 
rents. Undermining re- 
~ u l e  and sea caves with 
overhanging l c d p ~  of 
rock come into exist- 
ence. In narrow pro- 
jecting pohta sea cavea 
may so develop that arch 
rocks ma left. In time 
incro~c40i.l undercutting 
cau~ea the overhanging 
rock to faH, and the sea 
cliff retreats. When such 
work is propsing rap- 
idly, the shore line iea- 
turn are rugged and signs 
of active changa are rnoltr kh?l-n~ 10 feet 
abundRnt. Tho sea br P'IoWE 1 1 . 4 k ~ " h  m p  01 sbortlhtureg WUth etltTBMl 

to narnloi Hnrbor, Unga Island. 
races referred ta on the 
mainland coast and new the margin of Unga Island (FZ. X, A, p. 
70) record wave work when the sea stood higher relative to the 
land areas. Such terrme=i map not ham been developed all along 
the comb, or they may have becn destroyed by subacquent waTe 
action at  many places where they formerly exjstcd. 

The lands are low and the waters shallow along the Bristol Bay 
margin of the p e n h u h  The waves strike the hottom long before 
t h ~ y  roach the coast, and inshttd of doing mnch ~ r o i o n a l  work 
thoy are c M y  aetive in the deposition of beach materib. Low 
sea cliffs am rereported near the head of Brisltol Bay, but southwest 
of that point sand and gravel bemhea, sand reefs, s m d  islands, 
md oflshore bars characterize the coast. The waves, undertow, 
aad ahore line currents are engaged. in shifting the loose makrials 
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frani place tro p I m .  The fow large bays an this side are d m  in part 
to sinking and in part to ice gouging, as were the main inlet9 on Ithe 
Pacific Ocean sida. 

The configuration of the coarrt h e  of the peninsula indicates t h ~ t  
in relatively recent geologic time this land area has been somewhat 
depressed. The p a t  bays and fiords (lo not appenr to be due 
entirely to glacial erosion, nor can all the ielmds that continue sea- 

' 

ward from tho headlands be explained by g.lacia1 erosion or shore- 
line nct i~t ics .  A slight depmnion sf the land would amount most 

eimply for these features. 
The sea terraces that now 
lie 100 feet above the 
mean tide level, and the 
alluvial flats that extend 
upstream to an ol~vntion 
of about 100 feet in the 
larger valleys indicate 
that the lands recently 
stood somewhat lower and 
have since been uplifted. 
Tho amount of uplift has 
not beon equal ta the 
amount of Sepression, and 
as a consequence the 
coasts dill retain featurm 
due to partial drowning. 

contour interval 10 feet Whether this depression 
came a little before, con- 

Shore deposits temporttmous with, or II 
FYr.ms I2.-9ttEb map d shore latares near nwth satraam little after, gIwiation can 

le Bainld Earbr. Vnga Island. not be positively asserted. 
The sea temes, however, contain some worked-over glacial drift 
upon their surfaces that may have been deposited offshorn during 
the period of maximum glaciation or later. The alluvial deposits 
which extend far into the peninsula, (Ph. VI, in pocket; FII, 
p. 40; and VIII, p, 42) suggest the former existence of long bays, 
mmy of which were bordered by high mountains and must havs 
been like the present fiords of Nomay and Sweden. Since the 
retreat of the ice and the more recent uplift of the land which 
brought the sea terraces and the upper portiom of the fiords above 
water, erosion by streams, waves, and shore-line current9 has been 
renew~d, at a new horizon. The streazna have t&en up the work, 
left by -the gkiem, of c e  tbe materials of the lwd -Fo the sea; 



the wav- me actudly engaged in modifying the comt; the winds 
m assisting in redistributing louse material; and the agents of 
weathering are doing their part in the general disintegration of 
exposed rocks. 

SUMMARY OF LATE GEOLOGIC HISTORY. 

Toward the close of Eocene time an orographic movement disturbed 
Alaska Peninsula and defmed the present chain of the Aleutian Range. 
Erosion began with the growth of the mountain, and continued 
through Miocene time. While erosion mas in progress on the land, 
Miocene sediments were being deposited about the shores, so that 
during the period of erosion, the  mountain area was reduced to a Iand 
of much less relief than the present, and perhaps t o  a peneplttin. At 
the closre of Miocene time a renewal of mountain gmwth brought about 
s, rsjuvenation of the streams and opened a new cycle of e~osion, which 
wntinued during the Pliocene epoch. By the opening of the Pleisto- 
cene epoch khe valleys thus eroded probably reached nearly to the 
crest line of the range. Ice formed among the summits and advanced 
on either side of the peninsula to sea level. The land probably stood 
higher during the Pliocene epoch than it does a t  present, but during 
Pleistocene time it appeam to have been somewhat lower than it is 
to-day. A slight upward movement of the land and a renewal of 
stream erosion followed the retreat of the ice and the disappearance 
of glaciem from the greater part of the peninsula. me coast which 
now presents so many remarkably interesting features has been pm- 
foundly affected by each psriod of mountain growth, by glaciation, 
md by recent changes in the 1eveI of the land relative to sea level. 

MINERAL RESOURCES. 

DISTRXBUTXON OF =OWN MINEBAL RESOURCES. 

The known mineral wealth of southwestern Alaska consists of coal, 
petroleum, gold, and copper. The general distributien of these 
depo~lits is &own or, Phte VI. The important coal fields are near 
Chignik Bay and near Herendeen Bay. Liess important dep0sit.s of 
coal and lignite h a ~ e  been found in U n g  Island and at  a few places in 
Alaska Peninsula. Near k ~ a l i k  Harbor DalE ' noted an 18-inch bed J 
occurring in a sandstone and conglomerate series 250 feet thick. 
Stone a described a section at this same locality made up of sandstones 
and h e  conglomerates, with some shales, in which occurs a 5-foot 
bed of coal, and made reference dao t o  less well-authenticated 
~ccounts of the occurrence of coal at Ugrtshik Lake and Aniakchak 
Bay. 

-. . - -- 
1~~,w.rr.,~~~~t%ol~ka..~tewth~nn.~t.v.s.~sol.a~,pt.1,1m,pm. 
a 8bone, R. W., COB! in ~ ~ w W t m + J w b :  BuL U, 4, Owl. ~~ No. %9* 1P05,p. 181. 
*Iderm,ppm-183. 
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The h t  ma1 mining undertaken by Americana in this portion of 
Alaska was begun in 1882 at Coal I-Itarbor. Previous to that time the 
Russians had taken out some coal from, tho same field. Work ww 
begun on the coal at Herendeen nay in 1880, but no shipments were 
made unt3 1890. Coal WAS discovered on Chignik River in 1885, and 
mining bgm at that locality in 1893. 

The oil seepages occur in the vicinity of CoId Bay. Placer gold has 
h e n  found in paying quantities in the beach at the west margin of 
Popof Islmd just south of Sand Point. Soveral locetiom for gold 
have been made on Popof Island, and lode mining wrts conducted 
successfully on Unga Idand from 1891 to 1904. 

On the west shore of b p e c t  Bay, a small reentrant a few mil- 
west of Chignik Bay, there are evidences of copper, and on the eaat 
shore of Balboa Bay there is an abandoned copper pmpct,  

COAL. 

HERENDEEN B A T  GOAL FIXLD, 

Herendeen B B ~ ,  the western a m  of Port Moller, is on the northwmt 
sido of the Alaska Penhula at about 160° west longitude and 55" 30' 
north latitude. (See PI. VI, in pocket.) The head of the bay is near 
the central portion of the peninsula, and is only 8 milw from the head 
of Bnlho~ B R ~ ,  a reentrant on the Ptwific side. The portage from 
one of thme ba-p to the other is made by an excellent trail over a pass 
not more than 500 feet above sea level, which connects two broad, 
fl~t-hottomcd valleys. 

Cfently rounded hills and low mountains make up the topography of 
the coal field PI. 11, p. 12). The highest points are a little over 
2,400 feet in altitude, but the portions above 2,000 feet constitute 
but s m n l l  part of the ama. The largest valley is that of Coal Creek, 
which is located in the central portion of the field. This valley is a 
broad, open, flabbottomed trough leading northward through the 
coal field and westward to Herrrndeen Bay. The small valleys drain 
westward into Horendeen Bay and eastward into Port Moller. They 
are somewhat ruggat!, and travel is emier on the inter-valley ridges 
than thrduRh the gorges. 

The mean temperature ia about 48' F. in the summer season from 
June to  October. During the winter months, from October to May1 
the mean monthly temperature ranges from 13" F. to 3 9 O  F. The 
m u a l  precipitation during 1903, when records were kept at the 
Hemndeen Bay mine camp, was 46.22 inches. In the summer the 
number of clear days rangm from 5 to  10 a month. During the 3 
years from 1902 to ls(4, inclusive, there were 27 days when the mini- 
mgw temperature - M o w  zero and 4 days when the m a h u m  tern- 
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peraturn was below zero. Sfbe IItlrbor 
was frozen in the years fmnl 1002 t o  
1900, inclusive, during the. following 
periods : December I&, f 902, t o  Mns 6, 
1903; December 29, 1903, to Mny 26, 
1904; January 3,1905, to May 25,1905; 
January 15,1906, to March 17,190fi. 

In 1908 Hesencisen Ray could be 
reached by way of Bering Sea by pfi- 
vate means of trsnsportntian from 
Unalagka or ru'ushagnk. The more 
common mute is by replar stcnrner to 
Balboa Bay, and thence by trail across 5 
the peninsula to  the head of Hcmndcen 
Bay. 

The development work that has 6se.n 
done in thia Geld was described earlirr 
in this report (pp. 19-20). 

A- m m .  

The coal which has been opened and 
h now being developed is found in a 
B ~ R I ~  pcninsul~ brtwcen J-lemndeen 
B&y mrl the main or eastern a m  of 
Port Jloller. (See PI. VIII, p. 42.) 
Coal is expoaed st various BEocali ties 
wit,hin that aree, and coal- bearing for- 
matiom occupy at least 40 square miles. 
Some bede of lignite that outcrop on 
the western shorn of IIcrenrlmn Ray 
are reportoti to extend several miles to  
the west. Other beds of lignite ouL 
crop in, the mountain slopes east of the 
trail, to Bdboa Bay, in the central par- 
tion of the AIaska Peninsula. The " 
anal extent of the liiite-hearing beds 
iec several hundred square  miles, but the - 
lmom extent of lignite seam that may 
aver prove to be of economic impor- 
tance is something less than 10 square 
milea. 

mOU)oY. 

BTRATIGRbPHY. 

The bituminous coat in the Heen- 
deen Bay field occurs only in the Chig- 
nik formation. !Phis formation is of 
Upper Cretaceous age. It rest& upon 

m O - B u l L  467-ll-7' 
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Zower Cretaceous mcka, 
and is ovsrIain by Eocene 
beds (fqa. 13 and 14). A 
p a t  faund break is indi- 
cated by the paleontologlo 
material obtained from 
the Lower Cretaceous and 
Upper Cretaceous rocka of 
this region, and unconfom- 
ity may &t at  the base 
of the C?hibpik formation. 
Such unconformity is not - 
apparent within the coal 
field, howmer- The relw 
tiomhip of the -Eocene 
(Kenni formation) to the 
Chi@ formation is that 
of c-onformi ty. 

The lignite-bearing beds 
of this fieId are of Eooene 
age, and belong to the 
XCcnai fornation. n e y  
rest conformably upon the 
Cl~ignik formation (Upper 
Cretaceous), and in the 
vicinity of the cod field 
are reIated by uncunfom- 
ity to the Miocene beds. 

ATRVOTURE. 

The coal ficld ia  located 
in the minor foltls north- 
wsst of the main antiehal 
arch of the Alaake Penin- 
sula. The sediment'ary 
formations exposed rango 
in age from Upper Jurassic 
through Lower and Upper 
Cretaceous ta Mocene. 
(See PI. mII, p. 42.) 
Pleistocene deposits man- 
tle a s m d  part of the 
area, and in the vdey hot- 

~~~ - Yt- h~ns ancI along the shores 
C a l m m M W  

~ I W U ~ B U  -.UaU"d them are ~IIuvEal deposits 
R G ~ E  1c.4otamw wctlan of the c d  -- mt n- Of F&Heb*ae age. 

dmn Bey and Caal Hubor. 
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In the wmbm part of the field, where the coal locations have 
been made, the farmatioxs- have not been rnodifretl by volcanic 
intrusions or extrusions, but at the eastern margin of tho field dikes 
vast quantitim of volcanic tuffs, and extensive lava flowa are num- 
erous. Four v o l c d ~  centers, from which lava flows and fragmental 

U p p  tunnel 
Thomp~nn Valley, Chignik Buy 

Whalms L b k ,  
Chimik Bay 

maum I5.-Rmt\onq of ml asam in Iha Chlpnrk Ray and Hermdem B ~ F  fields m d  nt -1 Harbor. 

material issued, are situated near the eastsrn margin of the field. 
At the northern margin and along Hemdeen Bay there are volcanic 
tufFs, but they are not so tlssociated with the coal M ts be aificmt. 
The northwestern portion of the small peninsula in which the coal 
is located is mantled in part by glacid matarid and in part by recent 
alluvium. 
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The c e n t d  part of the field has a synclinal structure, with the 
axis plunging westward. h'orth of this fold thero is tl broad anti- 
che. Severd small faults were noted within the'coal field, and 
ons fault contact at the southern margin indicates a throw of no 
less than 1,000 feet. These faults map be detected by tho shifted 
outcrops exposed in the higher portions of the field, where there is 
little or no ~egetation. Nurnemus minor faults, of the same general 
n a t m  as the major faults shown on the surface, may be detected 
in the mine tunnels. The general structural conditions. along a 
nearly north-south line through the; coal field are shown in %urn 13, 
and a general description of the  geologic structure of this portion of 
the peninsula is given on  pages 27 to 38. 

The beatrhown eutcmpa in the c o d  field  re near the haad of 
Cod Valley and in tha valIey of Mine Creek. Cod is also exposed 
near the head of the next valley east of Coal Valley and a t  
seveml places about the margin of tho volcanic tuffs a little I~lrther 
east, while still other outcrops have been reported in tributaries 
to Lt~wrence Creek. The main coal measures outcrop on the east 
shore of Herendeen Bay, about 5 miles north of Mine Harbor, in 
a locality known as Coal BBIuff. Two beda of lignite have been found 
on tho north coast of the coal-bearing peninsula, about 9 milps ertst 
of Point Divide, and several othor seams of lignite are exposed on 
the west shere of Herendeen Bay, nearly opposite Coal Bluff. &I- 
umnar sections of these coals are given in k u r e  15. 

The following section in the coal measures m e  obtained on the 
south slope of the > h e  Creek valley: 

S&e 4 cwl  m m m m a ,  Mim h t  pmlhy, Dmradeart Bay. 
Ft. in. 

Conglomemte . . . . . . . ~~~~~~ .~~ .~~~~~~~~ . . .~ . .~ . . . . . . . . . ~~ .~ . . .  300 
Sandstone, c-, embedded, with huge lrandntone mncre- 

tions weathering bmwn horn abundance of limonite. ........ 50 
Sandy shale-. .............................................. 20 
Coal eeam, medium grade.. .................................. 5 
Sandatons,b,cmMded,withfmilIeav~s ............... 3 

....................................................... Shale 6 
coal ...................-................................... 10 
Sh le  ....................................................... 2 6 
S hal y coal.. ................................................ 6 

................................ Shale, with eandstonc roam. 3 
Coal ....................................................... 1 
shsles ...................................................... 4 
Coal ....................................................... 1 2 

..................... Shaly pandetane, with m d d m e  cone.-. 4 
h l .  ..................................................... 10 
Shalea ...................................................... 4 
CoalyeWm ................................................. 1 6 
Shalel*..-.. ................................................ 3 
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FL in . 
Carbonacf!oun ahales ......................................... 1 
Shales ...................................................... 2 
cod ....................................................... 1 
Shales .................................................... 2 
Coaly nhIm, with #hale partings .............................. 2 3  

...................... Goal. with bong paning and rhaly bed 7 
S h a h  ...................................................... 1 8  

.................................................. Ghalycml 1 2  
Shale ....................................................... ? 8  
Cosl.. ..................................................... I 1  
Shal m ................................................. 3 

S h a h  ..................................,................... S 6 
Coal ....................................................... 1 2  
S h a h  ............. ,. ....................................... 6 
Coal ....................................................... 1 6  

.................................. Shalm, with wdatonn ronm 4 
Coal ....................................................... 1 8  
Shales and mndatone interbeddpd ............................ 15 
Coal ....................................................... 8 
Shales ...................................................... 6 
Shaly mndatone ............................................ 2 
Shd ee ...................................................... 50 
Coal ...................................................... 1 2  
S h a h  ...................................................... 6 
Cualy nhal~ .................................................. 4 
Shales ...................................................... 7 
Coal ....................................................... 1 
Shale8 ...................................................... 3 
Cml ....................................................... 1 
Shalee, with sanhtone concs ................................ 40 
&me cmbcdded ~andutone and mnglomcrairu .............. 15 
Shales and mdhtonw . 

me dip of theee messurm i~ 30* N . ,  and t h e  strike 5.91' E . 
On the left fork of Mino Creek Pa* "emured the following 

section: 

Caal. crushed .................................................. 7 
shale ..*..................................................... 9 
Coal, bony ................................................... 1 
shaleand mdetone ........................................... 6 6  
Coal , crushed .................................................. 8 
Coal, fairly mlid (partly obacud 'by ~lidc) ..................... 10 
Shale. carbnnwoous ........................................... 3 4  
Covered by dide .............................................. M 
Cm1 with bone (details not obeerrd). .......................... I2  
Shale and cod ................................................. 4 
C-I ......................................................... 2 %  
8hde ......................................................... 6 
&a1 ......................................................... 3 .  
Remainder hidden by ~ l ide  . 

Pa@. Sldney. The Jierendeen Bay m w  fletd: BuJl . D . 8 . Wl . Burveg No . 294. 1- p . l(n . 
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The detailed gection of the coal exposed in the lower tunnel an 
Mine Creek ia  as f ohows : 

S& of b w w  tunnel coal bed, Hifie Omk, R w m h  BOY. 

Shale roof. ~ t ,  in. 

1. Sbalycoal .................................................. 1 1 
2.Bone .......... : ........................................... 2 
3.Coal ...................................................... 1 1 
4 . S h i l y c d  .................................................. 2 
5.Cml ..................................................... L 4 

Firmaandstone floor. Btrike, N. 9l0E.; dip, 30° N. 

A section of the eoaI at the Johnson tunnel, which is on the south 
dope of the Mine Creek valley about 870 feet above saa lovel, is as 
follow9 : 

Seetion 4 the Johlasm tunnel coal bed, Hine (Ir~ek, R w m b  Bq. 

Shale mi. n. i. 
1. h a 1  ....................................................... 1 4 
2.Clay ........................................................ 9 
3.C-1 ................ ,..,.. ................................. 5 

Clay flm. Strike, N. 1Olo E.; dip, Y 4 O  n' E. 

Samples of cod, analyses of which appear on page 105, were taken 
from caeh of tho rtbova bede. No work had been done in the lower 
tunnel during the 10 months pmceding the examination. Material 
from beds 1. to 5 in the above snction was included in this sample 
(laborntory No. 6957). The JoIlnson tunnel had also been closed 
idly 116 months, but a sample (labordory No. 6951) was procured 
from hod 3 in the above section. 

The Johnson tunnel is about 100 feet long. The coal continues 
for about 75 feet, becomes much broken, and h d y  disappeam 
tlmugh faulting. Soma prosp~t~ing for the continuation of this 
bed has been done, but it has not yet been locaterl. In drifting it 
haa becn necessary to use timber to support the roof. Of Isto, coal 
has boen mined here for local consumption only, and the amount 
mined has h e n  only few tons each year. 

The lower tunnel is located nettr the stream bad, 275 feet above 
sea level, and has been driven for 150 feet along the strike of the coal. 
The roof is a, and no timbexixlg was necessaxy except at the 
entrance. About 20 tons were taken from this drift in 1907 for use 
in. W i n g  and for domestic purposes. The w d s  of the drift indicate 
minor faulting at various places, the movements ranging from a few 
inches up to a foot. The condition is typical of the distributive faultr 
ing associated +th the Iarger movements in ths fidd, anti is of the 
same general chmacter. 

Three drill hales have been put down in the lowlands near the 
mouth of Mine Creek, in the deepest, which reached a depth of 35b 
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feet, thin strata of cod were found. The other holes were sunk 150 
feet md 28 feet. The work w-as delayed by the 10- of tools. As 
yet no c o d  of minable thickness bras been found by drilling. 

The .coal exposed at Coal BldF appears a t  the auriace to  be of m 
high @e rrs that outcropping at several other places. The coal 
exposed near the headwaters of Coal C-re~k~ in certain of the tribu- 
taries from the west, and in the continuation in the opposite aide of 
the agncline of the con1 belt in which the J o h n  tunnel is located, 
appeam to be of g o d  grade and faulting has not so greatly disturbed 
the formations in this part of the field. During the writer's visit, 
however, this part of tho field contained so much snow that the coals 
could mt be satisfnctorily examined. 

O E l A R A m Z C  OF T m  C O A L  

In the tunnels the coal is  gensrrtlly very fim and nowhere badly 
shattered. Evcn in places wti~re mining work had been abandoned 
nearly a year little lotme material. had fallen from the seam, though 
in such places the coal, which in tho work of mi* would 
probably come out in luge blacks, could be r e d l y  worked out with 
a pick in lumps 4 to 5 inchrs in diameter. Thin bony streaks and 
h e  &ale partings, thmgh not conspicuous, indicate on dose exam- 
ination the bedded structure of the coal. The coal in the lower tunnel 
in hfine Creek is of medium hardnm, is firm and bright, and possemes 
the physical properties characteristic of a good g d o  of hiturninow 
coal. Several tons of coal had been miner! and stacked near the 
entrance to J o h n  t w l  during the previous s u m r .  This *cod 
had been exposed to rains, to  the waters fmm melting snows, and to 
changes in temperature thoughout the year. It was not directly 
exposer1 ta the sunk rap, however, and h ~ 1  not alackocl bdly. 
T h  surface of the coal, in the exposures where tunnels have not 

. 'been made, although it haa been exposed to the processes oi weath- 
ering for at least many years, bas not been much affected. Where 
the manB were uncovered by ~ho~e l ing  away snow the cod was 
found to  be in e firm, hard condition, but in such p l m  the processes 
of weathering have emphasized the bedded structure of the cod 
seam. High devations on the mountain side, where the cod out- 
crop  in parallel ridges, the black bands often project in such form 
as to indicate that the coal is more resist.ant to the processes of 
weathering than the shales associated with it. The fuel in them 
exposures has the properties of true bituminous md. 

TSha hgnitos exposed east of Point Divide, on the west aide of 
Flerendeen Bay, and in the central portion of-the penlnsuIa east of 
the trail to Balboa Bay are soft and of dull Mack or brown colors. 



The seams are divided by numerous sbdy partings, and the amount 
of black shale in each seam is so greet that this mabrial will probably 
not prove to be of much cummcwld value. 

Caal from the Mine Creek tunnels m a  ussd during the field season 
in coobtoves. It burned with a medium-lewh yellow flame and 
with little smoke, the length of the flame and the amount of smoke 
bebg least in coal from the Johnson tunnel. The c o d  from them 
tunnels fuses and cakes somewhat on beginning to burn. The aahea 
am soft a d  k e ,  with but little clinker. No combngtion tests were 
made from the c o d  outcrops where no mining $ad been done. 

CAEYIOAL Ah'll CAIXIR~ETFt lC PROPERTIEM. 

M&o& of  samp2inp.-In collecting samples from this field p i -  
tiona were selected where complet~ and characteristic sections of the 
bed8 were exposed and where the ~ffects of weathering mere as s k h t  
as pomible, In the tunnel the position wlectctl was near the place 
whero t,ha work of mining had been discantinued. A frmh cut was 
then made across the bed from mof to floor, cleaning off the dirt and 
weathered c o d  ss far as possible. A waterproof cloth waa spread 
to catch the coal and a sample, including alI parts of the bed except 
such shale and other bedded impurities as could rcdily be separated 
in the ordinay practices of actual mining, was cut fmm the roof to 
tho floor. The sampIe was then pulverized and carefully quartered. 
A 3-pound sample prepared in this way was sealed at once in an air- 
tight can, which was not opened until the coal was mbnalyzd. 

MdhodEs of adysis.--The samples collected ware snalyzed by 
F. M. Stanton, of the United States Geological Survey, using tbe 
gtandard methods ' adopted in that  work at t,he fuel-testing plant. 

Analysm.-Tha following table gives the results of the proximate 
analyses of some of the cods from the Herenden Bay, Chignik Ray, 
and Unga Island ficlds. The analyses of the coal as received have 
been recalculated to obtain the analyw on the ab-dried basis. The 
samples wem obtained at the following locafitk: 
8952. Coal bed on west sido of main Btream, 7 miles north- d Book Bag, east &de 

of chignik Bay, Almka Penhula. 
6956, Chignik Bay. Thompmn Valley, three-fourth of a mile a h  mouth of h a m .  
6956. Chignik Lagoon, nhalem Creek, three-fourth& of a mile above mouth. 
6953. Ghifik River, nmlh i d @ ,  2 miles h law Chignik Lake, 
0957. Berendeen nay, hf ine Creek, three-fourths of a mile above mouth. 
6951. Herendeen Bay, Mine Crec k, 14 miles above mouth. 
6954. I;nffd Island, Coal Harbor, I) miles wm-northwest of Gnll I h d .  

1 Bull U. & Gml. 8- Yo. m, I-, p p  1P.m Pml. h p r  V. 8. a d .  B m  No. #,180B, pt. 1, 
In-Is?; SulL U. 8. Qsd 8- No. 280, IWB, pp. 2esa 



d d y m  o/ Chignia: Bay, Herendeen Bay, and Unga laland coab. 

IAnnl- by F. M. Stanton, U. 8. Oeolngld 8un .~y . ]  

8AMPLE8 AS RECEIVED. 

AILDRIED RAMPLER (CACCULATXD PROM TABLE ABOVE). 

Lab. 
No. 

ma 
6966 

6863 
8857 
6W 
8851 

Proximate aaatysss. 
-. - 

LAb, 
No. 

- 
W 
BW58 
Wh 
w 
8657 
6961 
8854 

U l ~ t e n Q s J ~ .  cuorltlo Val w. 

W t P .  

...................... C h l ~ U r  Bay 
..... do. ........................... .... .do.. .......................... 
.-- ..do. ........................... 
H m a d e e n  B E Y . .  ................. ..... do ........................... 
-Island ...................... 

L4eallty. , 

~ I ~ ~ I ! L B S ~  ..................... ..... do ............................ 
do .. ..... .................... ..... 

..... do ............................ 
Rem~deen Bay. .  ................ ..... do ............................ 
Ungalaland ...................... 

Pmxlmste analpsea. UItlmak m~lpea W& value. 

Voletile 
, pka,,g B r i m  

M o m .  
bu%la. C"bn- 

M. aulphar. Hydmgen. C a r b o ~ ~  

1.11 18.38 4419 m.22 235 4.28 a08 
4% m.8-11 . 

5,852 10 ssa 
4.67 3248 47.05 16.90 .76  6,7B 16310 
2SR 6 4882 16.64 1 .78  4.71 0S.a .67 44115 11,6?3 
1.86 =.a1 41.88 zpgl I. a7 448 6817 .M 6,770 10,388 
3 33.68 61.12 1% 18 . aa 4 . W  as 
2 8 6  3bU MZd 7. 51 .(S B O  70.16 

1231 m.05 a . 7 2  ae.sa .60 4.44 58.72 3,m 6, 

,-& 
drm, 

4.00 
bJO 
250 
6.20 
4.60 
5.30 

1ZM) 

A&. 

' % . a ?  
1497 
15.26 
21.78 
11.62 
7.11 
26L8 

Total 
m O ~ ~ u r e ,  

~ 0 7  
10.77 
L O 2  
7.08 
7.4% 
&@I 

23.27 

mar. 

aze 
.7O 

1,7b 
1.m 
.31 
.41 
.63 

Vdatue 

bkTiea 
n.u 
30.57 
34.28 
a l . 4  
32 l a  
56.63 
2 5 . 4  

BY~"'-'w~. 

4.58 
4 98 

4.m a 1 4  
6.11 a49 
6. U 6644 
5.27 34.76 

Flxed 
csrbon, 

------- 
s2ra 
43.99 
4.45 
se.es 
4% 77 
61.35  
26.13 



POBITION OF Z g E  COAL YEABURER. 

M%ng conditions are not especially diRcul t in the portion of the 
field where work has already been done. The coaI outcrops at elev* 
tions ranging from sea level b at least 1,200 feet above sea level. 
Coal may bo easily taken to tidewater from the lower drift in ,%a 
Creek. A good horse trail now leads to the mouth of this tunnel, 
md it would not be difEcult to construct a wagon r o d  or railmad 
to that point, The Johnson tunnal, which is driven at m elevation 
of 870 feet, is lem favorably locatad for transporting coal. The 
horse trnil to the lower tunneI reaches thia higher opening &I well, 
but the ascont is for a, part of the way d=cuIt, though coal has been 
packod out on horses over the t r d .  The mnstruction of a rosd from 
thh oponing would be expensive, but the coal might easily be otbrried 
by Gramways b mom accessible plwm in the valley. The exposrlres 
near tlla hoad of Coal V~1le-p are at elevadions of 1,OOfl to 1,200 foeb 
above sea level. Con1 is exposed in Coal Bluff, on the east side of 
Herendeen Day, from sea level ta the tap of the bluff, an elevation 
of about 50 feet. The lignite exposures east of Point Divide and 
thoso on the west side of Werendeen Bay are in the cliff bordering 
the beach, and the lignite seams along the trail to Balboa Bay at 
elevations between 600 and 800 feet &hove sen level, 
In the portion of the field whero the bituminous coal occurs there 

is evidently a large supply of high-grade fuel above sea level. The 
structure is such at t w o  places thnt the coal may be expected ta pass 
below sea level, but it is not safo to conclude that there is any large 
supply of coal below soa level. 

DIP OF THE COAL MEAIURER. 

The coal seams sxposcd in Mine Crook tlip at rtngles varying from 
25" to 3S0,  and oa two sidcs of a westwwd-plunging syndirrl fold, 
of which the axia coincides approximately with Mine Creek. At the 
head or Coal Valley the coal seams rest at a n g h  of 13" to 20'. At 
Coal Bluff tho dip of the cod measurn is 3 1 ". The lignite-beering 
beds emt of Point Ihvide extend at an angle of about 22", and 
those on tho wwt side of Herendcen Bay have dips of 31" to 46". 
The lignite beds in the central port.ion of the penhula rest at anglea 
of 22". Tho faulting that has rIiatribuhd the formations has not 
bccn on a I u r ~ e  scale, and when t.ha structnre is worked out in detail 
there should not be much cWicu1tg in locating the coal in the different 
fault blocks. The exposures are so good in this field that a detailed 
survey on s largo scale would furnish data for estimating wit11 a 
hiih degree of accuracy the actus1 amount of coal in each portion 
of the field, md would probably make it possible t o  estimate the 
positions of the leas broken portions of the coal. 
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EXTEXT OF T n E  COAL YEARURtS. 

When the writcr m.rm a t  work in this field there was, unfortunatdy, 
a heavy covering of snow over portions where coal measures must 
exist, hut i t 1  spite of tlme conditions the coal measures were traced 
eastward from Harendeen Ray to a point within rr few miles of Port 
Moller, whew t.hey were found to pass beneath recent volcanic rocks. 
Since coal I las been found fit tho same geologic S~orizon in the Chipik 
Ray region, and is tl~ere ex- 
posed for many milm, it. is 
reasonable b sappose thnt 
there may be other exposures 
of this coal-bearing formation 
in the rogion betwecn Port 
Mollor and Chignik Bay, tl 

park of the peninsula that is 
not yet surveyed. The lignite 
bearing fo~mation on the leest 
side of llsrendeen Bay is re- 
ported to continue far .to the 
westward, but work was not 
carried on in that hrection. 

B B r P r n A T .  

If these coals ere mined en 
a large scale, they should be 
carried by railway to Balboa 
Bay for shipment (fig. 16). 
The routcs from Mine Harbor t o  
Balboa Bay is about 16 milcs 
long and an easy one for rail- 
way construction. Mine Har- 
boris wall protechd and is deep 
enough for commarcial pur- Contwr i n w ~ ~ ~  10 fret 

posee, but for several months LxI 
Rucent all~rvirua 

year hfine F l o v ~ e  IF.-BketEh map dibs l o r #  Imturrs near the 
the upper part of Herendoen ~ C M I  of Ballwe nag, which h8a heen s~ lerted  an a 

Bay are locked in ice. Coal r " ' ~ t p m i n U n +  

could be shipped during the surnmor by way of Herendoen Bay 
to Bering Sea and thence to AIask~n ports fnrtd~er north. Bf coal is 
mined from the head of Gal  Valley, tho probl~rn of taking it to tide- 
water on the  Pacific side of the peninsula is n little mora difficult. 
A railroad could be constructed along' Con1 Valloy md connected 
with h h e  Harbor by a circuitous route, which would add about 15 
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miles to the direct route and double the length of the had to the 
Pac&c. At Balboa Bay an excellent harbor and good bunker &ea 
are available (fig. 16). 

CHINIB: BAY COAL FIELD. 

QEOaBhPm. 

-k Bay lies on the Pscijic side of Alaska Peninsula, in long- 
tude 158' west and latitude 56" 20' north. (See PI. VI, in pocket.) 
The c o d  belt stretches from Chignik River, on the southwest, toward 
the northeast, beyond the head of Hook Bay, and parallels the weatern 
shore of Chigdc Bay for a distance of 'st least 30 miles. (See PI. 
VII, p. 40.) 

A small reentrant on the south shore of Chignik Bay, known as 
Anchorage Bay (Pl. XI, B, p. 86), provides an excellent harbor, 
and beside this bay the Glhignik post office is located. A small 
steamer from Ssward calls at this port once each month. Chipik 
Lagoon and Mallard Duck Eq, to the west, aro nearly cut off from 
the larger h d y  of water by a sand and gravel spit. A sand bar at  
the entrance makes the inner harbor unavailable for boah drawing 
m m  than 12 feet of water. An irregular channel leads through the 
lagoon to the mouth of C h g d c  River, but the larger portion of the 
lagoon is dry at low tide. Chignik River furnkhes a water mute to 
a chain of lakos in the central part of the peninsula, and from tbeso 
lakea small boata may, after a short portage, descend ta Bering Sea. 
Boats drawing more than 2 feet of water a m  not safely navigate the 
Chignik except at high tide, when mall launches drawing barges 
can ascend the river es far as the coal mine. 

Hook Bay liea near the north entrance to CKgpik Bay. It is 
borderad in part by alluvial lands and in part by rugged cliffs. The 
sheltered watera Qn the south side of Hook Bay d o r d  an excellent 
harbor (PI. XUI, A).  

The area underlain by coal west of Chigmk Bay is on the southeast 
slope of the main mountain belt of the peninsula. The aumnita 
reach elevations of about 2,500 feet, and tbe broad ranticlinal structure 
give8 long, gentle slopes to the mountains. A sories of nearly paral- 
lel valleys of open U-shaped forms cross from the summit region 
ta the margin of Chignik Lagoon and Chqpk Bay. In theuse valleys 
and in the intervalley areas,, above the heavy covering of grasses 
and moases, the formations are well exposed. 

The winter snows do not leave the lower lands until April or May. 
During the summer there is considerable rain and much cloudy 
weather, and by the latter part of September fmh snows begin to 
appear an the mount&. The climatic conditions from April to 
October are not, however, such as to inhrfere with out-of-door work. 
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The klaska Packers' -ciation has a cannery in thh region, on 
the kuth &ore of C&pk Lagoon, and the Northwestern Fisheries 
Co. one at Anchorage Bray. 

Development work in this field has been described on page 20 
of this report. 

ABEdC EXTEST. 

The =bud h o r n  extent of cod in this field does not exceed 
15 square miles, but from the distribution of the c o d  outcrops and 

' the gene& geologic structure in the field i t  is probable that coal 
underlies an area of between 40 and 50 square d m ,  

A few thin lignite seam3 occur in the Kenai formation on the 
southw~t  side of Rignik Bay. The sred a h n t  of thae lignite 
seams will probably be found ta be between 10 and 20 square miles, 
but the quality of thig material is not such as to make it of economic 
value. 

as0LWI. 

The bitwninaua and in the Chignik Bay region ia of Upper Cre- 
taceous age and belongs to the Chignik formation. The c o d  mew- 
occur in the middle portion of that formation, and are underlain 
and overlain by Chin beds of sandstones and shales. The W p p r  
Cmtacmus (Chignik formation) in this region rests unconformab1y 
upon the Upper Juransic (Naknek formation), but it is over lh  
conformably by the Kcnai formation, of Rocme ttge. This section 
is shown along Chignik River mrl along the shores of Chignik Lagoon. 

The sedimentary wries in t h i ~  coal field is known to include 
duraasic, Upper Cretaceous, snd Eocene rocks. The absence of 
Lower Cretaceous fossils in the collectione procured in this region 
is mmsrkable, for that horizon is we11 represented at Herandeen 
Bay, about 100 miles west. A description of the sediieatary f o r m  
tions of this portion of the penhula is given on pages 29 to 84. 
The structure of the central part of the peninsula is that of tt broad 

anticline, the axis of wlucti extends st leest as far southweat aa 
Psvlof Bay. Ln this ragion the axis of the fold p m  northwat 
of =gnik Bay through Chignik Ltlks, and thence northeast along 
the crest line of the Aleutian Rango. East of Chignik Lagoon and 
dong the sonth shore of Ctlignik Bay the sedimentary strate, are 
gently folded md mmewhat faulted. Kear the upper h i t  of the 
sedimentary rocks the $umber of intruded sheets of Java increase 
notably until st last the sediment9 are succeeded by vast flows of 
Iwa. Great quantities of frag~lsntal matmid have been erupted, 
and large streams of Iavas outpoured from two or thrse farmer 
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centem of V O ~ C ~ ~ C  eruption in the ~ c i n i t y  of Hook Bay, and rn a 
result large. blocks of sedimentary formations have been disturbed. 

A great magS of igneous mcks, chiefly anclesiltes and basah,  lies 
south of a line piwing through Chignik Lagoon and was t of h c h o w e  
Bay. Basdtic dikes are common in the area bordering these igneous 
rocks. South of Anci~orage Bay there is a huge .eras9 of dctcitic 
rock, With which apparently arn associated a number of sills. Other 
d s  me well exposed on the north a11om of Anchorra&e Bay, while 
similar masses of dacite occur in the vicinity of Hook Bay. M y  
in the extreme northeastern md ~outhwmtern parts of the cod  
belt do ignems rocks come into close contwt with the coal, and in 
those places the coal does not appear +a have been affected by the 
igneous activities. 

The structurs in this field is much simpler than that new Herendeen 
Bay, and detailed geologic work will readily determine the amount 
and distribution of the cod. 

THE COAL -8. 

The formation that contains t.he bituminous c o d  in this region 
is of Upper Crehceaus age. It is weU exposed in the Chignik Bay 
region R I I ~  hns therefore been nasled the Chignik fornation. me 
known and probable distribution of the Chignik formation In the 
vicinity of the bay of that name has h e n  indicated on Plate VII, 
The same formation, however, is h o r n  farther to the northeat 
and to the southwest (PI. TI, in pocket), rand i t  is very probable 
that outcrops occur in the intervening unsurveyed portions of the 
penindam The cod measures condst of sandstones, shales, and 
conglomerat~, intershti6ed with the coal seams. 
The developed eods sse at C W k  River, Whders Creek, Thomp 

Ron River, and northwest of Hook Bay. Some deeded sections of 
these coals me givm in figure 15, and a description of each Jocdity 
will be given in the f olloning parapphs. 

Chi$nik Rivm.--TI~e coal bed that hm been worked outcrops ad 
the i ~ e r  bluff 3 miles abo~e the head of Chigpik Lagoon (-Pl. XIV, A),  
rnd has been trmeb inland for a little more khan half a mile. At 
this loc&ty it strikes N. 2 O  E. and dips 24O E. A section of the 
bed measured in the drift aa ~ O ~ ~ Q W S :  

S d ' m  of Chignik R i m  ad bed. 
Pt. In. 

.............................. Dry bone, with thin coal ~tmaka.. 3 
.......................................................... 6 

.................................................. Coat and dirt. 8 
.......................................................... Coal 1 

..................................................... Bony c-1. 1 $ 

.......................................................... 1 4 - 
5 2 
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The roof, which is of shale nit11 tlrin layers of cod overlain by 
sandstone, is very even. The floor, however, is not so regular, 
and the roll or swelling in i t  reduces the tllirkness of the bed at the 
end of the dri f t  from 5 feet to 9 iucl~es. It is possibIe that the roll, 
which is known to be rather long, may be narrow, and that a short 
tunnel driven through i t  would discover the full thichess of the cod 
bed on the other side. 

The coal is solid and bright, and comes out in good-shed pieces. 
When used under a boiler it has to be stoked very frequently to keep 
it hurtling freely. It is a fairly satisfactory steaming coal when it 
is properly handled, but it makes t i  large mount of ash and the 
fies have to he cleaned often. An analysis of this c o d  is given on 
page 105, 

The Chignik River mine is worked throughout the gem by two 
men without machineq, tlls coal being underrut by hsnd m d  shot 
down. Cod outcrops appear at several other places on the north 
bank of Cl~ignik River aast of tho mine, but the beds do no t  appear 
ia be of as good grade as that a t  the mine and have not hen  worked 
as yet. 

WhZars Oreek.-Whdem Creek is a ma11 stream entering Cbignik 
Lagoon from the  north, a ~ h o r t  dist.mce below the mouth of Chigrik 
River. Coal is exposed for 600 feet along tho nortl~ernmost of the 
three main branches of the creek, the expowro being along the strike 
of the coal rneasm, wlrich outmop at the coal mine on Chignik 
River. The strike of the coal is K. 5" E. m d  tho dip is 22' E. The 
sgctien of the coal is as follows: 

Bhaly ~sndssone roof. Ft. In. 
1, M y  shale .............................................. I0 
2, Shde.. ................................................. 8 
3. Coal ..................................................... I 
4 . C o a l y ~ s  .............................................. 4 
5.Sandyshale .............................................. 7 

................................. 6. Coal with alate partings. 5 
7, W y  whale .................-.............-.............. 6 
8. Sandstone ............................................. 1 6 
0. Coal ..................................................... 1 10 

10. ShaEycoal .............................................. 11 
..................................................... 1I.Cml 3 4 

Sandy Rhde floor. 

The slop, which has been driven 130 feet on the coal, follows the 
lower part of the bed and includes the strata numbered 8 to 11 in 
the above'section (PI. XIV, B).  The cod bed (Nos. 9 to 11) was 
sampled in the usual way and analyzed, with the result given on 
page 105 (laboratory No. 6965). 



The cod b bright, black, and blocky, verg much l i b  that mined at. 
Chgmk River, but at this locality the section of the cod is better in 
that the partings are thin. A nearly wrtioal fault, about 50Q feet 
downstream from the mine opening, probably outa off the coal bed. 
On the upstream &de, about 40 feat from the opening, a verticd 
fault throwa the coal down 6 feet, and 115 feat upstrenm from the 
mine another fault, which cuts off tho coal, htw been reporhi. 
This upper portion of the valley waa filled with snow whsn the 
region was vigited by the writer. 

Although f aulta have disturbed the cod somewhat, them appeara, 
nevedhlew, to be a very considerable body of good coal avdable. 
The Iocatioa of this coal favors shipment on small boats down 
C Q p k  Lagoon or by rail. A rdway might be built across Chig- 
nik River a shod distance above the mouth and thence mmss a, 

lowlmd m a  to the bead of Kuiukta Bay, where exdent harbor 
fwil'ities are reported. The diatmce from Whdera Creek to the 
b e d  of Kuiukta Bay by the proposed railway route is about 5 miles. 

Cod has been reported to outcrop at several places hgh on the 
mountain slopes northeast of the outcrops of coal in Whalers Creek, 
The localities pointed out in the field by prulspectoi~ are along the 
general strike of the coal measures and presumably contain the 
same beds that are e x p o d  elsewhere in the field. 

T h n p m  V&j.-Thompson tTdley lies northwest of the north- 
ern portion of Chg& Bay, and is a broad, open, flat-bottomed 
valley, heading among the hlgh mountains at least XO milea from 
the beach. Cod is expoaed on the northeasbm s lap  18 miles 
from the beach md 300 feet above the valley floor (P1. WII, B, 
p. 108). The strike of the beds is N. 61" E. and the dip is 21' NW. 
Two workable coal beds are expmd for at lemt a mile, and their 
extent is probably much p a t a r .  m e r e  the tributary streams 
to Thompson VaIley cross these coala them firs falla or cascadps in 
t,heir courses. The detailed measummenta of these bede are given 
below: 

Bs~tfom oJ coal be& in Ilboffepom Valley. 

Loasr bad. 
Randy shde roof. 

.................................... 1. Coal 
.......................... 2. Shale parting.. 

.................................... 3. Cm1 
............................ 4. Cmly ~bale.  
............................ 6.  Coal ..... .:. 

................................... 6. Bone 
7:Cml ............................-....--. 

Sandaton0 flmr. 

*in in. 
................. I e 
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Cmm-bdd& andebno root. ~ t .  in. 
I. Clap ................. ... .............................. 2 
2. Coal ...................................................... 4 
3. h l y  shale.. ............................................. 4 
4. Shde  ..................... .... ........................... 8 
5. Coaly ehalc.. ............................................. 4 
6. Coal ...................................................... 12 
7. Clay parting. ............................................. 1 
8. Cual ...................................................... 2 6 
9. Coaly shale.. ............................................. 8 

10, Coal ...................................................... 4 
11. Done.. ................................................... 8 
12. Coal ...................................................... 6 
13. Shale ...................................................... 6 

.................................................. 1 4 , h n y c o d  8 

The analysis of a strmpla taken fmrn the beds numbered 6,8, and 10 
in the foregoing section of thc upper coal ia given on pago 105 flabo- 
ratow No. 6956). 

A iargo hotly nC good coal is avsilablo at this locality. me con- 
ditions for mining are fnvomblc, ant! the space tct the base of the 
bluff ia, ample for mino buildings and mine bunkers. The chief 
difficulty in the way of exploiting this coal is in making arrange 
manta for shipping. The beach nt the mouth of Thompson Valley 
is e x p o 4  to the sever0 s t o m a  fmm the Pacific Omm. A ra-ilway 
from the valley to Chignik Lagoon could he easily built, for the 
mute would be over a lowland area and not more than 9 miles in 
length The conditions in Chpik  Lagoon, bowaver, am not favor- 
able for loading large ocoan-going vmls .  Hence it would probably 
be necessary to  continue the railway along the northwest ~hore of 
the Iagoon and then by the same mute as that from Whalers Creek 
to &he bed  of Euiukta Bay, as already described. 

Book Bay.-Hook Brry k in the northern part of the field exam- 
ind. The coal in this vicinity occurs near the headwaters of the 
righthand branch of the stream entering Hook Ray f mm the west 
and in the foothills of the main mountain range. The genoral strike 
of the I d s  k4 N. 11" E. and the dip 34" E. The section of the cod 
is as follows: 

Sd*m of Hmk Bay ml We 
Firm, @urldntone mf. Ft. h 

1.w ..................................................... E 3 
2. Clay ....................................................... 8 
3. Coal.,.. ...-............................................... 4 
4.Clay ...................................................... 7 
5. Coal .-..................................................... 1. 8 j  
6. Clay parting ............................................... 2 
7. Bony c d  ................................................... 5 
8. Cnal ....................................................... 14 
$= Bone .................................................... 1 

Shale floor. 
' "-Bull. 487-U+ . ... . . , 
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Above this bed is an %foot becl of sandstone overlain by a thin 
layer of ood. Below the main hod of coal lim a $-foot layer of 
shaly sandstone, und~rlain by a &foot bod of coal, in the middle 
of which is a %inch parting of shale. The exposures in the tunnel 
show the caal t o  be uniform in thickness and quality. 
h snmphng this bed a cut was m d e  wrom NOB. 5 to  8, inclusive, 

in the above section. The analysis ia given on page 105 (laboratory 
No. 6952). 

The strike, so f ~ r  as the beda could be examined, is uniform, 
and appears to continuo without notable break for at leaat half a 
mile to the northemt, The t ~ ~ n n e l  opening i s  50 feet above the 
atream bottom, whore there space for mine huildinm. At present 
there is a wagon rood from llook Bay to the coal croppinp, along 
a stream bottom where the general gradient md spmo wou1CI be 
favorable to railway comtruction. Rook Bay is an excellent small 
harbor (PI. XIIL, A, p. IOS), and is brdcmd by favor~hIc. sites for 
whames and bunkers. The distance from the harbor k) the con1 
is about 8 miles. At present four claims are staked out in this 
field, and develapmcnt work is being done under the auspices of the 
Alaska Peninsula Mining & T d i n g  Ce. 

CEARACPTEE OF THE COAL 

Ths coal Imm the Chipik River mine is bridlt black and of 
medium hardness. It is worked out in lump ranging up to 10 
and 12 inches in &meter. The seam, as exposed late in the season, 
ol 1908, showed some cruahuy: tat the front wall and at  the end 
of the tunnel. The section in tho mine shows sufficient shde pa* 
ings and bony streaks to indicate the general bedded structure of 
the coal, which corresponds te the generd dip of the formations 
in that part of the fieId. Thc coal, when taken from the mine, is 
dumped upon a barge new the entrance of the tunneI, and is unlaaded 
from the barge and dumped into the c o d  b b  at the cannery, where ' 

it is used. Jn the procesaee of handling, the ma1 usually becornea 
broken into fragments ranging up to 3 or 4 inches in diametsr. 
This cod does not appear to deck badly. The best exposures in 
Whalers Creek are in a pmspwting tunnel, where the coal seam is 
i k n  md the bedded structure pronounced, the structure being 
emphasized by certain shale partings. The c o d  is a dull black on 
the weathered surfacss, but is bright in fmh exposures. The 
Thompson Vdey exposures me only a little beneath the surfwe, 
md not beyond the zone of weathew.  This cod, h o m r ,  is in 
a heavy h n  bed, more migtent than the shale3 asd sasdshnes 
asaoci*ted with it, as is indicated by the rapids or f& where streams 
cross the c o d  eieam. 
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In the short tunnel in the cod northwest from the head of Hook 
Bay, the coal is in seams 18 inches or leas in thickness, separated 
by thin beds of shale. These shale partings indicrtte the general 
bedded condition of the  sediments, a d  correspond with the general 
dip of the strata. The upper portion of the seam is bright and 
black, and of medium hardness, and appem t'o be a high grado of 
bituminous coal. The lower portion oi the s e m  has more bony 
streaks, but would average a fair grade of bituminous coal. 

The burning of the coal fmm the Chpk  River mine was obsemed 
under the boiler of a small steam tug. The flame was distinctly 
yellow and the coal burned freely, but there was a large proportion 
of ash and some cIinkering. The Geman on the tug complained 
that this coal does not hold the fie well. 'Persons who have used 
the coal estimate that there is about 25 per cent ash in the coal aa 
it comes from the mine. The coal from the other exposures in the 
C w k  Bay region is not ns yet in use. 

It was customary to select rt position where a complete and cl~ar- 
acteristic section of the bed wm exposed in sampling the coal seams 
in the various portions of this field, and accordingly, where tunnels 
had been driven, the positions selected were at or near the face of 
the tunnel. An effort wm made to remove from the surface the 
loose and weathered portion of the coal seam where no tunneling 
had been done, but it was not p~,racticable to gm beneath the zone 
which had been deeted by surface weathering, and it is probable 
that the coal wilI run a little better than is indicated by the samples 
taken. The samples were cut from the roof to the flour and p m  
pared in the usual way (see p, f 04) for the Iaborato y. 

Each sample was analyzed by F. M. St.anton, of the. United Statea 
h l o c d  SSUITB~, by the standard methoda adopted in that work 
The analyses of these smples are given in the table on page 105. 

The coal in this field is known to  outcrop fmm approximately 
sea level to ele~ationa between 600 and BOO feet above the sea. 
Prospectors report higher outcrop on the mountains, where the 
elevations must be m much as 1,500 or 2,000 feet, and the structure 
in the range is mch as to make t.he occurrence of thwe mported 
outcrops very probable. If the g a m e  seams of coal outcropping 
in the lower country extend to suah elevations on the mountains, 
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the quantity of coal in this field is much larger than htrs been csti- 
mshd by the &Mr. The cad memures may possibly pass below 
Chi@ Ray, but the amount of coal above sea level will probably 
supply the demand from this field for many years, and is certnidy 
su liicient to encourage large mining cntorprises. 

DIP AND EXTENT OP SAE CUA!.. 

The coal fiearm in this field rest on the southeast dank of the 
main anticlinal fold of the Aleutian Jtange, and vary in dip from 
21" b 43'. From Chignik River the cod seam now being mined 
hw been tracd eastward for a. Iittle lea than a mile. It is apparent 
from tho exposures in Whalers Creek thalt coal is thore continuous 
for about a, mile, but the position ~ n c l  structura is such as ta suggoat 
that the coal seam in the Whalers Creek claim is the same as that 
e x p a d  at the mine oKChignilr Ri~er .  The distance from Whalem 
C m k  to Ttlornpson Vdley is a b u t  15 miles, but t.h& portion of the 
field has not besn examined. Tho exposurps in Thompson Valley 
indicata, that the coal is continuous over severnl square miles, and 
there is a stmng suggestion that these coals may, when iurthor 
work is dolie on them, be iounrl esentiallv continuous with those 
to the southwest near Chignik River. The IIook Bay locality is 
about 8 miles from Thompson Valley, along the general strike of 
tho coal mewurn. The cxposum on the Tlook Brty claims ttro 

reported to extend tllong. the strike to the northanst for at lemt a 
mile, and detailed work may connect those semns with those already 
dmribed. StiII farther ta the northemt, on tho shores of Aniakchnk 
Bay, coal is reported, but  fmm verbal dmcriptions that coal allplrlrs 
to be lignite, and may prove of Kenai (Eocene) age rather than of 
Ch'iik Wpper Cretaceous) age. Small areas. of the Ksnai loma-  
t i o ~  may be expected to occur at vwious places along the peninsula. 

The shipment of coal from the Chi& Bay field is mmewhat 
dificult, because Chignik Bay and Chignik Lagoon do not offer good 
hsrbor fwilitim. Vessels of deep draft can not enter Chignik 
Lagoon, and there is no protection along the southwest aide of Chignik 
Bay near the wid field. The cannery vessels receive their cargooea 
in Anchorage Bay, to which point the fmh are brought in mall boats 
or barges from the lagoon. A method of handling coal involvin~ 
such transfers would be too expensive, and therefore a harbor must be ' 

sought to  which coal can ba brought directly from the mines, Hook 
Ray furnishsa euch % harbor for the northeastern portion of the field, 
and a railway could be constructed from Thompson Valley ta IIook 
Bay without encountering any great engineering diffic~~ltim. The 
harbor most favoraMy mmidered by those now intercsted im this 
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coal, however, is at the head of Kuiukts Bay, locally hown as 
Dorenoi Bay. The entr~bnce to t.llis bay k~ a few miles southwmt 
from Pmspwt B B ~ ,  which is shown in Plate VII Ip. 40), but the 
head of Kuiukb Bay is onIp a little more than 5 d e s  from the 
shore of Chip& Lagoon. Thepass from Chigik Lagoon to the 
head of Kuiukta Bay is through a bmarl, open valley, practically 
at sea level. It is proposed that a railroad be constnlctd from tlte 
ma1 field northwest of Chignik Lag~on to a narrow place in Chignik 
River, where a bridge may he built, and thence by way of the low pass 
to the head of Kuiukta Bay. A railmad could be constructed along 
the northwest side of Clupik Bay and C'himik Lagoon to receive the 
ma1 from the different portions of ~a field. The distance from the 
Chignik River coal mine to the head of Kuiukta Bay by tIla proposed 
route is ishut 9 d m .  From W'haEers Clreek to Kuiukta Bay the 
railroad routs would he a b u t  15 rnilm. If Thompson Valley coal 
was carried by mil to Kuiuktcl Bay by way of rt bridzo aacrow C l i p i k  
River, the 11a111 wo111(1 be between :10 and 35 mil@. Kniukta Bag was 
not i-isited by the w ~ t e r ,  but the locnl bontmtlli in the employ of 
the survey during the senson of 1908 and tl~c? captain of the I)orr&, 
the one pwsnger vemel that regularly vjdts this coast, report the 
bay to have excellent harbor conditions noar r8he head. 

OOhL IURBOR COAT, FIELD. 

U q a  Island ia the Itrrg~~t and westornmoat island of the Shumagin 
Gmup, wllidl lies souti~earrb of Balboa nny. Thn grerrter portion of 
the island is mountainous, but tlm nortltem end has a solling topog- 
raphy, its higl~t?st  levat ti on being &bout 6OQ feet above s e R  level 
(Pl. 11, p. 12). Tfle nol.tIlweste~n portion of the island and a little 
strip along t l ~ e  west coast nre known to contain the coal measures. 

Ungn ksl~nd llas a miltler a i~d  more equable climate than the main- 
land to the north. Practically all the winter snow disappears dur- 
ing the summer, and the numher of clear days per year on the island 
excmds the number for the mainland. 

Tho northern portion of the island is overgrown by grasses and 
shrubs. A few patcIles of alder bushes are scattered on the valley 
slopes, but thera are no trees. 

There is a United States poet office at Coal Harbor, and the pas- 
senger steamer which visits tlia coast calls at this port in each direc- 
tion on its manthly voyages between Seward and points on the pen- 
insula. 

DEVELOPMZHT WOBk 

The development work that has been done in this field is described 
on page 19 of this report. A vertical section of the mine at  Coal 
Harbor is given in f i r e  17. 
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The coal m e m w  occupy an area of 35 or 40 quare miles. This 
entire area may co~tain coal similar. to that exposed in the cliff at 
the east margin of the field, but no coal seams of ecomonic value 
were ohwrvarl in the narrow strip along the west coast of the island. 

Tho coal rnoasures in this field are of Eocene nge and are a portion 
of the K e n ~ i  formation. The section i best expo~ed near the coal 
mine on the \vest shore of the Coal Harbor Inlet (fig. 14, p. 98). The 
formation rmts in a slightly inclined position, anddips from 8"to 10". W. 
The gancr~l  strike of the bods is N. 12' W. The Kenai formation at  

this locality is overlain conformably by the Unga conglomerate, 
which b of Miome age (iig. 8, p. 66). Thc section memred on the 
c M  about onehnlf mile north of the coal mine is given below: 

B& i9a  upps F C m  a d  Yiomu midm at Coal H a r b ,  U w  Inland. 

Miocene (Unga conglommte): ~ t .  in. 
Conglornernte and pitsat h i p h a  point in cliff .............. 100 
&me, heavy, hIwk ~ 3 n m e m t e  ....................-.... 30 
Grit and ronglomemto ..................................... 40 
Tuffs ..................................................... 4 
Sands and claya, dkmmting.. ............................. 12 
Volcanic tuff, grsy ....................................-.. 10 

................................. C~wlomarnte and gri ts... 25 
Sandandclay ............................................ 40 
h r s e  grim md mglommte.. ............................. 35 
Conglomerate, with bowlders up te 3 feet in dinmewr.. ..... 15 

Vpwr portion of Fmene (Kenai formation): 
............................................ Sand and clay 50 

Lignite ................................................... I , 
..................... Sand, clay, and lignite in thin M a . . .  3 

Clay. .............. ... ... ,.. ...........--..---.....--. 8 
T@te ........... .. ...................................... 3 
Clay.. .............................--.............---..... 6 
Lignite ................................................-.- R 
Sandyclay .............................................. 1 4 
Lignite.. ................................................. R 
sand .. .................................-................ 4 
Clay and lignite parting.. ................................. 6 
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Upper portion d Eocene (Kenai formationbCon tinued. ~ t .  in< . . .  

Sand .....................................-........ 2 
........ .................... Lignite and 'earid, alternating. ; % 

Sand ...............................................-...... 3: 
Lignite, with sand len w... ............................... 4 
Clay .................................................... f3: 
Sand... ................................................. 60' 
Sand, with conwetiona.. .................................. 4 

.................................................. Grsvel 3' 
Sand, cmmbedded. ...................................... W 
Gravel. ................................................. 8 
Lignite ................................................... 1 2 
Sand, ~ - b e d d e d .  ......................... i ............ 70 

The  trike ia north 10' weat and tho dip Do w e ~ t .  The hme of the 
m i o n  is 50 feet above mean tide level. 

The coal measures, as is shown by tho above aection, ace composed 
of mhds, clays, gravels, and lignite, the materials being poorly 
cemented. No marine shells have been obtained from the coal 
measures, though the beds contain some plant remains, which have 
been describeti. (See p. 52.)  The upper 200 feet in the measured 
section given above represents the Unga coaglomcrate at this locality. 
Shells of marine life have been secured from this formation, the beds 
of which consist chiefly of grits and conglomerates cornpod in part 
of volcanic materials. 

&I the eon1 men in this field is of Iignitic character. The measured 
section indicates that, though seams are numerous, most of them are 
too thin to h of commercial value. The natives and white resideuta 
on the island and on some of the neighboring islands have prospected 
dong certain of them thin seams and found same high-grade lignite 
in them, hut tho rnntcrifil does not occur in sufficient quantities to  
encourage cEevv~loprncnt. The developed coal bed outcrops about 
200 feet above tidewater. Detailed masurements of the upper part 
of the coal bed as now exposed in the mine are given in the following 
mtion: 

8dmt of mal hcd in Coal fl& mim. 

Firm, m grit, and nonglornemte roof. Ft. in. 

Lignite ......................-................................ 1 1 
LollRe mnd .................................................... 6 
Lippite ........................................................ 8 
h l y  8hsk .................................................... 2 
Clay ........................................................... 3 
Lignite ........................................................ 1 2 

3 10 
Strike, X .  1 2 O  W.; dip, S0 W. 



The bed was sampled in the usual way, the aand and s u e ,  which 
could be readily separated in mining, being excluded. The analysis 
of the sample is given on page 105. 

The Unga seams of lignite incline westward from an elevation of 
about 200 feet at the erast margin of the field and evidently pass 
below sea level before reaching the western margin of the idand. 
The quantity of lignite above sea level, however, is probably suffi- 
cient to supply the demand for such material from this fieid for a long 
time. The beda mt at so low an angle that mining can be done in a 
very inexpensive way. 

There. are no special d&uTties associated with the mining or ship- 
ment of this lignite, and if it is mined with wficient cam to  keep it 
clean it may be able t o  compete with the somewihat b t h r  coals that 
are now being shipped to tbis part of Alaske. Tba lignih will at 
Iettst continue to  be of value to  the natives m d  to the few white 
peopls living on Unga aand the neighboring islands.' 

CUf9 BAY OfL FIELD. 

Petroleum is h o r n  ta occur in the vicinity of Cold Bay. This 
region was not visited by thfi wtibr, bnt it w& examined by Martin 
during the summen of 1903 and 1904, and the following account is in 
park abstracted and in part quoted from his reports, 

Cold Bay is locabd on the east aide of the penhuh near the 
mouthern cntrmce to Shelikof Strait and about opposite the south- 
western end of Kodiak Island. The bay is roughIy triangular, 
about 10 miles long by 7 milea wide at the mouth, and contains a Iarge 
area of deep water. It is a good herbor, (See P1. VI, in pocket.) 
The surrounding county consists of an elevated upland with gently 
rounded or flat-toppecl hills rising ~ b o v e  it, and its general level is 
about 750 feet above tide. T h e  hqher peaks rise to an elevation of 
about 1,500 feet, but farther back from tho comt in the central part 
of the peninsula are mountains 5,000 feet or more in height. Among 
these is the volcano Peulik, a peak about 5,000 feet high, which is 

I E). C. Mnrtln magrod the pmblm d the markem fw A l ~ m  md nod publlahacl hla repmt fo Bull, 
D. B, lid. Suraep No. sSS, pp. w l l ? .  

r yartin. G. C.. PPtrol~~rn flElds of the WC mast ol AEMW BuU. U. 8. Oml. B m e y  No. aW, 
a?-9; Notes on the petrolsum flslds of A m  Bull. V. &. ad. B u m  No. 288, gp, 18&188. 
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situates on the weatem shore of the sou them arm of Bechrof Lake, 
about 35 milas wsst of Cold Bay. Tbia volcano is one of the chain 
that extend~ the entire length of the Alaska Peninsula and though- 
out the Aleutian Islands. 

Timber is entirely lackmg in this region, the only trees being a few 
small cottonwoods, willows, and scrub alders along the banks of the 
stremu. The flat lowlands along the shores of Cold Bay are cove& 
with deep grass, but the hihides and upland region have no vegeta- 
tion except scattered tufts of grass and moss. 

A general section of the rocks exposed iti the Cotd Bay h h m f  
Laka region k given below.' 

The coarse crystalline rocks (granite, syenito, and mcks of ~jrimilar 
text-) occur in a belt that emssea the lower end of Becharof and 

Name of lormatlon. 

I U k k  bmatkn.. .... 
L'EnoehIdniormat~*'. 

Nahek lakes and pwwibly underlies the Cold Bay region. 
Madin's report on the petroleum of the Cold Bay di~trict is ra 

follows : 
The W c  rocIra occur on Cape Kekurnoi at the Bsstern entrance to Cdd Bay, and 

on~omeottbecapesandislmdstathenorthesst. TbeydoubtleasunderlistheJudc 
throughout the Cold Bay region. 

The Enwhldn formation wcupiea both &om of Cold Ray except at tbe nwtheaetern 
pmontory (Cape Rekurnoi) and at the head of the bay. It slse exbnds in a belt 
along the shore of Shelikof Btrait horn Cold Bay to Dry Bay and pmbnbly as far beyond 
am Portage Bay. 

The Naltrmek formation iorma the shore of the bead of h l d  Bay and mupiee the 
entire interior e o n  aa tar west m l 3 ~ e c W  Lake and am iar north rn Hatmai. 
The pbJuramic volcanic roclcs mcur in a discontinuous beEt n m  the ceptm uot the 

peninsula. This belt  include^ wrvaml volcanoes whjch bsva been active in com- 
paratively w r i t  time. The lava am probably all either sndeaite or bamlt. 

Fmm Rull. U. 8.  Qw1, Bwvoy No. 225, lw, pp. mhm; No. 250,1905. 
Mutla, a.O.,No~wthepewoleurntle~asd A l W  I3uII.C. S. UmI. Survey Ko.Wi,l=,pp. 1S5-138. 
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PwtYut.sde.. ........ 
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The mmt 8-g structural l a h  are zn anticline with a northea&muthw& 
atending h r n  apoint 3+ miles above the mouth of Oil Creek to Kanata and a, amcline 
extending h r u  near the mouth of Oil Creek northwwtwd into Cold Bay. 'fhe 
northem end of this qncline ia cut off by a fault which extends up the valley of Dry 
Greek. The anticline termina* by httening out. 

The dip ia quite uniformly northw- on ths north shore of Cold Bay and on the 
north mide of Dry Greek. Along the 80uthMern ~ d e  of B h F  h k e i t  irr northwmt- 
ward and weatward. On the weetern shorn of Gold Bay it ia northwwhwd m hri- 
zontal. On Dry Bay it b muthemtward. The dipaaeldom exceed lsO, except tolRard 
the mouth of the bay, and are low and regulm over wide mas. 

The region between Becharof Lake and the Becharof-Cold Bay divide has a uniform 
weshad and north-d dip. This dip h reveraed again near the center oi the 
p e h d a ,  ao that p r t  of Beeharof Lake liw in a ayncline, while near ita northwestern 
&ore B BhIUp anticline ia mid to I&, which b w  to the surface not only the entire 
iwdimenhry serie$ but a h  the mass of c w w  crystalline mb. There is nrlso a great 
anticline p d e l  to the muthem m t  that bas itx axia near the ende of the furelands. 

There are mveral seepages at the north end of the anticlhe nmr the oil wells. In all 
of them the flow of petroleum b large and constant. One of them furniahea lubri- 
cating oil Lor use at the wells. There i s  a h  a considerable flow of gxs at one ud theae: 
-pages. Other we*, not seen by the writw, are reported from various placee 
dong the mest of thh same fold, near the head of Dry Bay, and eleewhere between 
that point and Ka,nata. There are said to be even more important we- on the 
we& &ore of the south a m  of Becharof Lake. 

Three w e b  were begun in the Bummer of 1903. They are 1-ted about 5 milen 
horn the landing on the wmt Bhoreot Gold Bay, at an elemtion of about 750 feet above 
tide, and are disbnt about 9 milm in an air line fmm Becharof U e .  

One of the weIla begun during the summer of 1905 wmabandond in the autumn at a 
depth of several hundred feet, and the derrick waa moved to a new site a few hundred 
feet dltant. Very little d r i h g  had been done at this peint up& the time the writer 
left Ahah. 

The second well was Wed to a depth of about 1,400 feet. The drill ia Baid to have 
penetrated ~ v d  staata fdled with thick d d u a l  oil having about the comhtency of 
warm pitch. This well was W l y  abandoned during the summer of 1#4 becauw of 
the strong, continual flow of frdrnakr, It is now c& that this well ia aituated 
n w  e fault, which fact would seem to explain the preence of large mountcs aI freah 
water at dl depth% and also the absence of the more volatile and fluid constituents in 
the oil. The machinery born this well has now been moved to s new location about 
21 milea mutheastward, on Trail Creek. At Mt reporb it had reached a depth of 1,500 
feet. 
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Rmrd of zccll a1 Cold Bay. 
Thlrknrs h k t .  

hndstone.. .................................................... 78 
Bard mod, with crevices.. ....................................... 39 
'Sand, withharrl etrcsks.. .......................................... 85 
Oil eand, not hard.. .............................................. 40 
Sanddona, with hard stwaka.. ..................................... 60 
Oil sand, mft .................................................... 8 
Bandatone, with hard streah.. ................................... 82 
Oil sand ......................................................... 25 
Boft, @llac:eous mndgtone.. .................................... 15 
Soft, blus sandskinu with oil.. ................................... 6 

Total ..................................................... 436 

CFlARACTER OP THE OIL. 

bnplm of the oil  from Cold nay hayo hepn collected by the writer. They wgre 
obtained by skimming the pctmleum from tho u~lrface of tho pool8 of water where i t  
qrm continually r i d n ~  born the bottom of the pool, An efihrt w a ~  made to obtain m 
much of the frmhm oil as pmible. VepetabIo and earthy impnritim were removed 
by atmining though c o m e  cloth. l'ater could not ho ontirely rernovd, Oil tor 
lubricating p u r p w  at the noigbboring wol l~  iR obtained from them pooh in this 
manner. 

The Wer oil ia dark green. That wbicb hm remained on tbe &e of the p l  
for some time i a  dark brown. 
The oil lm doubtlm low! a laqp pmt of itR volatile constituents. The analysee, 

thmfote, would not correctly repmnt  the composition of live nil from wella in thim 
region. Pruch oil would have a lower w i f i c  p r i t  y, higher w e n t a p  of the mom 
volatile constituents, and lovier percentwe oC the lrw volatilc condituentrl, reniduc, 
and sulphur. JC would certainly be better than thew ~arnplea in all mpecrs, and 
would m m b l e  them in having a parafin baclc. It might not be of ~e high quality 
aa tho Controller Bay petroleurn, but neverthe)- it  would be a refining oil. 

The ssmplen were mbmitkd to Penniman h Hrowoe, of Ttaltirnore, who return the 
follawhg report on their Mts: 

Rep& of h r u  of ail from Cold Ray. 

Specific gravity at M0 F ............................ 0.9.547(F6.fi0 B.). 
DWation by Engler's method: 

Initial boiling point.. ..................... C. . 225. 
Burning oil (dintillation up to 3aIe C., under 

............... atmaepheric ~ ~ u r e )  per cent. .  13.3(29.6' B.). 
Lubricating oils (qindle oih) (120 mm, p-re 

npto300°C.) ....................... percent.. 28.3(23.g0B.). 
Lubricating & (320 mm. pmmm, 300" C.- 

350° C.).. ......................... .p?x cent.. 18.3 (ISo B.). 
R d 3 n   oil^ (by dmct ive  didlation under 

atmqheric pmmure ............... .per cent.. 3%0 (20.4' B.). 
.. Coke and lorn ........................... ..do.. 8.1. 
.. Total gulpbnr.--. ....................... .do.. 0.116, 

dktihtim of the lubricating aiIa under dhhbhnrl pemm, corresponding to 
&my practice, was carried an until e i p s  of decomposition wt in. The mwlting 
raaidue waa unsuitable for maldag cylinder stock, and wiw therefom distilled for 



pamBn oila. Thwe para& oils contain a conaidmable quantity of d i d  para&. 
It ma not practicable to detarmine the smount of the material with the 4 m o u n t  
of oil at our d i m .  

" The idine abmrption of the oila and W a t e a  hm bean determined by Hanus's 
method (wlution standing four hours) and the rmulta are here bbulated: 

I d w  a b s o r p ~ l s  o j  and dietili&w. 
Per cent. 

Burning oil.. ................................................. 17.2 
Lubri-tin~ o i  I... .............................................. 27.2 
Heavy lubricating oil.. ........................................ S. 2 

" Thw iodine n u m h  upon the lubricating oila were obtained upon the wraplee. 
For camparkon, ~smplea of aimihr o ib  mre obtained h m  the Smdard OiI Co. and 
the iodine n e b e m  debmined as folIom: 

Light *ted lu- oil (qindle oil) ................... 32 per cent idhe .  
Dark lubmcating oil (engine oil) .............................. 45.4 per cent iodine. 

"The burning oils were t w t d  in a s m a l l  lamp and found to give a pd W e .  AM 
the oil waa cmumed without inmwting the wick m d i n g  the burner. 
"The wnple of crude oil from Gold Bay wha dietilled in such a wiry as to give the 

maxhum yield of burning oil. Under thew conditions 52.2 per cent of fair quality 
burning oil wm obtained. 

"The 03s h v e  pwa& k, and the pmducte of distination are 'swwt.' Mre are 
informed that thew -plea am ' mepage oila. ' If a mffiuent yield a n  be obtained 
by drilling, a very suitable oil for mhwy p w  may be expwtd, con- a 

. much larger qumtity of the more deahble lighter products." 

0-E POBBIBLE PETROLEUM FIELDS. 

A well at Dry Bay was drilled to a depth of 330 feet in the summer 
of 1902 without sncounkring oii. The tools were then lost md the 
hole was abandoned. In August, 1903, a new well wns started in 
dose proximity to the first, but not much was trccomplished, and 
work was discontinued a few month later because of an accident to 
the machinery. Martin says of other possible proapecb: 

See- me reporbed from the mhores of Ramibk  Bay, especially at DougIaa 
River. The m k a  in this region are shales, aandstonee, and conglomeraW ot J m i c  
age. They are the equivalent in age of the beda ovwlyhg the E n d k i n  formation 
in the region to the northalwdy described. The rock me here h h o n t e l  or have 
very gentle d i p  over large mew, and it would eeem to be a promising region to prc#~ 
pect with the drill. It the Middle and Lower Juraseic roc& in the Enochkin or Cold 
Bay regime prove to contain oil in commercial quantity, it would =em that new 
fielda might m n a b l y  be expected an the c m t  at Doughs River and for 20 mil- 
weshmrd. This is, however, a dificult place ta h d  machinery, for the baye are all 
shallow and filled with m k a ,  while numerous uncharted me$ extend out many miles 
from ~ h m  into Cook Inlet. The writer h, ththsretaka, not indined to encourage specu- 
lation here, at I& uptil mom encoumgbg news ia received. 

The geology of the cmat between Douglas River and Katmai  doe^ not warrant in the 
~ l i g h h t  degree any petroleum pmpwting. Along much of thia caaat m only vd- 
canic and other crydl ine  racks, in which the occurrence of petroleum is an absolute 
impvibility. 

I W n ,  O. C., Notea m the peWleam &Ida of Ah!&$ Bun. U, 8, -1. Surrey No, W, IW, pp. 186 
r a8. 



Placer gold was discovered by Louis Herman in the beach about 
13 miles muth of Sand Point post office on Popof Island in the summer 
of 1904. (See PI. VIIL, p. 43.) Act.im work was in p r o g ~ s s  during 
1904 and 1905, and it is reported that gold amounting in vdus ta 
a b u t  $12,000 was t.aken from these beach placere in those years. 
The productive belt was about three-fourth of a mile long. From 
20 to 40 men were at work during tho summer of 1904 with rockers, 
wasmu the coame sand and pve1. All the gold wsa found below 
mid-tide, and most of it around large bowlders at about tlio level of 
low tide. Little work has been done on this beach since 1905. In 
1908 but one man was engaged in rewashing the sand and gravel, 
and he is raported to have found it unprofitable and finally to have 
abandoned operations. 

During 1808, most of the interest on this island was centered on 
four lode claims that were staked on the hills immediately adjoining 
the beach placers. No distinct quartz ledges have been located, but 
the exposed rock contains some free gold. Specimens in which free 
gold is plainly visible may be found in the aurface zone of oxidation 
and weathering. This zone varies from 5 to 10 feet in thicknew. 
Several samples taken from the weathered matericbl yielded same froa 
gold when crushed and panned. The owners of t b  property have 
had several samples assayed, and values up to $20 a ton were reported 
as a result of the mays. On the h u b  lfeman property B short 
tunnel has h e n  driven and four shafts have hen  sunk blow the 
zune of ~urfacs weathering, Ore samples taken from t h m  openine 
on this property varietl greatly in content of gold; one sample was 
exceedingly rich. The rock in which t h i  gold occurs is an andmite 
similar to that in Unga Island, where the Apollo mine is located. 
The unweathered rock appears as a light gray Irrvs, containing an 
abundmca of a m d  pyrite cystds.  111 claim adjoining the Louis 
Reman. property ona small quartz ledge has been d k o v a d  and 
some development. work has k n  dona. 

&Id-bearing ledge have been found at a number of places in 
Unga Island. (See PI. V'ZII, p. 42.) h the goutheastern portion 
of the idand, shut I mile from the head of Delarof Harbor and 4 
miles from the town of Unga, ara located the Apollo and Sitka mines. 
A third mine has been opened on the Shumagin p u p  of claims, 
near the head of Baralof or Squaw Harbor. Several locations for 
gold lodes have been mads on the ridge south of the Apollo mine, in 



the valley west of the Shumagin mine, and at points about 2 milea 
south of Coal Harbor. 

ApLZo Comolidated mim.-% mine was on a productive basis 
from 1891 to 1904 and was reopened during the Bummer of 1908, 
when 40 of t.he 60 stamps in the mil1 were put into operation and ore 
that had drelsdy been mined was run through the mill. Tho occur- 
rence of gold ore, st this locality has been dewribed by Becker s and 
by Martin: who visited it in 1904, gathering some additional data. 

The deposit, a c w d i g  to Backer's d~cription, is a reticulated vein 
or zone of fracture, in a country rock of andesite md dacite. The 
o m  include Erw p I d ,  pyrite, galena, zinc hlenrle, copper pyrite, and 
native copper. The ore is free milling, a Pmge part of the goId being 
carried in the native state. The chief gangue mineral is quartz, but 
calcite and orthoclase are pment in subortlinate amounts. I 'he ore 
body strikes K. 20° E. It is from 5 to 40 feet wide and T o m  a 
chuto that pitches northward. The chute comes to tho surface at 
the south end of the workings at an elevation of 600 feet, end at the 
north end it narrow and becomm of low grade at a depth of about 
800 feet. Soveral atternpta have been made ta reach the ore. body at 
lower levds by 8hdt and tunnel, and long crosscut tunnels have been 
driven in prospecting the adjoining areas. Jn plmes the ore lmdy 
was exceedingly rich, canying up to $50 a ton; the avemge for the 
main ore body was perhaps about $8 a ton. The main chute has not 
been worked out, ' Soma ore has been t&en from minor zones of 
fracture in the crowcut tunnels, but ore has not been found in thee  
wries in snficient quantities to justify a continuation of the work. 
The countl*p mck has been miueraIized b a certain extent on either 
side of the main am body. 

Becker rancluded that the sountry rock is Miocene or poasMiocene, 
because of its lEtholog$c similarity to  andmite, which in supposed to 
overlie the Miocene at the north end of the island. 110 would, 
accordingly, make the mineral veins of very recent Tertiary w 
post-Tertiary age. The present writer believes the poat-Miocene 
andeaitea at  the north end of Unga TsIand to be diatinct in age from 
the country rock in which the gold ledges occur. The younger 
andmites eoper s of +the south end of the island and overlie 
irregularly the gold-bearing formation. The a p  of the rock in which 
the gold-bearing ledges occur is not definitely hown, but it is bs- 
lieved by tho writer to be Bfmamic or older. 

Sitka mine.-This mine is located north of the Apollo mine tscroas 
the valley. The ore body is associated with s sheer mne which 
atrikes at right angles to the Apollo are body. The rock in which 

1 Becker, 0. F., RecPrmslslan~ of the gold field8 d  outh hem A3mW ElgbtEsllth hna RcpL U. 8. C h L  
Burwey, pt. 3,1RBB, pp. 158a-86. 
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this ere o u r s  is of the same general type as that at the Apollo 
mine; the opes consist of free gokl, galena, zinc blade,  and pyrite, 
and the chief gangue minerttl is quartz, with subortlinnte amounts 
of calcite. The ore, however, is  of low patlo, and has never yet 
paid for the working. Some of the materinl in the dump wns run 
through the m i U  during the summer of 1908. The muparintendent 
believes that the ore could now be mined and milled at a profit. 
This mine b cumected by a tramway with the Apallo plant, so that 
tho ore may be handed at the ,4pollo mill. 

Shunuqi7a mine.-The Shumngin claims have been etaked out 
along two ledges which strike N. 60" E. and outcrop in n low ridge 
one-half mile southwest of the head of Barnnof Harbor. The south- 
ern ledge is about 30 feet, thick, but the ore has not proved suficiently 
rich to encourage mining. The other ledge, which varies in width 
from 2 to 3 feet, is reported to carry values commonly w i n g  
between $4 and $5 to the ton, and nowhere running below $2. Thme 
quartz lcdgcs are in s h ~ n r  zones, and are interrupted by many 
horn- of county rock. The present m-orhgs consist of two tunnels, 
with crosscuh. The lower tunnel, which has been driven 363 feet, 
pames through the wider qunrtz ledgee, &and within n short distnnce 
of the second ledp. A crosscut 75 feet long has been made at the 
end of this tunnel. The upper tunnel is 79 feet long, and a crosscut 
at the end runs 11fi feet to the  enst ~ n d  53 feet t o  the west along the 
ore body. The two t~~nnels  are separated in elevation by 150 feet. 

1: SAl.AbKA ISLAND. 

The klmd of Unalaska is off the western extremity of Alaska 
Peninsula, aetrr one of the most frequented routes from the Pacific 
Ocean to  Bering L%. J t  is important chiefly on account of its 
splendid natural harbor, on which nro located two coaling and trade 
stations, Dutch Harbor and Unnlaska. Several yesm ago an un- 
suweaful attempt wm m ~ d a  to develop and mine some gold-bearing 
quartz veins near the d a g e  of Unalaska. A 3-stamp mill and a 
couple of tramways to connect the mill with the mines were erected, 
but these are now in a state of ruin. Quartz veins of economic value 
m a  reported by prospectors on several of the ielands farther west. 

The following notea are quoted from a report on this district, 
made in 1905 by Collier:' 

The hard mka of the ishnds am volcanic and codst of interbddd tuh and ff ow 
that are cut by nvmemue dikea. The mmt common rocka arc dark-gmy andcsiaitee.a 

South of Dutch Harbor for mveral milea the rocks are cut by a -ern of n e d y  ' 

vertical joint p h e s  which extend approximately emt and weat. >lineralization 
- 

I Collier, A. 1.. Surilerons quartz veins on Urnlash Island: Bdl .  U. 6. Gaol.  Burvcy KO. WU8, lW, 
pp. im-lm. 
' E m ,  & K-: E W t d g  WL 6, WWi l W  F 29. 



baa occurred along thm joints, and in mme instancs~ quartz v e h  have been formed. 
8 a d  mch quartz v e h  am ex@ in the bluff waat of Unalaska, whem they have 
been p r o a p d  by ~hort tunnels. The b& example, however, is found at the gold 
mine locatd 1+ milea aouth of U m h k a  and s h u t  a quarter of a mile from the ahore 
of Captains Bay, where e number of s m a l l  wins of thh kind rlre oonbined in corn- 
pact gray andeaite. The largest of theae forme the main ore body of the mine and hm 
been opened for about 200 feet. It hzw a maximum width of 6 or 7 feet, but thins out 
in both directions from the wideat part and at the ends of the tunneb i~ not over 1 
or 2 feet wide. The mmplm obtained here consist of h 1 i n  md cellular quartz, 
heavily stained with imn in the form of limonite. Samples obhined on the dump and 
around the mill indicate that w mnaiderable pawn of the ore originrrlly contained 
unweathered pyrite and mlphide m i n e d .  A m p l e  taken by the writer from the 
face of the driit at the principal ore body was ~ y e d  by E. E. Burlingame & Co., 
of Denver, who repomd 0.02 ouncea of gold to the ton and a trace of silver. It is 
reported that before the mill was  built my p r o d  wry high vrsluea, which were 
not realized fmm the ore when milled. 

Locations for gold have been made at the head of Port MoUer 
(PI. VIII, p. 42) and on the shores of Mallard Duck Bay (Pl. VII, 
p. 40). The locations at the head of Port Moller are in basaltic 
Iwa, where the rock has been so altered aa to present a brilliant 
yellow color. The exposure is at-ly mmpicuous as far away as 
it can be seen. Most of the brilliantly colored rock had been staked 
out by the close of 1908, but no development work had been done. 
The samplea taken by the writer proved to have a little goId in them. 

The description1 of the microwpica1 characters of thia rock is 
given below : 

~asalt.-~h& provaa to be a highly porphyritic rock in which the phmmqmta 
form mom than hall the bulk of the &ion. There are numemus glaesy labradorite 
phenocrpta and & large au9;tes embedded in a, rnemtwie consisting of granular 
augite, plagioclase microIitea, and magnetite. The augite i~ altered and p n d o -  
morphosed by a pleochroic reddish-yellow (iddingmite-like?) Pteration product. Thb 
mbetance form in the felhpar dm to Borne extent. In one casa it a p p m  to have 
been derived from olivine, 

The claims along the sham of Mallard Duck Bay sra in min- 
eralized crushed mnes in an mdwitic lava. These mes mntain 
galenite, sphalerite, pyrite, and a hrge amount of quartz. The 
wall rock carrim n noticeable amount of pyrite. The exposures seen 
in 1908 were scarcely below the surface soil. The most ncMy min- 
eralized zone seen is on the southwest side of the bay near the head. 
Thia zone is from 4 to 8 feet wide and appears to have a h e a r  extent - of at least 100 feet. A mantle of glacial drift made it impossible to  
trace the zone farther without doing some prospecting work. 
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No copper minm bsve been opened up in southwestern Alaska, but 
m v e d  locations have heen made for copper at P ~ O R ~ A C ~  Bny and on 
the east. shore of Balboa Bsy. 

PROSPF,CT BAY. 

Prospect Bay iF1 a few miIes west of C w k  Bay, on the south shore 
, of AIaaka Peninsula. (See P1. VII, p= 40,) The copper property here 

has attracted some attention, and vnrious rcports regarding it have 
gppeared in Alaskan and Pacific mast papem. The ore body is 
located at the west shore 
near the head of Prospet 
Bay, and fortunately near aa 
excellent B t tIe harbor bc hind 
asand and gravel hook. (Fig. 
18.) The zone that has been 
stakod is about 50 fwt wide. 
It is a crushed zone, and in 
the h r w  the minerals, 
which include pyrite, galena, 
sphalerite, chalcopyrite, m d  
quartz, are in the cystnllino 
form, the crystalbe d ~ v e l -  
opment being in p lam of 
the geode type. Wbm these 

. claims were visited during 
the early part of the 1908 
muon no large b d y  of high 
grade ore had been devel- 
oped, ~s was currently re- 
y orted. Hand specimens 
fairly rich in copper min- 
erals may be procud horn 
the fracture eaPities. 6ntmn-- 2sf-t 

BrlLBOA BAY. 
n 

Rrccrrt allurkrs 

F r a m  la-Skmt& map of n prMoa d Pmspft M y ,  
Soma copper occurs in a shovrDg the form d the and the Imt ioa  of 

shear mne on the east shore "Pwmpscb- 

of Bdboa Bay, in the midst of the andesitie lava. There am seveml 
prospects in this vicinity, and one short tunnel vats driven some 
years ago, but the claims have now been entirely abandoned. 



BW(MESTIOH8 TO P R O B P E W E 8 .  

The period of d i v e  p m y t h g  on the- peninsula dl probably be 
. b d a d  dt1rin.g most years to the mouths of June, 3+, August, and 

September. The 'heavy wkhr moddl m a i n s  nearly to i~es level 
until Irrte in 31ay or e d y  in June, and &a Redh snows of the auc- 
aeeding winter begin to accumulate by fie early part of September, 
by the  close of that month little surface work could profitably be done, 
The period d protp3cting tm fhe islands wodd be scwnm%at 'longer 
than on the m i n h d .  

The fmat isns  are exceflerrtly expod  along the Pacific mast and 
thrmgh the central part of the peninsula on the  A& of the moun- 
tains and on the canyon walls. The Pacific mast mrty, when proper 
care and patience are exercised, be misited in inmafl boats, an& from 
the heads of bays the central portian of the peninrrlrle is .at mamy 
places easily acceesible. The Bristol Bay side of tb p m h d s ,  will 
prove less attractive to  prospectom, for &he neighboring m e - r s  am 
exceedingly shallow and the area adjai.niPg .tho coast is a tundra 
covered lowlmcl. Boats m y  mow readily into ~hhe central partion 
of the peninsula at Pod MolEer and at Por t  Heidan. Small boats may 
be taken up the rivers to  the I m p  lakea in %he no&w&mn portion 
of the pcnhuIm. Proapecth cauld pmbably be  e d ~  mdttctsd 
from the shores of these lakes. 

The formahion h o w n  to contain workable em1 is of Upper h t s r  
omus age, and hm been deacribod as the .Cbign& formation. This 
formation, which is found ;near the haad of He~endeen Bay, n o A w e s  t 
of Cfiignj k Bay, md at Dough d h e ,  near the neheastmn mbmi ty 
of the peninsula, is pmbably mudl mom ~&KIBPP~ &an is now posi- 
tively known. It is g o ~ b t  eeafe to S e r  that -i.t extends -north- 
eastward from 'CJhignik k y  Jar many miles, and as d h a  k m  
reported on the nortllwet dope of the Aleutian R m g e w t  efCl4pik 
Lake, i t  is quite p ~ ~ ~ l i b l e  t b t  the main coal-bearing formation map 
outcrop on side of the p m i r d a .  The stmctm is anticbnal, 
m d  consequently the Chigdz rfmafiion may .Ise w a r  &e 
northwmt b m  of .the w e .  It map also be f m d  k she 
between Chignik %sy and Port Moller, though in.+& m n  Tmtirtry 
aecliments ahtl Rwxmt volcanic rocks may mantle or obscure the for- 
mation. The Douglm locality of the Chignik formation is not h o r n  
to aostdn coal. 

The formation which ov& fh Chig~& is of Ewne a,ga, .d is 
known m the Kmai fomt iun .  It contains seams of lqpk, d c h  
have in phees been wogked for local markets. Merenee h .Plate 
VI (in pocket) will ahow that, this formation is very -kmiive, and 
it is probably much more extsnsive than ia yet Imown. At no place 
in the peninsula, however, has coal been found in the Keuai forma- 
tion of such qudty as ta encourage expensive development work or 
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any large hvastmcnt. The coal reported west of Herendeen Bay on 
the northweat side of the peninsula is probably of Kenai (Eocene) age. 

The gold veins which have been profitably worked in this portion 
of Alaska occur in andesit,ic rocb believed to be of early Tertiary 
age. No metalIiferous ores have h e n  found in or in association with 
the sedimentary rocks or recent volcanics in the peninsula, The 
known extent 01 thesa andesitic rocks is shown on Plat;tes V I I  @. 40) 
and W (p. 421, but .they will doubQe88 be found b he ma& more 
e98orrelw.e. T h ~ y  lmve aommdy heen so Atered by m e b o r p h i c  
p r r r m  that $hey may be deter terl hy their brilliant red and yeflow 
colors. The gold-bearing qunrta veins which have been thus far 
lmfd are not in the m& highly colored portions d this group of 
rocks, but the cdom may guirle the prospector in the unsurpfiyed 
@om Of the field to arew where time may be more @hMy 
spant. The rack bearing the quartz veins is coamody rich in pyrite, 
and the wclatharing of this minerd accounts in part for the brilliant 
colof~ referrot1 to. 

The sing10 iwtance of plmar gold on the share of Popof Island 
occura on the beach near certain of the older Popd lavas, where the 
waves have broken and worked the gold-bearing rock of the island 
to P ,bsach,paurd. Locations for g~ ld  have been mqls fi$ tb head 
of Fort Moller, but samplag taken lrom that locality have not  shown 
1-a values. Near the bead af Mdard Duck Bay, an m , ~ f  CLugnik 
Lagoon, tho mdeaitic lavas, which might profitably be pqechd,  
otltcmp, and there are indications of mipertllisption in certsin of the. 
ahoar mnas paar the baach. A11 the gold-bearillrg qu&z l~dcaas that 
have been profihbly worked occur in msociation with cntshad mas. 
'Jibe &w& om- in m o c i a ~ a n  witdl @d am w, ephder- 
ita, pyrite, and quartz. Prospecting should, therefwe, ,be most 
wtivoly pmecuted in the areas indicated on the slaps (Pls. pnd 
VIU) wcampanyiqg -tM apart  as containing "~sdesitp *tb we 
cintd and br&," and ip. -the extension of such amp jp. the 
-~yad p n t i ~ e  of 8hs peninsula and the neighboring islands. 
The copper -& has heen Iweterl on the peninsula occum in asso- 

ciation with a shear 7ane in andmitic lava. Though detailed work 
hw mt been dona . m u d  fiospect Bay where thwe copper lpcptions 
k s  been -a&, yet it b b & ~ d  tlrat the m c h  tbre bdang tp the 
s w  p u p  in which the gold-bearing lodes have been -found. It is 
not unlikely thst a mne or belt of t h o  earlier Tertiary layas find 
volcanic mlm border the coast from Proapct Bay waatward to Che 
Yiciffity of SE~PPV& Bay, and that b e I D  might pw$taVy be pros- 
pected for gold and copper. 

S u p t i a m  . b x b g  on the petroleum in the penbula , a d  dm 
Pmbecting for other oil Gelds have been made on page 124. 
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