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MINERAL RESOURCES OF ALASKA 

GEOLOGY AND ORE DEPOSITS OF NORTHWESTERN 
CHICWAGOF ISLAND, ALASKA 

The area ~tudled inclndes mast at the northwestern part of Chichmf I~Iand. 
Tbs work, started kn 1948, h a motinnation of the geologic mapping done In 
the adjoining Chicbagof rnhing dhtrict by Reed and Coats. The gold-bearing 
zone recognized by t h m  writem continues through the area mapped to the 
northern ahore of Chichagof Island. 

Bedded rocks ranging in age from Paleozoic(?) throngh Early Cretaceous 
were Intruded by gabbre, quartz diorite, norlt+gabbro, and younger guafir 
dlorlte. 
The major metamwphIam and ddarmatlon ocsurred concomitantly with the 

intrnslon o t  the diorite, which belie~ed to have been contempraneons with 
the orogeny during which the Coast Range batholith In the eastern wrt of mnth- 
eaetern Alaeka was emplaced. 

The oldest ~ o c k ~ ,  calIed the rnarblegoeim sequence, probably of Palmfc  age, 
cro~ out in the norheaatern bali of the srea. Withfn the mapped area blofke 
of rocks of thls mquence are engalfed in tbe diorlte and have heen meta- 
morpbosed to gneiss, mbiat, and marble. Relatlvelg unmetamorphosed, thln- 
bedded lime~ltontr, chert, black siltstone, and sandatone, probably the youngeat 
rock8 of the marble-gnelea ueqoence, crop out in a belt tbnt extenda from near 
Stag Bay muthenat to the Chichagof mining district. These mka underlie, 
nnconformably( l), a maffllve greenstone nnif which Is considered to be the 
oldest unit of Mesomlc sge in the mapped area. 

The ba ld4  rock8 of Meaowic am consist of four major unit% all in apparent 
canformable relatlon to oue another. From oldm t o  youngest they are called : 
the -tone, marble, scblat, and graywacke units. The greenstone unit. prob 
ably of Trlamlc em, is composed of massive greenstone whlch I s  mmewhat 
amygdaloidal In the npger part. Tbs marble unit h composed of nearly pure 
marble. The schiet nnit Is pteclomlnantlg greenstone and metamorphosed silt- 
stone but inclndea chert, limestone, and graywacke. The gragwacke unih of 
Early Cretaceons age, Is dominantly fcraywacke with mme ailtstone, Umestwe, 
and, h the umrmost e m m d  part, greenatone. In certain a r m  the rmkR in 
them units have been thoroughIy recrgstalllmd. 

139 



140 MINERAL REBOURCER OF ALASKA 

The igneous rock@ from oldest to youngest are: gabbrq diorlte, quarts diorfte, 
the rocks awcioted wlth the nickel depmit, which include gabbrc-norite and 
qnurh dlorite, and basalt. The dlorite probably formed during Early Cretri- 
ceoua ttme, and the gabbro la older. Much of the gabbro and aiorlte is believed 
to be mryatalllwd older rock. The oldest group of quartz; diorfte iatruslws 
cuta the djorlte, and I s  therefore gounger. The quart& diorite Ia generaIly Mme- 
what foliated and dIgbtIy metamnrphosed. 

The igneom rwks asewlated with the nickel deposits are the youngest of tho 
major intrusive igneoua rock group& They intruded the graywacke of Creta- 
ceous age after i t  had been folded to ItR present posftion. 

3fttflc and iel~Ic dikw am present in almost eqrraE proportionb. rhey  ranEe 
In age from older than the dlorite to younger than the youngest quartz dfarlte. 
ApZfte dikcs, the most abundant type, had their source In the o l d ~ r  of  the 
two quartz dlorlte intmsircs. These dikes are inthnlaly assoriaterl with mmt 
of the gold d e ~ d t s  in the area. Some of the pegmatite nnd qunrtz-f~ldapsr 
dlkcs were prohnbtp formed by replacement. 

A mntlc rock be l i e~ed  to be a basalt plug cmps out on the north ~hore of 
Llalanski Inlet. This body i~ pmbabIj the youngest Igneous m k  !n the area. 

The M d e d  rocks in the area constitute the western flank of an antlclinorlnm 
whlch haa b m  made structnrallg complex by the injection of l a m  igneoas 
hltrudve maasen. ?;ear the southwest aide of the are8 the rockrr of Mcpozotc 
age dip steeply muthmtward and strike northwe~hvard. Sorth of Li~innskI 
Inlet, rwks o t  P a l ~ z o l ~ ( ? ~  age are cnmpletelg s u m u n d d  h~ dinrite. 

F~inlts are widemread In the a m .  The best dewlopwl fault wt atrlkm 
nomw#t  and dips steeply t o  the northeant or muthwest. Along many of 
tiwee faulta the l ~ s t  movement bad a strong horimntrll cxnnponent. G~neral ly  
evidence of displacement Is lacking. A large fault along Weianuki Tolet a p m m  
to have canst4 the rppetitlon or 5,000. feet or more of stratified rmka of 
Mmozofc age north of the Ialet. Quartz diorite has k e n  Intrwded along i t  ~t 
several placas. Tlle northwesiwttvard-trendfnR faultu cut all the m ~ n l l d ~ t d  
rock& lncludlng the graywacke unit. A northenatwar$-Pending fault set alen 
cutsl the rocks of tbe map@ area, but the set is not as well develope8 RR the 
northwestward-trending set. 

The nortbeaatwarrl-trending faulls have mnaller dfsplacement~ than the north- 
westwnrd-trending set, but are important economically bccauw it ia nlong them 
that gold-bearing quarts vetns have been found. 

Qold i s  the most important mineral commodity mined t f~ date. The Apez 
and Ell NIdo are the two largeat mines In ths area ; gold has Pw h e n  xmvered 
from the Goldwin and Cobol propertim and smaller amounts from other pros- 
pect~. In addition to gold, the area includes nlckel-Wring depoalts at Mirro~ 
Harbor on Chichagof I ~ l a  and at Bohemla Basin on Y&kobl Island. m a  
area north of Gonlding Harbor contain8 copper. The best a r e R  for prmpectina 
jnddng from the regional geology and the nr~rnber and kind of quartz vdna 
found, appears to be along a northwestward-trending mne which extend# from 
the head of Mnta Bay to the northern end of Althdrp Peninsula. 

T h e  area of this repork i in tha northern part of wuthasten~ 
Alaska (fg. 39). It includes abut 400 square miles on northwestern 
Chichagof Island, latitnde 5'r04'1' to 58"15' N .  nnd longitude 135O57' 
to 136O35' W. It is copered by U. S. Geological Survey Mount 
Fairweather A-1, A-2, and Sitka T)-7 and D-8 topogrsphic quad- 
rangle maps. 



plromm 89,-Index map of mutheastern Alnaka doWlnE location at  mappcd a m .  



The writm's p l a g i e  investigation was sta- in 1946 M a con- 
tinuation of earlier work on the w& coast of Chichagof Island 
by J. C. h d  and R R. Cdah (1941) of the U. S. Geological Survey. 

G e o l e c  fieldwork on Chichagof bland is hindered by the dense 
vegetation below timberline, the moist climate, and the sharp relief 
which renders some areas either in-ibIe or mmsible only with 
dScdty. On the other hand, rock exposures am good above timbar- 
line, dong the many miles of shoreline, and along many of the 
streams that mum down the steep mountain slopes. h k  weather- 
ing is slight and rarely masks rock textures or structures. Except 
in the 1arg.e valley lmttomq outcrops are abundant and well exposed. 
CommonIy the geologist can map the main geologic feat-, such 
as contacts and rock formations, with considerable mnfidem 

Gold is the most sconomically important of the known minerals 
of northwestern Chichqpf Island, and the only one that has bean 
profitably mined. Copper and tungsten also are present, and nickel- 
bearing deposits have been eqlored at nohernia Basin on Yakobi 
Island ~ n d  near Mirror Harbor on Chjchngof Island. Although 
pa& of Chichagof Islmd have h e n  prospected since 1900, the in- 
terior ia still largely unprospacted, and ore deposits probably remrrin 
to be discovere~i. For example, during the coum of the geologic 
mapping the writer found several small veins containing same free 
gold, although little time was spent solely in search of ore-bring 
reins; however, no lnrge vein networks, like those common in many 
important mining districta, were found that ware not known pm- 
aiously, and probably no such network remains undiscovered within 
the mapped area. 

-TOBY AND FREVTOUS XNVESTI[3ATEONH 

Chichagof Ysla~ld was one of the last of the large islands in soutli- 
eastern AIaska to be settled by white men, and little is known of, 
the histary of the area before 1800. The island hlas been known by 
various names. Early Russian maps show it as Sitka Island, Chi- 
c a p  Island, and Tchitchagoff Island. Captain Gmk sailed along 
the coast in 1778, find later Cape Cross was named from a cross on 
his ch~rt  that indicttted ha position on May 3, I778 (Cook 2'185, 
p. 279). Cross Sound certainly wns named because of its proximity 
to Cape Cross. Vancouver in 1794 with the ships D.iacovetlr/ and 
Chatham entered C m  Sound on returning from Prince William 
Sound. Re a p t  3 weeks mapping Port Althorp, which he named, 
and some of the coastline of Cross Sound nearby. Meanwhile thm 
of his small boats under the leadership of Mr. Wkidby e x p l o d  Icy 
Strait end Lynn Canal (Vancouver, 1801, p. 211-244). On one of 
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his maps Vancouver showed Chichagof and Baranof Islands as Ring 
George III ArchipeIago. The following is quoted from the Geo- 
graphic Dictionary of Alaska (Baker, 1906) : 
Ghkhagof; laland or g m p  of islands, meander ApcUpelago. Named by 
Lisianei, 1805, Mter Bdmiwl Chlcha~of, First known to the Russians as 
Yakobi or JJaob& a name restricted by Llalantiki, In 1806, to an island at the 
northw-rn angle of the group, and the name Cblchagof appllsd to tbe 
remainder. It forms the northern part oi King George IIl'a archipelam of Van- 
couver, The native name is Kuna or Hcroninh. Variously called Gbiebagov, 
Chlchagoff'm, etc., and erroneously C b l c a g ~ .  

A rich gold-bearing vein, later known as the Chichagof vain, was 
dimovered in 1905, and the mining town of Chichagof was founded 
soon after. The town of Kirnshan Cove was founded about 1917 near 
khe Hirst-Chichagof mine, In 1910 the Apex vein was discovered near 
Lisianski Inlet and in 1920 the El Nido vein was found. The veins 
at the Cobol pmpoct wan3 discovered in 1921. 

In 1926 the island was pllohgraphed from the air by the U. S. 
Navy Department; the U. S. Geologicd Survey umd the Navy pho- 
tographs to a m b l e  the first reliable map (Alaska topographic map 
8, Chichagof -Baranof Islnncls, 1936). 
Most of the published geologic mapping of the norfiern part of 

Chichagof Island has been done by members of the U. S. Geofogical 
Survey. The discovery of gold on Chichagof Island was first m- 
ported by C. W. Wright (1903, p. 45-40), who spent park of 1904 ex- 
amining the south shore'of Chichaguf Island and the adjacent shore 
of Barsnof Island. In 1905, Wrigllt again visited Chichagof Island 
and made a reconnakance survey dong the western and northem 
show. In 1906 he visited the claims that later became the property 
of the Chichagof Mining Co. During this season he exrtrnined the 
mcks along the northern shore of Chichagof Island, as well as parts of 
Yakobi Island snd some of the land along Icy Strait. mTright (1907) 
subsequently wrots s ghort report on the general geology of parts of 
Baranof and Chichagof Isl~nds and on tha mining and prospecting 
activities in the Chichagof mining district. Adolf Knopf (1018) 
spent 3 weeks in 1909 examining the Chichagoff [sic] mine md study- 
ing the geology of the s m u n d h g  area. In 1917, R. M. Overbck 
(1919, p. 91-136) spent 2 months examining the rocks along the 
west coast of Chichagof Island and along Peril Strait. His report 
dascrik the regional geology and ore depaits in more detail than 
tho earliar r e p o h  The next geologic investigation was by A. F. 
Buddingtan (1923, p. 9,105; ll&l25) who spent a few days investi- 
gating miners1 depasits on Chichagof and Yakobi Islmds. In his 
reports he descrikd seveml important ore deposits that had baen 
discovered htwwn 1917 and 1923. 

r86181-w 
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Buddington and r ? l d o r e  Chapin published a bulletin (1929) in 
which are assambled the geologic data availnble at that time about 
southeastern Alaska. Iteed (1038, p. 52-80; and 1939) visited Chicha- 
gof Island several times between 1936 and 1938 md published two 
reports of mining activities in the mea. During the summer of 
1938 Reed made a detailed investigation of the geology and mineral 
deposits of the Chichwff ttnd Hirst-Chichagof mines, and in 1939 
Reed and Coats (1941) mapped the Chichagof district. This work 
was the first attempt at systematic geologic mapping on ClGchagof 
T s I d .  Although Reed and Coah mapped only about 500 quare 
miles, many of their geologic interpretations and inferences are 
applicable to this report. 
In 1940, Reed assisted by J. V. N. Dorr 2d (1942, p. 10&138), 

mapped about 5 square miles around the nickel deposits on 'Yakobi 
Island. W. T. Pemra (1942, p. 221-944) mapped the nickel deposit 
at Mirror narbor in 1941. In 1942, G. C.  Kennedy (Kennedy and 
Walhn, 1946) searched Yakobi Island for nickel deposits. 

PRESENT mSTIC+ATIOW 

When the presont investigation started in 1946, it was planned to  
continue the geologic mapping of that part of Chichagof Island that 
lies north of Chichagof mining district and south of the valley 
between Idaho and Tenakee Inlets. Lttter, the mope of the project 
wag increased ta include all the northern part of Chichagof Island 
as far as longitude 135'20' W., exclusive a£ the a m  previously 
mapped by other Survey geologhts. 

Between June 1 and September 10, 1946, the writer, assisted by 
M. C. hchenbruch and R. E. B~nttr, as camphands, mapped about 
150 square miles in the area centering around the head of Lisianski 
InleL Fxom May to October 1947, the writer assisted by R. J. Newton, 
geologist, completed most of the remaining pologic mapping south 
of Lisianski Inlet. 

Geologic mapping mas continued in the summer of 1948 with the 
aid of B. E. Thaden ttnd C. E. Sifton, geologic field assistants. From 
May 19 to June 9 tha area around St% Bwy was mapped and seoeral 
traverses were made on Yakobi Island. Althorp and Inian Penin- 
s u b  were mapped between June 10 and June 22. From June 23 to  
August 8 the area to the north and southwest of Idaho Inlet was 
oxamined. Some of the geologic features exposed dong the shores 
of Port Althorp, the George Islands, and the h i a n  Islands were 
examined in detail during the remainder of the season ta September 1. 

The wribr hw modified and included on plate 12 geologic m~pping 
of the vicinity of Mirror Harbor done by W. T. Pecora (1942) ; of 



Yakobi Island by J. C. Reed and J. V. PJ. Dorr 2d (1942), and by 
G. C. Kennedy and M. S. Walton, Jr. (1946). The rwk types, 
geology, and ore deposits of these nmns have not been studied by the 
present writer in detail, and consequently the discussions concerning 
them are small. The nreti mapped by R e d  and Cones mss designated 
by them aa the Chicllagof mining district, and in this report it is 
referred to under the same title. 

During field mapping, ss baso mnp suficiently nccurate for use in 
direct plottingof geologic features was nolt avail~ble. As an alternate 
method, the geologic clntn were plotted in the field on aerial photo- 
graphs. Subsequently the data were replotted on enlarged copies of 
the standard U. S. Geologicnl Snrvey topogrnphic sheets. 

The location of traverses wns contwllcd largely by the geology and 
the terrain. Usually trntterses were so spmcced that contncts and rock 
units could be projected from one Craveme to another with reasonable 
certainty. The average distance between trrtvomes was about half n 
mile. I n  nmRs underlain by homo:wneons rocks, such ~s diorite, the 
travsrses were ns much RS n mile npnrt. Areas which were covered by 
detrital material or which were BO Ileavily overgrown with vegetation 
that outcrops were virtually &sent were lrtrgely unexamin~d. 

Foliation of igneous rocks mns mapped wllere observed, but because 
the traverses were spaced relatively far apart over the igneous mks, 
the structural pattern shown incomplete. Fnults were mapped both 
in tha field and frorrl exnminntion of aerial pl~otogtq~hs; llonever, 
comparative1 y few faults hnve hen shown on tlw geologic map (pl. 12) 
th nt mere not observed in the field. 

M ~ u y  residents of northwestern Cl~ichngaf Island aided the project 
materially. A. S. Thompson, in the fall of 1947, c ~ r r i e d  most of the 
party's field equipment, without charge, from Pelican .to Juneau. The 
Pelican Cold Storage Co., under the sl~p~rvision of Gene Torkilsen, 
helped the writer on many occasions. During the winter of 1947-48 
the boats used by the writer were stored without chnrge hy the Pelican 
Cold Storage Co. At times Mr. Torkilsen also provided transporta- 
tion for the party. BCn. .T. H. Cann, in c h ~ r ~ ~  of the Apex-El Njclo 
Mining Co., permitted the writer to map and st udp the property and t o  
use many of the mine and assay maps. The U. S. Forest Service and 
the U. S. Coast Guard ht.h assisted the party; their help is gratefully 
nchowledged. 

QEOGBAPHY 

Northwestern Chichagof Island is a mountainous, glaciated, coastal 
amn. Fiords, carved by glaciers, penetrate well into the central part of 



the island. Mountahs rise directly from the sea in steep, nearly un- 
scalable slopes of bare unweathered rmk. Many of the streams mum 
down the mountainsides in an almost continuous series of waterfalls. 
Everywhere evidence of recsnt glaciation is men: In the spires and 
adtea which rise abve the former level of the old icecap, in the cirques 
which lie on every major mountain peak, in the abundant U-~haped 
vallep, and in other bed& landforms sculptured by the action of 
glacial ice. 

The major peala rise to altitudes ranging from 8,000 to 8,600 feet. 
Mmt peaks are snow covered and in one of the highest a small glacier 
remains, sheltered from the sun by the steep heedwall of a deep cirque. 
The topography is controlled by tha underlying rock. The m f h t  
and most easily eroded mcks form the lowest and most subdued land- 
f o m ,  and the hard resistant rocks form the mountains and upland 
areas. 

Vegetation is dense. Gravel-flied valleys and the more gentle 
mountain slopes are heavily timbered. Moss hangs f mm the trees, and 
in heavily wooded areas it f o m  a thick mantle over the ground and 
fallen t m .  Except in the thick& forest, undergrowth is dense, and 
n tangle of faIlen trees, brush, and other plants covers much of the 
area b l o w  2,000 feet in altitude. Below timberline, talus-covered 
dopes and old Iandslicieg and snowslides are cavered with an almost im- 
penetrable growth of salmonberry bushes and gnarled alders. Above 
timberline little brush is found and the mountains are covered with 
heather end other grnall plants such as lapine, Indian paintbrush, and 
grams and sedges. h w  flak amas are cavered with muskeg, a type 
of swamp formed by mosses m d  gasses decaying into a peatlike mass. 

Trails are quickly obliterated by vegetation and thme which where 
found mere nearly impassible. Access isto much of the country below 
timberline was most easily achieved by following the stream beds. 

Pelican, E l k  Cove, and the village on Idaho Inlet m the only 
permanent settlements within the mapped area. The largest village, 
Pelican, has e permanent population of several hundred parsons. It 
is on the north shore of Lisianski Inlet, 14 miles southeast of C r o ~  
Sound. The principal industv centers around a cold-storage plant 
and a salmon cannery. The town also has a sawmill, one or more 
restaurmts, and several groceq stores. Elfin Cave is a small fishing 
Pillage in a sheltered harbor an the west coast of Inian Peninsula. 
The unnamed village on the east Hide of Idaho Inlet, 3% miles south- 
east of Shaw Island, consists of several families. Shaw, Inian, h r g p ,  
Thm Rill, md Porcupine Islands have been uwd in the past as fox 
lams. 

The climate of northwestern Chichagof Island has a marked influ- 
ence upon the country nnd upen the human activities within it. The 
mmt important feature is the rainfall, which is heaviest in Octaber, 



decreases sharply in November, snd gradually diminishes each month 
until the end of June. The rainfa11 normally increrrses pro@vely 
each month thereafter until November. Seveml .graphs that show 
the variation in precipitation and temperature hare beebeen prepared 
fmm mcords published by the T3nitecF States Weather Bureau's clirnra- 
tological data (1941-46) (fig. 40). There is a marked difference in 
the total minfrc11 at points separated by only a few miles. In gmeml, 
the areas most exposed to minds from the ocean are the warmest and 
wettsst. All the weather stations are outside the mapped area, with 
the exception of the station at Gull Cove. The station at C a p  
Spencer is on the north side of Cmss  Sound. Qustavus is on the north 
side of Icy Strait a few miles east of the entrance ta Glacier Bay. 
Radiodle is on a small island at  the south edge of the Chichagof min- 
ing district (fig. 39). Tho wenthes &tion at Sibka on Rarmof Island 
is ~ b m t  80 miles f mm Pelican. It is the only weather  tati ion 1ist.d 
whose data are possibly not directly applicable to the weather of 
Chichagof Island. It is thought, however, that the weather on north- 
err! Chichagof Island is sulficiently similar to that at Sitka to warrant 
inclusion of the climatological data from Sitka 

Cross Sound reoeives s p a t  deal of cold glwial melt water from 
Bmdy Gl~c ier  and from Glacier Rny. The moist air, warmed by 
contact with the mean, upon sweaping over the cold wahr of Gmm 
Sound has ii% moisture condensed into fog, which often besets athe ad- 
jacent land but does not reach f rtr inland. The top of the fog usually 
does not exceed 2,000 feet in altitude. 

The northwestern part of Chichagof Island is underlain almost en- 
tirely by highly recry stalli7d rock of Mesozoic and Paleozoic age, 
and by extensive bodies of igneous rock that am dominantly dioritic 
in composition. Within the mapped area, the regional trend of the 
rorks is northwest, parallel to the axis of an anticlinorium thatinvolves 
most of the bedded rocks in the north end of southeastern Alaska 
(Buddington and Chapin, 1929, p. 315416). The thick rmeces- 
sion of rucks of Mesozoic age that crops ant in the southwestern part 
repmats the eastern f lank of a pogvncline to the west of the ranti- 
clinorium, These rocks of Mesozoic age consist mainly of pan-  
stnne, slate, schist, and graywacke. The anticlinorisl core lies to the 
eafit on the emtern part of Chichagof Island and in the central part 
of the Glacier Bay area. The exposed rocks are dominantly limestone 
and ~trgillite. The only rocks believed to be of Paleozoic age within 
the mapped nren are now highly recrystallized sedimentary rocks that 
crop out as isolatd within the diorite (pl. 12). 



- -. 
MFAN MOPrmLY TEMPERATURE 

FmnBg 4 O . ~ t o l o g l m l  data on northweatern Cblcbagof Idand, Alanka. 

The main perid of intrusion probably took p l m  during the later 
part of Early Cretmmus timk The diaritia body itself consists of 
multiple injections of magmas which were dioritic in composition. 
Probably the intrusions were related to the major strudures in the 
area. The magma was widely intruded into the Coast Range of 
Alaska and Canada, and the diorib occurs as an elongate tongue which 



axtends as far soukh as soutlrern Barnnof Island. From its areal dis- 
tributionit seemstodieo~~t toths ~13th .  To thenorth, the tongueof 
diorite is e x p o 4  in a wide irregularly &aped band almost continu- 
ously as far as the head of Glacier Ray, Beyond this point the geology 
is unknown, but from exnmination of existing geologic maps, it. i~ rea- 
mnable to s m m e  that this body joins the main Coast Range batholith 
som~where within a few tens of miles north of the boundary between 
goutheastern Alaska and Canada. 

Within the mapped area, and IIS ffr north as the head of Glacier 
Bay, the diorite has almost everywhere beon intruded dong ths con- 
tact dividing the rocks of Memmic and I'aleo~~ic n p .  The reason 
for this is not filly understood. The main period of intrwion was 
followed by small but widely distributed intrusions of quartz diorite. 
Still later, the rocks now cropping out adjacent to the Pacific b n  
were intruded by a magma of gabbmie or nnrjtic composition. This 
oycle was also follow& by intresions of qunrtz diorite. 

Some of the gold-bearing quartz veins on Chichagof Island appear 
to be related to the older of the two quartz diorita intrusive m k  
groups. At places, such as M i m r  Harbor on Chichqgof Island and 
Bohemi~ Basin an Yakobi Island, the norite contains nickel along its 
marginal parts. 

BrnDEZI EOCKS 

IrraamawmIsa ~ Q U E N C E J  

b m m O A  BRD QEOLWIC mIATIO18 

The oldest mks found on the northwestern part of Chichagof Island 
are B thick sequence of metamorphosed sedimentary rocks which will 
be referred to in this report as the marble-gneiss sequence. Except 
for a small area adjacent to the greenstone unit south of Lisianski 
Inlet, the mcks mapped as belonging to tho marble-gneiss sequence are 
enclosed within a younger crystalline rock having the texture and 
minerul composition of diorite; consequently the bedded mks have 
h e n  so thoroughly metamorphosed that most of the original struc- 
tures oommonly found in sedimentary mks have been ohlihrabd 
At a few places the original rock grains are preserved, and a few 
crushed and recrystallized fossils h ~ v e  been bound, although none 
w ~ r e  sufficiently we11 preserved to be identified. Most of the rocks in 
the sequence are either gneiss, marble, or ~ehist. A small area north- 
east of Lisianski Met  contains sedimentary mks that are somewhat 
Im metamorphosed and mnsist of thin-bedded limestone, chert, and 
p y v a c k e .  

The I w p t  mapped ares of bedded rock that &Ion@ to the marble- 
gneiss sequence is an arcuate belt extending from the head of Lisianski 



Met ta toe mhca to Idaho Inlet. It htw a known length of 95 miles, 
but may be much longer. T h e  north end is concealed h e a t h  Icy 
Strait md the south and extends byond the mapped area. The strata 
have s geneml northwesterly trend, parallel ta the Iong direction of the 
rack mass. me beds in the. central part of the belt dip about 45" HE., 
but at both ends the dip is steeper and in most places is vrtical. 

Other rocks that probably hlong to the marble-gneiss sgquence 
crop out wuth of Lisianski Met  in three discontinuous bodies which 
have a pronounced elongate shape. The northernmost two are sur- 
m d d  by foliated crystalline dioritic rock. The ~uthernmost is 
in contact with p n s t o n e  and quartz diorite on the southwest side 
and with diorite on the northeast sida The ~tratn in the gouthorn 
b d y  are complexly folded. The strike is generally to the northwest, 
parallel to the Iong axis of the body, but the dip is highly mriable. 
In placm it is nearly flat, an unusual structural feature in this area 
where most of the stratified rocks dip at high angles. The strata in 
the central M y  either dip steeply to the northeast or to the southweat 
or are vertical ; those in the northern body dip steeply northwmtward. 

A few m a w  of rock of the mwble-gneiss sequence lie in the diorite 
in the area bet.ween Idaho Inlet and Mud Bay. These strata trend 
northwegtward and most dip steeply to the northewt. 

Littls is known of the true quentiaI order of the stnxta. Between 
Lisian& Inlet ttnd the entrance to Idehe Inlet the beds stmcturnlly 
uppermost are probably thosa farthest to the southeast. Of the rucks 
found south of Lisianski Inlet, those farthest to the southwest are 
probably the youngest. The rocks noflh of Lisiandri Inlet could not 
be correlated with thcm to the south, md the two p u p s  may not be 
equivalent in age. 

WTBOLOaY 

me m& common rock types composing the marble-gn8k sequence, 
fisted in oder of decreasing abundance, are gneiss, msrble, amphibole 
horn fels, and slightly metamorphosed sedimentary rock 

Gmfa~.-Gneiss is widely distributed in all the large rock masses 
included in the marble-gneiss ssquenca. The light-colored peias 
nmw from a variety made rrp of quartz, feldspar, and mica, to a 
darker variety composed predorninmtly of hornblende and pyroxene. 
Quartz is not entireIy absent, even in the most rnafic types. 
The light-colored gneiss commonly is in contact with diorite. Al- 

thou& this may be only a fortuitous relationship, it suggests that 
metamorphism by the diorite has had a tendency to transform more 
than one type of sedimentary rock into gneiss. The largest single body 
of this gneiss crops out on the divide between Meadow and Marble 
Creeks, about 5 miles north of Pelican. Light-colored gneiss also 



forms an ill-defined elongate zone dong the east ~ i d e  of the marble- 
gneiss sequence of rocks e& of Idaho Inlet and crops out over ~ v e r a 1  
square miles sonth of the head of the inlet. 
In outcrop typial light-colored gneiss is a medium-grained foliated 

rmk. The foliation is accentuated in places on weathered surfaces by 
quartz-rich lenticles about one-fourth inch wide and several inches 
long. Tho appearance of the rock varies from place to place owing 
to changes in mineral composition, grain size, texture, and to  a lesser 
extent to alteration. Banding in the gneiss is due to alternating 
layers that differ in grain size and in relative proportions of included 
minerals. These differences btween bands probably reflect composi- 
tional differences between bds of the original sediments from which 
the gnek  was derived. The banding may have hen accentuated by 
a process of segregation during metamorphism. Within the gneiss, 
bands of rock that are nearly identical to the diorite are common with- 
in a few hundred feet of the diorite-gneiss contact. This rock may 
have been injected, but no evidence of injection could be found, and 
the writer blieves that it represents thoroughly recrystallized W n  

7 % ~  minerals common in the light-colored gneiss are listed b low:  

Feldspar appears fmh in the hand specimen, but in most thin sec- 
tiom it is seen to be partly mumitized. Quartz is unallemd. In 
many p l m  two ages of qunrtx are present. Hornblende is usudly 8 
green or, more rarely, a blue-green type, and it commonly haa un- 
eltefed cares and chloritized margins. Locally hornblende is mplmd 
by biotita 

Dark-colored gneiw is more widely distributed than is the lighb 
m l o d  gneiss and is present in aU the larger rock bodies of the 
marble-gneiss gequenm Small internal structures common in mdi- 
mmts have not been observed and havs undoubtedly been obliterated 
by metamorphism. Listed below am the most common minerals 
fomd in the dark-colored gneiss. The percentages sllown as indieat- 

Mhmd 

Feldspar (albite through mde..e) -,-------------* 

Quart*, - - -, - - --, -, -. , -, --- - - -  - -  -, + --- -- - -- . -- - 
Ii~rnblende-++--,-+--+-+---++~--+-------------- 

Chlorib,---_-- , - - - - , - , , , . , ,+ , , - , - - - - - - - - - - - -_-  
hlagr'etite- - -, -- - - -, , , -, -- _ --- + -- -- - -- - - - 
Pyrlk-,.,-----.,-----~--------+---------4--~-+ 

Llpbt-m~md 
@pis lrm@ In 

yrwnc by 
voltuncl 

- 
30-60 
15-40 
5-20 
1-10 
5-20 
0-3 
0-1 

8wclmen d 
tpplcal Ilmt- 
oolord ~nrWs 
(permnt by 

volume) 

50 
40 
6 
3 
1. b 
0. 1 
0. 3 



ing the range of the amount of the mineral in the rock are those 
which can be expected in normal specimens of the dark-colored gneiss. 

As seen in thin section, hornblende crystals appear to have in- 
creased in size during mehmorphism, first growing between grains of 
plagioclase and quartz and later, as metamorphism continued, engulf- 
ing many of the original grains within the large new crystals of 
hornblende. Most of tbe hornblende is bright green in thin section, 
but in some of the thin sections the hornblende has a bluish hue in 
certain orientations. 

The plngioclase is generally saussuritized or chloritized and the 
well-developed twinning is largely masked by dalter~tion. In many 
crystals, the alteration is more extensive in one of the sets of twins 
than it is in the other, and even wbem twinning is no longer visible 
because of alteration, the position of the twins is clearly shown by the 
pmfemntial alteration. In mme thin sections the borders of the 
hornblende and biotite can be seen to  be dtered to chlorite. Some of 
the dark-colored gneiss contains pyroxene near augite in composition, 
its distribution being controlled by the composition of the origind 
rock. As a rule, the pyroxene shows little chemical interaction with 
adjacent grains of other minerals, and probably it is in fairly good 
chemical equilibrium with its environment. In other thin sections, 
however, pyroxene has been partly recrystallized to hornblende, but 
this is probably due to retropssivs metamorphism rather than to  
lack of chemical equiIibrium of the pyroxem to ita environment. 
There is little evidence to indicate that the pyroxene was mgmsgated 
into discrete layers. Sphene is locally an abundant ~lnstituent of 
tb dark-colored gneiss. It ordinarily is confined to specific bmds 
rand probtl.bIy is one of the original minerals of the mk. 

MudEe.-About 15 percent of the marble-gneiss seqnence is com- 
posed of marble. Little is found south of Lisimski Inlet, but the 

mmral 

Feldspar (andesine to labradorite) - - - ---- -- ------- 
Romblwde-----------..---.-------------------- 
Biot i te- - - - - - - - - - - , - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
Clin~pymxene-----,--_--------~----------.----- 
Epidqte group miueraIs - - - - - - - - -  - - - - - - - - - - -  - - - - - -  
Chlorite ------ - - --. - - -- --- -- --- - ------- - 
Apatite ------ - ----,--- -- -- ------ -------- ----- - - 
C r n n ~ e t - - - - - - - - - - - - - - - ~ - - - - - - - - - - - - - - - - - - - - - - - -  
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r ~ c h  of the marble-gneigs sequence which crop out north of Lisianski 
Inlet mntttin as much as 40 m n t .  Between Lisianski Inlet and the 
head of Idaho Inlet the sequence contains many beds, some as much 
as 50 feet thick, that are almost entirely of marble. Several large 

of marble and other strnta Iie within tha diorite between Idaho 
Met  and Mud Bay. Apparently the original limestone was not as 
easily cl~anged in itexturn and mineral composition a4 were most of 
the other sedimentary rocks of the area, Consequently in many locali- 
ties outcrops looking like igneous rocks contain pamllel layers of 
marble. This feature is typical of much of the area mapped as well as 
of the Glacier Bay a m  to the north which lies in the same geologic 
province. The writer believes that the presence of this marble is 
evidence that much of tha rock mapped as diorite is actually a re- 
crystallized older sedimentarg mk. 
Most outcrops of marble ara similar in appearance. The rock is 

gray, blue p y ,  or tan. Above timberline exposed surfaces are fluted 
and pitted by solution. In areas contailling marble, underground 
drainage is well developed, and locally small caves h ~ v e  formed. 

The marble has a p n u l a r  texture, and ordinarily it k composed 
of 90 to 98 percent calcite. The grmin size depends upon the degree 
of rnetamoPphism, large cqstals  of calcite h~v ing  formed where the 
rock wns sutjected to high temperature. For example, northwest of 
Tarn Mountain adjncent to an intrusion of diorite, crystals in the 
marble are as much as 3 centimeters in dinmeter; normaIly the crystals 
rnnpa from M to 3 millimeters in diameter. 

Other minerals in the marble am feldspar, pyroxene (diopside), 
epidote, quartz, garnet, chlorite, pphite,  hornblende, pyrite, magne- 
tite, nnd wollastonite. The marble undmbtedly contains some dolo- 
mite but none was recognized in the thin &ions exnrnined. Where 
it is in contact with light-colored igneous rock, the marble is commonly 
replaced in pnrt by garnet, pyroxene, and in R f e n  places by magnetite. 

Schist.-A small amount of schist is included in the marble-gneiss 
sequence. Biotite schist and hornblende schist occur in almost equal 
amounts. The hornblende schist resembles the dark-dored gneiss 
in mineral composition nnd differs from it only in the degree to which 
preferred orientation of minerrtls hnvs h e n  formed. The largest 
known body of biotite schist is about 1,000 feet thick and extends 
from Mineral Mountain 6 miles north to a poht north of Wedge 
Monnhin. This band lies structurnlEy below the lowest mapped 
marble nnd is separated from it by several hundred feet of gneiss. 
Biotite mhist emps out north of Idaho Inlet at several places near the 
contact of the marble-gneiss and the diorite and a few small bodies 
of schist am scattered throughout the gneiss in the s m e  ares. 



154 ~ R A L  RESOURCES OF ALAGKA 

The relation of oft various minerals b each other and the unusua1ly 
large number of minerals in the rock indicate that minemls in the 
biotite schist were in the pracess of readjustment when the main period 
of metamorphism ceased. The following minerals were noted in thin 
section: hornblende, feldspar (two ages), quartz (two ages), biotite, 
chlorite, sphena, apatite, pyrite, and epidote. All except apatite ~ n d  
sphena are present in appreciable amounts. Most of the biotite schist 
contains quartz which was introduced at the time of maximum metrt- 
morphjsm. In places the quartz is so plentiful that it mcum along 
folintion planes as bands and lenses. In n few places, such as near 
the peak of Mineral Mountain, quartz bands several feet thick have 
formed. The introduction of quartz appears to h a ~ a  nnbalanced the 
chemical equilibrium of the rock. In most thin sections examined, 
qunrtz replaces most of the original minerals, and probably was an 
important factor in the formation of new ones. Hornblende and 
biotite typically are partly altered to chlorite. 
The biotite schist mntains two n p  of feldspar. The older is the 

more altered and is replaced by the younger. Generally, opaque min- 
e13ls are not abundant, but in a few places the biotite and hornblende 
schists contain a considerable amount of pyrite. A band of amphibo- 
l ib schist on the ridge 1 mila southeast of Mineral Mountain contains 
as much as 10 percent p~rrite. 

AmpRiboZe hmfels.-Part of the rock mapped as belonging to tha 
marble-gneiss sequenoe is a dark-o01ored, fine-ptrined rock which is 
called amphibole hornfels in this repart. The term "hornfelsn as 
wed herein simply means a metamorphosed rock that is so fine mined  
that the individual grains cannot b rempbed with the unaided eye. 
Amphibole hornfels and subordinate coarser grained amphibolite 
mver several square milas on the northern part of Chichagof Island, 
One mass of amphibole hornfels crops out near tho top of the ridge- 
east of the ~ i l laga  on Idaho Inlet. The same rock cmps out along 
Trail River and 2 miles southeast of Pyramid Mountain. 

Unless the marble-gneiss sequence is overturned, the amphibole 
hornfels constitutes the uppermost rock unit of the marble-gneiss 
wuence between Lisinnski and Idaho Inlets. The amphibole horn- 
fels appear to rest conformably en the mt of the marble-gneiss 
sequence, but th0 relationship is obscured because of the complex rock 
structures and the lack of g o d  exposum, Probably the arnphihIe 
horn f ela waa originally a rnafic volcanic mk, 

The muphibole hornfels is cornpod mainly of hornblende and 
plagioclase, generally andesine. Commonly the hornblende constitutes 
SO to 70 percent of the rock by volume and the plagioelase; 20 to 40 
percent. Two to 10 percent quartz was found in all the thin &ions 



examined. Pyroxene, commonly diopside, may campme aa much as 
10 p e r ~ ~ n t  of the m k  M& of tB pyroxene is partly altered to 
hornblende, and the writer belives that a fairly large proportion 
of the pyroxene has been comple~ly altered to hornblende. Accessory 
minerals mmmm in the ttmphibola harnfels include apatite, ~phene, 
and nnagnetita As a d e ,  chlorite and epidote alteration is not ex- 
tenshe. The feldspar is saussuritized, and some of the hornblende 
crystals are partly raplaeed by chlorite around the margin of the 
crystals. 

SZigntEy mhmwvplioeed . d & r w e y  m&.Qedimentarg 
that are hlieved to be the y o u n e t  in the marble-gneiss sequenca 
crop out in aa elongate belt in the area southwest of Stag Ray. They 
extend about 8 miles from a point 1% miles north of Pinnacle Pe& 
to Otter Lake. Similar rocla crop out along the same line of strike 
from a point near the autlet of the Ooulding h k e s  to the valley of 
Black River in the Chichagof mining district. The rocks in this belt 
am the most highly folded of m y  found in the mapped arrsa. The 
regional strike is generally northwest, but tha dip is highly variabla 
One peculiar structurd featum of the sedimentary rocks is the low 
mgle of dip. Dips a8 low aa 20" are common in these mk but are 
not found at any other place in the area mapped. The CBUSB or sign%- 
WGB of the %at dips remains unexplained. 
T h e  sedimentmy m h  probably underlie the gmmshne dt. 

writer believes that the contact between them is unmnform~ble be- 
cam the underlying mcks am more highly deformed than is the 
yoanger greenstone, and because the contact, is irregular, suggesting 
that it is an erosional mrfaoe. 73s sedimentary rock succession is in 
mntsd with igneous rmk s~srgwhem within the mapped ares, and 
the relation between this sedimentary rock and lower bedded rocks 
is not hown. 

The slightly metrmorphd mdimentary mks include three main 
lithologic unih: an upper unit consisting of thin-bedded chert inter- 
bedded with black shale, a middle unit composed mainly of thin-Mded 
limestone, and la lower unit consisting of sandstone and siltstone. The 
upper llnif the chert, ranges in thicknass from 20 to 500 feet. In out+ 
crop it is thin badded, and individual strata average abut  2 inches in 
.tbichem The upper part of t h ~  unit contains only che& but the 
lower part contains m a  graphitic ~htale interbedded with the chert. 
The chert ia m m p d  mainly of be-grained quartz and in places it 
contains small Bakes of mricilte. The quartz is eguigranular snd cam- 
monly has sutured borders. The c r y s t d ~  range from 0.003 to 0.03 mil- 
h e h r  h diameter. Probably t h e  chert has been glightly metamor- 



phased. The rock unit stratigraphicaIly below the chert consists of 
thh-bedded limestone interstratified with thin silimous bods; it is 
about 700 feat thick. In outcrop the thin-bedded limestone is white, 
gray, or tan and conaists of beds 1 to 6 inches thick In a few placas, 
particularly near the top of the unit, the thin-bedded limestone is in- 
tarlayefed with graphitic shale. A few unidentifiable iossil frag- 
ments were found in the limestone where it crops out on Big Chief 
Mountain. 
The Taw& unit in this succession of sedimentmy rmlw consistn of 

a n d s h e  and siltstone, and is estimated to be between 600 m d  1,000 
feet thick The upper part is conformable with the overlying lime- 
etone and the lower park grades into gneiss which iis in contact with 
igneous rock. This lower unit has not been examined in detail because 
the r o c k  are poorly exposed and crop out in relative1y'inaccessible 
areas. !The rock in oatcrop is a moderate yellowish to dark brown. 
Beds range from less than 1 foot to 6 feet in thickness. Ma4 of the 
rock is h e  grained. Quartz and feldspar are the most common 
minerals. 

Several bodies of greenstone lie stratigraphicalIy below the sand- 
stone-siltstone section, but are separnted from it by igneous rock T h e  
igneous rwks containing the greenstone crop out intermittently in a 
narrow zone that extends from Stag Bay to Goulding Lake. The 
greenstma is perhaps correIative with the amphibole hornfeb that 
crops out north and east of Tdnho Inlet and is described abova 

No fossils sufficientIy well prsserred to be identified hcsve been found 
in the marble-gneiss sequence, and the age of fie seqaenee remaim 
unlmom. Moreover, because its structure is confused by major in- 
trusive bodies, the re1ationship of the marbIe-gneiss sequence to for- 
mations of probable Mesolaic age is imperfectly understood. 
The marble-gneiss sequence lies structurally below m h  of Meso- 

zoic age, and does not resemble any part of that mtion ; f rurthemore, 
the marble-gneiss sequence is more highly metamorphosd than the . 
rocks of Mesozoic age; thus, the marble-gneim probably is older than 
the rocks of Mesozoic age. The ma~ble in the &rite east of Idaho 
Inlet is probably cuprelative with the limestone of Silurian ago 
(Inuddinffton and Chapin, 1929, p. 80) which crops out on the north 
side of Ten&ee Inlet. A similar limestone also mentimed by Bud- 
dington and Chapin, which is h o r n  to have been depositmi in 
Silurian time, m p s  out in Glacier Bay. 
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GREEW%TONE urn 

D~TIUBUTXOW AND ~EQLOUIQ I ~ E L A T Y O ~  

The oldest bedded rock recognized by Reed and Coats (1941, p. 
14-19) in the Chichagof mining distr ict  was cnlled by them the p n -  
stoneschist q a e n c e .  They m g n i z d  two lithologic units, ta which 
they referred as the upper snd lower part& The lower part consists 
of dirnentarg and volcanic rocks; the upper, of metarnorphwl 
lava, The uppar part is in fault mntact with s similar rock, called 
by them "the greenstone formatio~" Additional m~pping by the 
writer of the same sequenm of rocks farther northwest shows that 
there is no fundmental stratigraphic break between the greenstono 
formation as mapped by Reed and Coats and the upper part of their 
pnston+schist sequence. The lower part of their greenstme-schist 
squenca is lithologically different from tha upper and, in addjtion, 
the contact between the upper and lower parts may be nuconform- 
able. The miter  believes that  lower part of the greenstone-schist 
formation ss mapped by Reed and Coats is correlative with the rocka 
mapped as the uppermost beds of the marble-gneiss Bequenm ( pl. 32). 
h~ this report the name pxnstone-schist is not used. Rocks mapped 
by Reed and Coats as the lower part of tho  peenstone-schist for- 
mation am included in the rnnrble-gneiss sequence, and the p n s t o n e  
formation and the upper part of Reed and Coats7 peengtone-schist 
formation make up the gme.nstone unit of the present report. 

The greenstone unit crops out in a belt extending nosthwestwrtrd 
from the northeastern corner of the Chich~gof mining district to a 
point 1% miles northwest of Lake Elfendaht The average width of 
sutcrop is about 2 milea. The averag.e thickness is probably about 
8,000 fd The greenstone is conformabfy overlain by marble. 
Another area containing rocks similar to tho= of the greenstone 
unit extends in a linear belt from a point 4 milas north of P~lican 
ta the north edge of the largest of the Ininn Islands. This belt is 
bordered on the emt by younger diorite and on the w e  by marble 
which may be equivalent to the marble unit soutl~ of Lisianski Inlet. 
Between the head of Port Altllorp and the Inian I~lands the rocla 
which are probably equivalent to  the greenstone unit have been 
recrystallid to amphibolito. 

The rock included as psrt of the p n s t o n e  unit north of LisiansK 
Inlet ia correlated with the greenstone unit south of Lisianski Inlet, 
solely on the bnsis of similnrity in rock type and in the order of suc- 
mssioa of the several rock units. Some of the recrpta1Iized rock 
found on the Inian Peninsula sppeam to be derived from stratified 
sedimentary rock. In this respect the rock mapped as part of the 
greenstone unit north of Lisianski Inlet dieem from the penstone 



unit sonth of the inlet; the latter is made np almost entirely of massim 
and schistose greenstone and amygdaloidnl greenstone, 

The more common rocb in tbe greenstone unit may be conveniently 
mbdivided into massive and schistme p n s t o n e ,  amygdaloidal green- 
stone, massive and schistma amphibolita, and banded amphibolite. 
The schistw varieties of greenstone and amphiblite occur in much 
mndler amounts than the massive greenstone and amphibolite; all 
these m h  are derived from older rocks of ma& composition. The 
massive greenstone and amphibolita are derived from basaltic hva  
flows and the banded anphibolite from bedded m d c  sediments or 
interbedded mafic sediments and volcanic rocks. 

dimeive md echhtoee gree7eetom.-The massive greenstone is sa 
h o  grained that individual grains usually cannot be m a  with the 
zrnsided eye. In fresh exposures the rock is generally dark green, 
but locally it may be dark red or purple. Weathered mrftlces am 
lighter shades of green or gray* South of Lisianski Inlet the d 
ia massive; bedding and smaller-sale structures within the beds ara 
rare. Under the m i e m p e  the original rock-forming minerals 
appear altered; same ztre nnidentifiable. The common minerals are 
hornblende, qu&q epidote, clinozoisita, chlorite, pyroxene, pyrite, 
and rnap;netib. Hornblende is in part an original mineral, and in 
part is formed £ram pyroxene. Quartz makes up 20 to 60 percent of 
the rock, a much higher percentage than would be suspected from 
examination of hand specimens. The greenstune is cut by a. myriad 
of thin white winlets which range from ~aper-thin seams Ito as much 
as several millimeters in thickness. The veinlets are largely prehite 
ttnd I e ~ r  amounts of quartz, chlorite, and calcite. 

!t'he greens ton^ schist is mainly derived from the massive green- 
stone by intense and widaspresd shewing st-. It is d i c u l t  to 
estimata the volume of the greenstane whist, but pmhbly it cornposas 
one-hth of the grem~tone unit. The greenstone schist contains trem- 
alite or actinolite, quartz, and feldspar, plus smnll amounts of chlo- 
rite and epidote. In all thin sections of the greenstone schist examined, 
the minerrrls apparently are less altered and more nearly in chemimI 
equilibrium than the minerals in tha maasive greenstone. The most 
common feldspar is albite OF ssodic oligoclasc. 

Amygdal6idd gmem tone.-A specimen of amy gdaloid~l gmmsihne 
was taken from the top of the highest hill about 1 mile due north of 
Pinta Bay. The groundmass of the rock is fine grained and cansists of 
altered pyroxene, chlorita, elinozoisite, epidote, and a mall  mount; 
of quartz and feldspar. Tho largest grains in the groundmass are 
pyroxene crptals which have a rnsximum length of 0.1 mm. Feld- 
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spar is present as ragged, widely scatbred grains. It is highly 
mumuritimd, and probably much more feldspar was in the original 
rock than can now be recognized. Fractures, some of which contain 
veidets, cut the rock in all directions. The most common vein min- 
exerala are prehnita and chlorite. 

The arnygdules, the largest of which are I inch in diameterf ltre 
composed of quartz and scattered crystals of epidote. They contain 
some clino~oisita that apparently formed from epidote. Under high 
rnqpification the quartz shows needles of a pale p n  amphiboIei, 
probably actinolite, and undulatory extinction. 

M a s s i ~ s  ampht%oZite.-Most of the greenstone unit map@ on 
Inian Peninsula is metamorphosed to rt massive ar banded amphibolite. 
h a l l y  the massive amphibolite is sheared ta whist- arnphibo1it.a 
In outcrop massive mphiboIite is dark green to pny. Its textllre 
ranpfes from granoblastic ta coarsely porphyroblastic. The average 
grain size of typical mmive amphibolite ranges from 0.5 to 3 milli- 
metem. In places, however, the average grains of rtlnphibolite am 
no  large^ than 0.03 millimeter whereas in other areas the rock contains 
crystals several inches long. A few hornblende crystals are more than 
2 feet long, but these are uncommon. The essential minerals of the 
mphibolih are hornblende and feldspar. Other common m i n e d  
are quartz, chlorite, clinozaisite, magnetite, sphene, pyrite, and apatite. 
In a few places biotite or pyroxene maka up an appreciable part of 
the mk. 

Wornblends is in dl the rocka examined and commonly is ths rn& 
abundant mineral. It is irregular in shape and most grains have 
deeply ernbayed borders. In most of the mck the hornblende may 
include p i n s  of qunrtz, feldspar, pyroxene, epidote, or older born- 
blenda Individual hornblende crystals have been okmed which 
contain 20 to 60 p a i n s  of other minerals. 

Plagioclase feldspar is nearly as abundant rrs hornblend& It ran@ 
from albite t~ Isbradorite in composition, bnt in mast of the rock it 
is sudic andesine. The albite appears to have formed by metamor- 
phism. Other feldspar in the amphibolite is mussnritized and a few 
grain8 contain needle-shaped crystals of nmphibolite. 

Quartz has two distinct modes of marrence. Some of it is in the 
form of rounded grains that were part of the original rock Theso 
m d d  grains am usually cloudy and high magnificstion ishowa 
numerous inclusions, many of which are m a l l  crpbls. The other 
form of quartz is clear and usually has lobate contacts against other 
minerals, suggesting that it replam them. Commonly it occurs aa 
vainlets. 

Epidate, l i b  quartz, is of diverse form and of several ages. The 
oldest is found as grains embdded in hornblende and in the wnbm 
of younger epidote crgstab. Epidoh veinleh are mmmon. One 
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specimen from the south side of Inian Island shows epidote rtbnndmt 
in the w d l  rwk near an epidota-bearing veinlet. Tbe amount of epi- 
dote decreases away from the veinlet, which suggests that the epidota 
replaced the rock in which it now occurs. 

Nearly all the massive arnphibolite contains fine-grained cwtals 
of chlorita as incrustations surroundimg hornblende crystals and as 
irregular masses between other minerd grains. Sphene is uniformly 
distrjbutad throughout the rock. Normally it is in euhedral crystals 
which show well-developed preferred orientation with their long axes 
p~rallel. Medium-gained amphibolite contains crystals of sphene 
averaging about 0.2 millimeter in diameter. 

Pyroxene is lacking in much of the amphibolite, but locally it is 
abundttnt. Homnlly rocks containing pyroxene are those in which the 
feldspar kntent is low. In saveral lmlities near marble beds, the 
mphibolita mntains a green, highly pleochroic pyroxene belonging 
to the diopside-hedenhrdk-wmite isamorphous series. The optical 
properties of the pymxene indicate that it has an approximate corn- 
position of DirsHe&c,,. 

Amphibolite generally contains little or no biotite. , Whare the rock 
contains secondary qnnrtz, however, as much as 15 to 20 percant biotite 
may be p m n t .  Usually rock containing biotite mernble~l djorite 
texturally. The biotite appawntly formed from hornblende or from 
chlorite which in turn formd from hornblende. Retrogressive mew- 
morphism hw affected mmt of the biotite-bearing rocks, as is indicated 
by the nccurrence of chlorite around the rnrtrgins and along thc. cleav- 
itge plrtn~q of the biotite crystals. 

Banded ~ ~ b o l i i ! e . - - ~ ~ e  band4 amphibolite differs from the 
massive amphibolite in that it is made up of rclternating ligh+colomd 
and dark hnds. Most is derived from rocks of tho penstone and 
achist units and js best shown on Inian Peninsula and the Inian 
Jslandg. It8 di~tribution is chamteristic~lly irregular rand is not 
differentiated m the geologic map. The largest body of banded am- 
phibolt& crops out on the east side of the Ininn Peninsula and extends 
from tha northern tip m~ithwarrd for 21/2 miles. Another body sf 
wphibolite extends northward from the north shore of Salt Chnck 
Bay on the west side of the Inian Peninsula for about 1 mile. The 
rocks in both of these bodies of banded amphibolita grade into mas- 
sive amphibolite nlong the strike. Smaller rnRsses of banded am- 
phibolite are found on the Ilnitxn Islands. In outcrop, the contrast in 
color between the bands is marked and gives rise to a distinctive rock 
type, In the well-banded nrnphibolite, the I ight bmds mntrrin almost 
no dark minerals, and the dark bmds contain few light-colored min- 
erals. The dark bands are the wme in textum and mineral composi- 
tion as the massive ramphibolite. Generally the light bands are 
narrower than the dark bands within any one rock group. Feldspar 



and quartz are the msin minerals in the light bands, a d  feldspar is 
about fonr times as abundant as quartz, T h e  texture wsembIes that of 
narmal diorih Under the microscape the contsct between bands is 
seen to be; gradational, although it appear3 sharp in the hand specimen. 
Small irregular-shaped grains of hornblende m r  throughout the 
light bands but are most plentiful near the conhcts. The distribution 
and shape of them p i n s  suggwt that they are unreplaced mmanta 
of larger cqstals. 

The banded amphiboIita occura in the same geologic province and 
has undergone the same type and degree of metamorphism that the 
massive amphibolite has undergone. The banding is undoubtedly due 
to the character of the original sediment. The fact that the horn- 
blende in the Iight-colored bands hns probably been replwd by feld- 
spar and quartz suggeats that metamorphic segregation has taken 
place. The writer believes that metamorphism has aooentuatd the 
contrast in mineral, awmblages of the bands, and that, at least locdly, 
the Iighbcolored bands have become Iigl~kr in color through replace- 
ment of the dark minerale 

South of Lisianski Inlet a band of marble separates the p n s b m  
from the overlying whist formation; appmntly both contacks ere 
conformable. The ;same rock unit kaa baen described, by aeed and 
Coats (1941, p. 22-24) under the section on limestone. This marble 
band mp;es from 200 to 1,000 feet in thickness, as compared to its 
mhrnnm t h i h e s s  of 1,500 feet in the Chichagof mining district, 
Within the mapped am+ the marble unit extends from the head of 
Godding Harbor to Lake Morris, where it presumably is cut off by 
the stock at Lake Elfendahl. The unit thins northward and is present 
norkh of Ltake E l f endd  as small discontinuous bsdies. An isolated 
body that crops out on the south side of Cub Mountain may be psrt 
of the marble unit. A marble-&ng sequence too small ta map crops 
out near the magnetite deposit on the east flank of Mount Hill. These 
srnaIl bodies may belong to the marble unit or they may simply be 
mall beds or lenses of marble in the overlying schist unit. 

North of Lisianski Inlet s, narrow discontinuous band of marble 
extends fmm a point 1 mile north of Pelican to the north edge of 
the largest of the Inian Islands. Other similar mas= crop out south- 
east of the head of Lisianski Inlet. All these may belong to  the 
marble unit. 

The marble north of Lisianski Inlet has an average thickness af 
about 100 feet. The aouthern part of the band dips east and is prob- 



ably overtnmed. The northern part dips stmply in either direcEion or 
is vertical. In placa the marble pinches out or is off wt by faults. As 
tha marble cannot be traced across the head of Port Althorp, some 
doubt exists as to whether the band on the Inian Peninsula is a con- 
tinuation of the band to  the south; however, bath parts lie along the 
aame line of brike. 

In outcrop the marble ia light gray to nearly whit& On v d  
surfaces the rock is deeply etched nnd fluted by solution. In timbered 
arena the eharmhristic hummocky karst topography indicates the 
presence of the marble even whera it ijs covered. Underground drain- 
age is common, and few streams cross the marble except near sea 
level. 

The marble band exposed north of Lisianski Inlet does not clmely 
m m b l e  the marbls unit south of Lisianski Inlet, probably h a n m  
it hna undergone relatively more intense recryshIIization. In places 
un the north end of the Inian Peninsula the marble pale red or 
Feddish omnga and is cut by anastornosing stringers of a palegreen 
mineral. 

PgTgOLOQY 

Mast of the limestone which originally made up the marble unit bras 
been mqsfxllized to marble. Farther south, correlative rocks are 
less recrystallized and are considered to be limestone (Reed and Goata, 
1945, p. 22-24). Calcite is the dominant mineral, but magnetite, pyritq 
quartz, and feldspar are pment locally. Garnet and we'llastonite 
have developed where the marble has andergone intense thermal 
metamorphism. Some of the marble is dolomitic, but the relative 
abundance of dolomite is not known. It is recognized on weathered 
surfacea where it stands out in relief as riblike rid- or as single 
crystals. So few of these ductares were found that dolomite is be- 
lieved to be mm 

Magnetite deposits have formed in a few places along the contact 
of the quartz diorih and the marble. One auch deposit crops out 1 
mile south of the entrance to Stag Bay ; another mops out on t h ~  we& 
central part of the Inian IsIand group (pl. 12). The mineral as- 
semblage is the same in both deposits. The rich& ~ i m e n s  con- 
tain 70 to 80 percent magnetite. In the hand p i m e n  a bright green 
pyroxene, hedenbergib, is visible, and in thin section quartz can be 
aeen as small grains and irregular m. 

AQE M D  O O W U T X O I  

The marble muth of Lisianski Inlet is part of the =me band that 
extends acrm the Chichagof mining district hnnd that haa been as- 
signed somewhat doubtfully to the Upper Triassic by Reed md Co- 



(1941, p. 24). The lhmtone cropping out on h i a n  Peninsda, 
Althorp Peninsula, and st the head of Lisianski Inlet is correlated 
with the marble band south of Lisianski M e t  on the bmk of litho- 
logic similarity and by its relations to the overlying and underlying 
stratikd rocks which resemble the *hi& and greenstone formations, 
respectively. It should be pointed out that these bedded rocks rare 
correlated with the schist and greenstone units south of Zjsian& 
Inlet solely on the basis of litl~ologic similarity and order of succes- 
sion. Stratigraphic relationships between the marble and overlying 
achist units indicah that there is little difference in age between them ; 
the schist is regard4 as being of Jurassic age, and the marble unit 
is also tentatively migned a Jurassic age. 

BCEXST UNIT 

D f B m V T I O W  AlJD QEOLOOIO R a A O X P B  

T h e  whist is one of the thickest and most widespread roek units on 
northwest Chichagof Island. It extends from C r m  Sound to the 
eastam boundary of the Chichagof mining district. Undoubtedly it 
extends much farther southenst, probnbIy at l m t  as far as central 
Baranof Island. Itocks that are probably equivalent to the schist 
unit crop out north of Lisianski Inlet. These r& extend north- 
ward from a point near Pelican to the Iniian IsI~~nds. Subsequent 
mapping by the writer shows that similar m k  crops out north of 
Cross Sound in e belt that lies along the east side of Taylor B&y md 
Bmdy Glacier. This belt is about 14 miles long and is in places as 
much as 2 miles wide. Another belt of rwks which probably are part 
of the schist unik crop out southeast of the head of Lisianski Inlet 

The t h i c h ~ w  of the unit probably exceeds 9,OQO fet but is d8icult 
to determine accurntely because of the abundant small-scale folds and 
cmrnphg generaIly common in the schist. The contacts at both the 
top and bottom appear to be confomnbTa, but the rocks have nnder- 
e n e  deformation that is d c i e n t l y  interm to have destroyed the 
~~idence  of an nncdn f omity either at the cantacts or within the unit. 

Originally tho schist nnit consisted mainly of tuff* a few lava flows, 
and tuff -interbedded with sedimentary material. Interstratified with 
these beds were carbonaceous shale, he-grained carbonaceous p y -  
wacke, chert, and some limestone. In geneml there are mom massive 
graywacke and more greenstone in the rocks of the schist unit in the 
Chichagof mining district than there are in correlative m k s  in the 
a m  of this report. The rocks of the schist unit have all been meta- 
m o r p h d ,  and the most common is a greenstone interstratified with 



a pphitic =hist. In s few areas whom the metamorphism has been 
relatively inbase the xhist unit has been metamorphosed to an am- 
phibolite orto a crystalline schist, 

Interbedded g ~ e e n a w  and gmpAi&h sch&t.4reenstone intar- 
bedded with graphitic schist crops out aouth of Lisimki Met in a 
wide but intennittent zone that extends from Mount Win south b 
Goulding Harbor. The same zone continues southeast across the 
Chichagof mining district. To the northwest the same m k  crops out 
h a zone which extends across Yakobi Island. North of Lisimsb 
M e t  the same type of rock crops out in an area that lies between 
cmss Sound and a point on Li~ianski Inlet ahnost opposite Miner 
Island 

The mineral asmmblqp in the grmstane of the schist nnjt m- 
mbles  that in the p n s t o n e  of the greenstone unit. The common 
minersls are: angih, epidotq and labradorite. Pyrite, rnagnatih, 
and chalcopyrite are common locally, Rucks in the cliffs on the 
south ridge of Cub Mountain, as well as those in several mountains 
lying betwm Stag Bay and Goulding Harbor, are rust stained 
from the oxidation and Iwhing of pyrite. Chalcopyrite is particu- 
larly abundant in an area extanding several miles northwest of 
Goulding Harbr, 

The greenstone is extensively altered by low-grda mebmorphism. 
Chlorita, zoisite, epiilote, m d  prehnite are the most common minerals. 
Laumontite, a calcium-betaring zeolite, is sparsely but widely diskrib- 
u t d  in the m k .  Original pyroxene is usually chloritized, The 
metamorphosed rock wntains abundant unaltered crystals of new 
actinolite or tremolite. In places altaration of the original feldspar 
has resultad in the formation of dbite and epidote, 
The pphitic schist interbedded with the greenstone commonly 

consists of quartz and lesser amounts of npidote, clinozoisite, and 
gr~phita Biotih and chlorite are prawnt IwalIy, prtrticularly where 
t l ~ a  rock has undergone a, high dogme of thermal metamorphjsm. 
Graphite appears to b abundant in the outcrop and in the hand 
specimen, but under the microscope was found in only maall amounts. 

The interbedded greenstone and pph i t i e  schist are incompetent, 
and because of this they am usual1 y highly intermixed. Commonly, 
bdding is compEeteEy destmyed, Undcr the m i m m p e  the rock 
appears highly comminntd and most minerals are shattered or show 
evidence of strain. Reed nnd Coats (1941, p. 25) mgn% the lnck 
of mmpebnce of the rock and attributed thinning of the schist unit 
in the mntral part of the Chichagof mining district to lahral migm- 
tion of the rock by plastic flow. The wribr has noted several areas 

the of the schist unit exhibit this characterktic of flowage. 
m e  most notable e x a m p l ~  occur on Thm Hill Island, the, w~.stern 



tip of the Geoqp Islands, and along the contact of the diorih a d  
the schist unit on Althorp Peninsula south of Lwy Cove. 

Gremtmae 8chkt.--Gmnst;one gchist derived from volcanic rocks 
is present in a few pltlces within the greenstone unit. The largwt 
known maim of schist crops out along the shores of Lisianski Strait 
south of the junction of the strait and Stag Bay. Other masses crop 
out on the north shore of Lisinnski Inlet near Cross Sound. 
In outcrop the penstone whist is usually some shade of greaa 

Foljotion is well depeloped. The shewing stresses that developed 
the schist d&myd my older structures, such 8s bedding, which may 
have existed. The p n s t o n e  =hist is ordinarily composed of fibrous 
amphibole set in s matrix of quartz, feldspar, and a f m e p i n s d  
amorphous material. The average grain size i~ about 0.02 milli- 
meter and, consequently, identification of Ithe mineral constituents 
is difficult. Common minemls in a few specimens include epidote, 
actin01ite, chloriw, quartz, albite, and clinozoisite, Other minerals 
foand locally include augite, hornblende, and sodic amphibole. &lag- 
netite and sphene are common acmsory minerah. Most of the 
quartz is interstitial, but in places vague outlines of rounded quartz 
p i n s  are still discernible. 

Feldspar is lacking in most of the greendone schist, but in places 
it is abundant. Reed and Coats (1941, p. 27) describe one specimen 
from the Chichagof mining dishrict which mntains 20 p e m t  albite. 

The feldspar usually shows either a complete lack of twinning or 
only simple albita twinning. Zoning of the albih baa not been ob- 
served, and if present, it is rare. Gmnstone schist thak contains 
albite also cantsins abundant epidote and ~Iinozoisik. 

Limstm-Most of the limestone in the schist unit Iies in the 
upper t.hird of the &ion. SeveraI beds have been mapped in the 
area cask of Mirmr Hwbor, and a few smdl lenticular masses were 
discovered soutlt and west of Lake Elfendahl. k w t o n e  in the 
schist mit is similar in &or and composition to that  in the marble 
unit but is generally less metamorphosed. In a few plwm the lime- 
&ne contains irregular masses of quartz which prob~bly are the 
remains of silicified fossils. 

No new data ragarding the sgg of the =Kist unit were obtained 
during the mum of the geologic mapping. Rerid and Coats (1941, 
p. 2940) give almost a11 that is known concerning the am of Itha 
greenstone unit : 
The f M l s  on which rests the age assignment of the schist an8 the older 

bedded rock8 of the dhtrict were collw3M from a large bonlaer In Goon Dlp 
Blver In the canyon at the nortbea~t foot of G o w  Dip Mountain. No f o ~ l l a  



were found in any of the mestone in place. From ib pasltion the bonlder 
could have come from either the limestone to the es#t or from the large l ime 
stone lena In the schist on Emu Dip Mountaln but I t  seems much more likely 
tbat the bm~lder came from the Iarge timeatone lens. On the assumption that 
i E  came born the lens, the formation, because of the inadequacy of the fosails, 
b m e w h a t  donbtfnlIy assfgned to the TrIasaic gerlud. 

The fossils were studied by John B. Beealde, Jr., who reporta aa follows on 
the -!men$ ~ubmltted : 

'This lot containa a mmlline tm Ln the form of moid massea Moat of 
the flne atrncture ha8 been destroyed by recry~talllzatlon. and close identifi- 
catloa fa not pmalble. The Paleozoic paleontologlats think that it is not a 
Paleoxoic t m .  I anggmta in mme resped8 an Upper Triassic form placed 
by J. F. Smith In the genus Hetmleridtnm; In others Et snggeata forma 
placed by Smith in the genua bpoffgiomorpha. I am strongtg Incllned to believe 
i t  referable t o  the Upper M a s s i c  but cannot deflnttely prove the cam either 
wag on thie material alone." 
One lot of the several coll& by an employee of the Eirmt-Chlchagoi Mining 

Ca on Xmmf laland In 1938 waa reported by R&de a~ "dark-gray llme~tone 
with many aIlldBed corala The sIlIcIdcation has destroyed moat of the emaller 
details, but the forma preeent seem to Include a TheoeaamiUa llke 5". nwica 
Fmh, ae wed by Smith; an Isastfea like I .  puma Smith; and a third form 
that may he a of  B p ~ l p i o n a o ~ h a .  The only fauna of this typ? that 
X know Is from the Upper Tsiasalc." 
The rmks from the Chlchagot diatrlct and those from E m f  Inland have 

not beeD correlnted in the fleld, but they are in the Bame general ~tmclnral 
and llthologlc beIt 

From the above it is evident that little positive evidence is known 
concerning the age of the schist unit. The wr ibr  has carefully 
examined the contact of the schist and p y w a c k e  in the Chichagof 
mining district as well as in the area of the present report. At nu 
place has a suggestion of a diwonformity or unconformity been 
faund. Furthermore, the whist graywacke contact shows a grsdatlon 
in ~ock type indicating that the change in environment of gedimenta- 
tion and source areas wss gradual. Overbeck (Reed and Coata, 
1941, p. 35) collected fossih fmm S l o m  Arm that mlry be of Late 
Jurassic age. Reed and Coats am ind ind  to believe the rocks con- 
taining the fossiIs belonged to the graymackke formation. This area 
has not been plogicnlly mapped, however, and mrtnin rocks in the 
schist unit are Iitholagially similar in appearance to those in the  
p p & e  unit. Furthermore, if the fossils did come from the p y -  
wacke and a m  Jurassic in age, then the underlying formation is 
either Jurassic or older. 
The present wrjter believes that no p t  difference in i~p is 

indicated between the upperma mla of the shist unit and tho 
lowermost mka of the pywacke  unit md, in consideration of the 
above, tentatively regards the schist unit as being of Jurassic age. 



The .ga~ngest (~1mlidat.d beddd rock that has been mcognid 
rn Chichagof I d a d  is a thick, dark-oo ld  ~ u e n c a  Appamtly 
the & crop out along the full length of the west coast of Chich- 
agaf -1slmd. S i d ~ r  rocks crop out at Cape Spencer t6 the north 
snd on Baranof and h o f  Islands to #EI south. The regional strike 
is nmthweab and the dips, usually steeper than &*, are to the south- 
we& The m ~ i ~ n  is d e d  the ''graywacke formationn by R e d  
a d  Coats (f9U, p. 33-85), and tbe name "graywake unit'' is used 
in thia report to refer to this sequence. 

The unit has a maximum outmp width of 2 miles and extends in 
a continuoas h d  from Dry P&xage to Lbim&i Strait. T h e  total 
thi- of the pywacke  unit and its &%tiom to overlying rock 
am &own. &though extensively intruded by iper,ua ~DC& the 
gravacke m d o n  is dmctUT&11y simpla From Dry Pasnge 
t~ Ielm Bay the r& strike uniformly northwest and dip about 
6Se SW. Between Islaa Bag and Lisianski Stmit, the graywacke 
k -lit into two limbs by the ~ tmk at X;DSt Cove. The sonthem limb 
maintains the northwest atrike and muthwest dip as far as bssianski 
Strait. T ~ B ,  aorthm limb has a mom northerly stdm and steeper 
di pa 

The gaywach appeam to rest conformsbly on the schist unit. 
Reed sad Conta (1941, p. 31-32) wem of the opinion that an uncon- 
formity might exist between the two although they found no positin 
evidence of on& Tha miter has mamined the contact at  many placq 
h t h  in the Chidhagof mining drstrict and in the area included in this 
report. Whem the contact was observed the two units grade without 
apparent mconfomity into one mother. Mthaugh greenstme frag- 
ments m m b l i n g  racks of the penstune and schist units do appear in 
the graywacka9 the fragments may have come from a locality outside 
the ares map@, where uplift may have exposed the underlying rock& 
Some greenstone is also interbedded with the gxaywacke. The grada- 
tional contact between the penstone and pywacke units seems to 
indicate that they am mnformnbb in the a m  included in this report. 

PETBOLOQP 

The gra.vmke unit is made up mainly of massive and shaly gray- 
wacka bmea of greenstone, howe~ar, are common, particularly in 
the upper part of the unit, The amount of gmnstone in the gray- 
wacke unit in- from the muthead to the nortllwest, and the 
graywwke unit on Yhkobi Island at the south end of Lisianski Strait 

dBm61- 



contains at least 30 pmcmZ gmmstona Chert is p m t  in small 
amounts. Conglomerate is virtually a h t ,  althongh present farther 
south in the muthe&m part of the Chichagof mining di&i& 
In outmop the graywacke shows distinct bsddmg. Differems 

between beds are due to v~riations in color or in grain size, or to a 
combination of both. Beds range from less thm an inch to SO feet 
in thickness; most, however, am between 6 inches and 3 feet thick. 
Beds persist for mnsiderable dishncea, and Iataral thinning or thick- 
ening is generally mobsewable in oukmp. 

A much thicker section of graywacka crops out in the Chichagof 
mining district (Reed and Coats, 1941, p. 30-35) than in the area 
mapped by the writer, The graywacke in p l a w  ia metmoxphd,  
and muscovite, mdalusite, pala red garnet, and staorolib have formed, 
hdalusiite is found in the rocks oper several myare miles ; tbe greatest 
concentration is along a northwestward-trending mne extending from 
Sea Level Slough to the outer part of Islas Bay. 
In weathered outcrop, light-colored crystals of andalusite nmIIy 

stand out in relief. C ~ ~ ~ t a l s  range f rorn less than aneh~lf  inch to 4 
inches in lengkh and from 0.1 inch to 3 inch in diameter; tha average 
crystal ie perhaps one-fourth inch in dime& and 1% inehm in length, 
The abundance of crystah varies from place to place; on mme out- 
m p s  only one crystal may be premnt in ~everal squafe feet of sur- 
fmg and at another place as many as I00 crystals may occur within 
ra dngle ~ u a m  foot. Adjmnt beds m y  vary in the amount of 
andaIusite. In pried the ghaly graywscke contains the high& con- 
centrtttion of crystals. ks the degree of metamorphism must ham 
been vary newly the same for all beds in any one locaI area, it ap- 
pears that the diflerence in amaunt of included andalusite is due to 
a diffemnce in the composition of the original beds. 

The pywacke  in contact with the stocks at  Mirror Harbor, hs t  
Cove, Bin Bay, Umy Rocks, and the Porcupine Islands has b n  
reeryshk%d. Within the aureole or zone of contact metamorph i  
biotite was the ht new mineral formed; this was followed closely by 
new feldspar. Hornblende is the most imporhnt mafic mineral. 
The new feldspar is free of inclusions, and twinning is wall devel- 
oped. This is in marked contrast to normal feldspar found in the 
graywacke, which is turbid, full of inclusions, and  show^ little twin- 
ning. Garnet, andalusite, and light-colored mica are spam in the 
rec-ua  rock. 

A@E AHD COaBEL4TIOW 

No m w  information regarding the age of the graywacke was found 
by the miter during the course of mapping the northwastern part 
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of Chichagof Island. R e d  and Coat9 (1941, p. 35) have ~ummmizd 
the d i n g  knowledge as follows : 
Na fmila have Been found In the m w n c k e  formrltlon within the Chichitgd 

mElling dhlxict. The graywadre aeqnence b abundant along the weat coaats 
of both mehagof and Baranof Ihllands. The Wright8 belIe~e the graw-8 
pamibly to be Permian, and Knopf thwght it might be Late Jnrasslc or mrly 
Cretaceous. 

The fossih colIected by Overbeck from Blocurn Arm almost snrelg came from 
the formation herein called graywacke. Although Overbeck assigned a probable 
Upper Juraasic age to the formation on the basb of those fmiis, he was carefal 
to cite the paleontolmst's report. in which it was indicated that the diatinc- 
tion between Upper Jurassic and Lower Gretamns was la thb m e  not 
zu~tihRactorg. 

It the PosaLls In some of the  lot^ collected by an employee of the HIr&- 
Chichagof &thing Co. on K m o i  Isknd and In the Chichagof district came 
from the same formation aa the graywacke fn the Chichagof mining district. 
as is believed probable, then tbe IrolRer Cretaceous ag% of the formation appears 
t o  be cerhln. 

The doubt aa to the age deeignation of the formation d s e a  because the 
mcks at Kmmf Irrland and in the Chichagof district are not d e ~ i t e l y  known 
to be be the &%me formation and became of the possibility, which, however, 
appear8 remote to the anthorn, that the formation as mapped includes both 
Upper Jnrass~c and Luwer Cretaceous mcka 

UNCONBO W A -  SEbIMEHTB 

Uncodidated sediments are not abundant on Northwestern 
Chichagof Island ; they consist of momine, alluvium, and volcanic ask 
The glacial moraine is widely but thinly mattered over most of the 
mapped area. Remnants of Tahral moraines can &ill be found in 
sheltered niches along the valley walls and along the sides of the 
fiords. Above timberline, terminal moraines are generally below the 
cirque basins, and erratic boulders are so&ttered over most of ths 
upland surface. There am a few boulders and in pIo~ces a thin veneer 
of app8mntly glacially derived detritus on the coastal plain on the 
we& side of Chichagof Island. 

The warcity of morainal material on Chichagof Island prohbly 
is due to the manner in which the glaciers receded. During the period 
of maximum glaciation ths ice was nearly 3,000 feet thick over most 
of ths area. The main source of the ice was in the Fairweather Range 
to the north and in the high mountains lying north and east of Glacier 
Bay. The ioe moved muthward and westward from these mountains, 
swesping over much of tha northern part of Chichagof Island. Prob 
ably this iw was then relatively dean, as ia the ice in the glaciers 
which farm in thm areas May.  At the period of maxi3xlum glacia- 
tion the ice front extmded well into the m and the ice on Clicl~agof 
I s l d  was cnt off  from its source in the high  mountain^ as the re- 



d u d  volume of im was chanm1.d to the ocean throe Icy Strait 
and Crm Sound. This left a large cap of stagnant ice covering,. 
mark of Chichagof Mand with no adequata mume to maintain itself ; 
wmquently this thick mass of ice ablsted over a relatively short 
period of time without leaving thick accumulations of glacial detritus 
in the form of marginal or terminal moraines. 

a'ha larger ~treams contain alluvium which in p E m  may be m d  
hqndred feat thick Many of the streama have formed deltas where 
they enter the bays and inlets. The delta at the outlet of Lisi~mki 
Rivar has filled the inlet from shore to shore for distmce of more thm 
a mila. Other atreams flowing into Lisianski h l e t  ns well as t h m  
straams entering Stag Bay and Idaho lnlet have formed deltas of 
comparable aim. Mud Bay contains the largest deposit of unctm- 
solidated material on northern Chichagof bland. This bay, which . 
was originally st least 3 miles long and about 1 mile wide, has been 
almost completely filled In some respects the material in Mud Bay 
differs from the deltaic deposits at the heads of the fiords. The bay 
was not a fiord and may never have been very deep; there is also a 
strong suggestion that some of the material which Hls the bay may 
have been deposited by s glacier occupying the area of the present Icy 
Strait. 

Volcanic ash, presumably from the m t e r  of Mount Edgecumbe, 
which is about 60 miles to the southeast, once covered most of the north- 
western part of Chichagof Island. Probably the ash covered the area 
with a layer that, upon compaction, was  bout 6 inches thick, but 
most of it has been removed and can now be found only in s few spots 
that are well shelhred from erosion, The remaining ash is gritlass, 
iron stained, and slippery; it ranges from 6 inches to several feet 
in thickness. The thickest deposits apparentIy become thicker 
through deposition of ash that was derived from sumomding a m  by 
erosion. 

 RUB^ xamom BO- 
Dnring the course of the geologic mapping ths question arme as to 

whether the racks shown as gabbro, diorite, and quartz diorite are 
true intrusive igneous roch or metamorphosed older rocks, A Traxlsi- 
tions from recognizably metamorphosed older rocks to rocks domEy 
mmbl ing  igneous rocks are common. It is clear that tens of qusm 
miles are underlain by r o c k  which are so highly metamorphomd 
that they are nearly, or in places completeIy, indistinguishable from 
true igneous rock On the other hand, it is evident th%t igneous rock. 
in a few places has intruded and cut older &ata. 

The writer concluded that the mapped a m  probabIy mntaina am 
~11zzsually h a d  zone in which the rocks have undergone snflicient 



metsmorphism to destroy most of the original structures, but that 
part of st least ane m y  of intrusive rock m p s  out between the heads 
of Liaianski and Tenakw Ideta Probably most of the rocks mapped 
as diorite am derived in parE from true platonic m a p s .  

GmBRO 

AXIS BEOLUGIC 

The oldat i n t d v e  m k  mapped on the northwestern paft of 
Chichagof Island is gabbro. At some pllsces the gabbmic rock is cut 
by diorite and is, therefore, older; but in other places the contact be- 
twsen the two is gradational and possibly p a ~ t  of the gabbroic rock may 
bethe same age aa the diorite. Probably two similar rda are present, 
one an intruded plutonic gnbbro and the other a metamorphosed older 
m k .  The gabbra shown on the map includes only that believed to ke 
older than the dioxite, 
The gabbro north of Li~ian~ki Inlet crops ont in several large s t o c ~  

The muthernmost stock is 4 milea north of the head of the inlet. A 
tangue of gabbro extends mutheastward from the main body to a point 
beyond the mapped are& Tha rock mass has a mean diameter of rtbont 
3 d m  and is nearly everywhere in contact with diorite. A gabbroic 
mass lies on the ridge w ~ t  of the north branch of Phonograph Creek3 
and another extends along the wast valley wall of the south fork of 
Trail River. Near the lake at the head of Phonograph Creak the 
northern M y  of gabbm is n a m w  and highly mixed with older sock. 

QpicaI gabbro in mtcmp is dark p y .  Usually the rock can be 
" m g n S  from a considerable distance by ita massive form and dark 
color; much of it contains inclusions of oldw rock. The inclusions 
grade irih gabbro, and t h m  which are ae coarsely cry~hlline as the 

' pbbro  are difficult h distinguish ham it. The adimentary roch 
where in cantact with the gabbro am folded and faultad, in marked 
contra& to the diorita contsct with the bedded rocks which generally 
show little, or no evidence of local folding at the contact. 

Normal gabbro in outcrop is an equigranular rock with granitic hx-  
tttre. On slightly weathed smfaccs the rock is rough owing t.a the 
weathering of all the minerals except magnetite, which stands oat in 
relief. Masses of magnetite mge from barely visible g~tl ins to pieces 
three-fourths of an inch in diameter, Small white veinIets cut the 
pbbro and are so ubiquitous that the gabbro commonly can h m g -  
nixed from w considerrtble distance simply by their pres8nea The 
veinlets are mmposed of feldspar and small amounta of quartz, 
pmhnikej laumontite, epidoh, and cdcita 



Under tbe m i c r m p  the e b b  shows a xmomorphic-granular 
texture. All the minerals except olivine and orthorhombic pyroxene 
are nearly tmaltered. The hornblende is a dark-green variety ; some 
thin sactiom show it forming from pyroxene, and probably mi ap- 
preciable percentage of hornblende in the gabbm mas formed in that 
manner, Feldspar ranges in composition from labradorib tol mor- 
thite, and is generally complexly twinned. Olivine and orthorhombic 
pyroxene probably made up 5 to 15 percent of the original mk, bat 
subsequently they have been largely nltered to chlorite and amphibole. 
GPlbbm th~tt is contminatql by the partial wimilation of older rock 
differs horn the more normal pbbm in several characteristics: It is 
more variable in composition and in gain size; it is ganerdly h e r  
grain* but in a few pIaces it is coarser grained than the normal 
gabbro and contains crystnls of hornblende several inchas Iong; most 
of the hornblende in the contaminated rock forms from pyroxene. The 
feldspar has a composition rnnging from andesine to  bytownib; it is 
generally altered and simply twinned. Locally the contaminated 
gnbbro mntains quartz. 

DIOBXm 

DTBTBIBVTIOW ARD OEOLOBIO BELATIOWB 

Rocks included under the term t'diorite" crop out in abut half the 
mapped area. The diorite is in several masses which axe separated 
at the surfam by other rocks or by water but which are probably 
oomeced st  depth. The cores of the large bodies contain rock that 
is typical of normal igneous intrusions, but the ~maller M i e s  md 
the borders of the larger Mies are made up mostly of recrystdhed 
older rock. Some of the rock included mder the general heading of 
diorite should, perhaps, be differentiated as highly recrystallized 
metamorphic mk, This was not done h a u s e  it was thought impos- 
sible to distinguish evewhere true diorite from some of the more 
highly mrystallized metamorphic rock The geologic map (fig. 3) 
mmpanying this mport shows by symbo4 as ffar as possible, the 
distribution of metamorphosed m k  in the diorita 

The distribution of the diorite is complex in detail; but, in pnml ,  
one mass crops out south of Lisiamki Inlet, a large body cmps out in 
the area between the head of Lisiamki Inlet and Gnll Con, one small 
body  lie^ on AIthorp Peninsula, and another extends diagonally across 
the base of Inian Peninsula. 

The diorite muth of Lisianaki Inlet extends bmm MiEe Gove on 
Ycalrobi Island lwutheastward to tho mutheastern corner of the mapped 
area, It continues across the Chichagof mining district, and prob- 
ably continues on farther south to Baranof Idand. h the arear 



mapped, this mass of diorite is about 25 miles long and 4 miles wide. 
The mathwest side is in contact with older d imen ta ry  and volcanic 
rocks. On the northeastem side the contact is conwaled benmth 
I h i d  Inlet, The diorite is in f adt  contact with the quartz diorite 
in the. a m  south of Lisianski Biwr. 

The large body of &rite that crops out between the heads of LLisian- 
ski and T w h  Mets  is made up largely of typical intrusive diorita 
Ths pm% exposed is circular in outline on its west side, but this rep* 
%grits only the northwastern tip of s, much larger rock mas. The 
southemtern exiknt is not known ; but, from the older geologic reports 
and from the writm's investigations the body is believed to extend ta 
tbe east edge of Chichagof Island. Within the mapped area this 
diorite is in contact with gabbroic rock md with parts of the marble- 
gneiss sequence. The M y  of dior ih  is probably continuous with that 
whi& mops out east of Idaho Inlet. This body extends from Icy 
Strait southeastward to the & e d p  of the mapped area Although 
not mapped in detail, it almost certainly extends southeast; as f af aa 
Tenakee Web, and probably is part of the large mass of diorita crop- 
ping out south of Tenakee Inleti Th8 diorite between Idaho Inlet 
and Mud Bay probably extends northeastward to make up part of 
Lemesurier Island, the easkrn part of the hian Islands, and the land 
WE& of Dandas Bay. Subsequent mapping has shown that this diorih 
extends northward to the head of Glacier Bay; undoubtedly i t  ia 
connected with the Coast Range bathoIith Within the mapped area, 
the Bast side of the diorita, between Idaho Inlet and Mud Bay is in 
cantact with a younpr quartz diorite, and the west side is in contact 
with roclts of the marble-gneiss sequenca Much of the diorita a1 ong 
the western contact contains large amounts of older bedded rack, 

A smaller diorite body intmdes tha schist unit on the AIthorp Penin- 
d e  It extends northmestward from a point 4 miles north of Brrsrrlt 
Knob on Lisimki Inlet to the west shore of Port Nthorp. The 
diorita exposed on the George Islands and on the west edge of the 
Inian Peninsula m d  the Inim Islands is probably a northwesterly 
continuation of thihig body. Assuming that the isolated outcrops on 
the George IsIaads and on the Inian Islands are connected to the 
diorite on Mthorp Peninsula, the length of this body is more than U 
miles. The average width is about 11,$ miles, 

A fourth body of diorita trends diagonally a c m  the base of Inisn 
Peninsula, extending from a point 2 miles north of Pelican to a 
point nearly opposite the entrance to Idaho Inlet. It appears to be 
intruded mainly between rocks of the penstone unit and of f i e  
marble-gneiss sequence. 



In order to simpm the description of the diorite, which includes 
several types, the rock has been dipided inta two groups. One group, 
called intrusive diorih in this report, includes rock which has tho 
chanuhristia normally associated with plntonk diorih; the other 

- p u p ,  called metadiorite in this report, is comprwsd of mrystdked 
older r&k that now has the texkure and composition of diorih. The 
chief 'megawqic differences between the intrusive diorih- and the 
m&oxite are the better deveIoped grtsniti~ textma of the intrusive 
diorite and the more apparent' aTb.tion and more pmounced 
foliation of the metadiorite. 

Most of the intrusive diorite crops out between Idaho h l e t  and 
Mud Bay and &tween the heads of Lisianski and Temkee Inlets. 
Smaller amounts are found on the north end of the westernm& 
Inian Idmd, and in the center of t h ~  diorite rnw mth of G h a k i  
Inlet. Generally tl. border zone of mebdiorite lies around the 
periphery of tho inhs ive  diorite. 
In otztcrop the intrasiva diorite is gray w taa and htw n medium- 

grained granitic texture. Foliation is pemIIy G b l e  but is 1- 
marked thm in the metadiorite. Except for slight weathering the 
rock appears h mrtltered. 
In thili d o n -  the rock commonly s h  a-*ypmbmorphie to 

xenomarphic-granular texture. The longer mrm of the howbhnde 
'crystals tand to bs parallel, giving the rock a recognizable h e a t i m .  

Plagioclase feldspar is the most abundant mkneral in the i m h d v e  
diorita, In thin section it a p p ~ s  nearly unaltered. The cyystaIs 
of plagiacl- are mmplexly twinned and a few sm zoned. In plsces 
the zoning appears to be partly destroyed by  itemt ti on, and a11 h t  
remains to inditata that the mineral m s  zoned a m  regular, thin limes 
of alteration along the position of one or more of the orighl zones. 
Probably many mom of the plagioclase mystale- were mnd than can 
now be recognized. The normal composition of the p1agiucInse in 
the intrusive &rite is about Anboy but it rangee from An,, to &. 

The hornblende is a common green variety md makes tip 10 to 
80 pmmt of the r& by volume. The cqskals-axe generally dongata 
but dedral .  The borders are irregdar but much less so than the 
borders in the hornblende f omd in the mekadiorite. Sieve Bhucture 
is common, but the feldspar, which is the enclosed mineral, is generdly 
present m euhedral crystals. Alteration of the hornblende is slight 
and rastricted ta thin incrushtiom of chlorite bordering the cryskals. 
Tiny evhedral cr;ystals of hornblende, recognizable on1 y under high 
magnification, are also enclosed within feldspw crystitls. h few 
specimens contain pyroxene, near augita in composition, which is 
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altered and repTaced by cldorite, biotite, and green hornblende. In 
the cores of some pyroxene crystals are myrmekiteIike intergrowths 
of pyroxene and quartz. The pyroxene near the rnyrmekitic strmctures 
has a lower birefringence than that avay from these stmctures. 

be mas^ the rnetadiorih has a wider range in composition and 
tmtnre, it bas a more varied appearance than the intrusive diorite. 
Outcraps range in color from Iight gray to nearly black, depending 
upon the m k  type and the amount and type of meathering- TIia 
~ w k  is safficiently altered that newly fractured surfaces do not appear 
to be particularly frwh. 

The recognizable minerals in the hand specimens of rnetndiorite 
are hornblendg feldspar, quartz, and Eoc&lly, chlorits and epidote. 
h commonly, sphene, rntbgnetite, and pyrite, are visibla 

Most, of the rock shows a preferred orientation of the constituent 
minerals. Planar foliation is common, but in pIaces only a faint linea- 
tion of the hornblende crystals can be recognized. Usually tth plunge 
of the lineation is indistinct and not easiIy measured in the outcrop. 
Generally the dark minerals do not have sllarpIy defmed borders 
against lighter minenls. Under high magnification this is seen to be 
caused by a zone of alterstion and replacement between the minernl 
grains. Fsldspar makes up 40 to 60 percent of the nsthdiorito by 
volume. Commonly in the hand specimen the feldspar is some shade 
of gray or green, or, as i~ one locality near the top of Mount Althorp, 
a pale but distinct pink. On freshly fractured surfwea the feldspar 
has neither the clenn-cat c lesvnp nor the striations due to twinning 
that are typical of the feldspar of the i n h i v e  diorite. In thin section 
the plagimlam appears cloudy, nnd the twinning is commonly mnsked 
by alteration. 

The metadiorite contains several varieties of hornblende, the most 
abundant bing  the ordinary green variety. abundant, but not 
uncommon, is a variety, believed to be relatively rich in sodium, which 
shows a distinct blue plemhroic color in polark& light. A nearly 
nonplmchroiq pale-brown vnrietg and a darker brown pl-mic 
varisb occur on the George Islands and on the western part of the 
lnian Islands. The hornblende in the rnetadiorite characteristically 
has a highly imgulw outlina. As a rule the hornblende crystals in- 
clude mall crystals or grains of plagioclase or quartz. Hornblende 
i~ one of the minerals least altered in tha metadiorite, bnt it ~ l s o  gen- 
era11 y shows some alteration. 

Hornblende forms from pyroxene, the process apparently sing 
pIm pmfemntially in the more mafic phaw of diorite. Formation 
of hornblende from pyroxene takes placa by at least two separate and 
distinct prowms. In one, pyroxene interacts with adjacent minerals 

4%161- 
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to form hornblende. This procws hvo~vea chemical readjustment and 
prohbly results in a chemically more stable rock. rXornblende 
f~rrned b this procass forms around the outside of the pmnt  pyroxene 
cq-1 and as a rule does not occupy exactly the same space as did the 
original pyroxene. There appears to b no systematic crystitllopphic 
relation between the pyroxene and the hornblende formed by this 
prc~e&s. In the other type of transformation t he  hornblende occupies 
a & l y  the mme space as did the original pyroxene. The transforma- 
tion takes place more gradually, apparently by slight ghifts in the 
molecular structure, and the new hornblende appears at widely sep- 
arated poinb throughout the pyroxene crystal without regard to 
proximity to the borders of the crystal. The materid in the pyroxene 
makes up the new hornblenda, and them appeaxa to be nu chemical 
interaction btween the two minerals. 

During the c.~>urse of the geologic mapping on tha northwmtern part 
of Chichagof Island, three small M i m  of intmsiv~ diorite were found 
which appear, from field relations, to be younger than the diorite 
demribed above. Ona nf these c.rops aut on tap of the mountain 
southmst of the Cobol mine, another about 1,000 feet southwegt of the 
Apex mine, and a third in the Chichagof mining district 1 mile due 
east of Pinta Bay. At1 E l n e e  crop out near gold-baring veim and 
all appear to be related to the mineralization in their respective areas. 
The map (pl. 13), which includes the Apex and El Nido mines, distin- 
guishes a small body of diorite from the more abundant type. The 
diorite esgt of Pinta BEY drongly resambles, both Btructnndly m d  in 
hand specimen, the two types ahom on plate 19 ; however, it was not 
examined closely nor stodid microscopically by the writer. 

The diorite that nukes up the top of the mountain southeast of the 
Cobol mine is everywhere completely exposed; because of this, its 
FeZation to the adjamnt rcck is clear: It ia circdax and about a half 
a mile in diameter; its ahapa ttnd contact relations mggest that it was 
forcibly intruded ; it consis& of s he-grained border zone, 20 ta 50 
feet thick, and a central core of medium-wind mck. The core L 
gray and is extremely friable. The outsr phase, which is probably 
a chilled border, is hard and dense and stands out as a rim around the 
core. M ~ n y  gold-bewing quartz veins occur near all three of these 
bodies The close spatial relation betwean the known gold-baring 
veins and this relatively mrce type of diorita sug- that they may 
be genetically mlated. 

Am 

The diorite very probably formed dnring Cretaceons time. Bud- 
dington and Chapin (1929, p. 18S186) thought that the main diorite 
i n t d o m  on Chichagof Islmd took place in Jurassic or Early Gre- 



tamam time. RRed and Coab (1941, p. 40) concurred with this 
opinion. They pointed out &at if the many be-grained dikes which 
cut the grayw~cke have their mum in the main diorite intrusion, 
then the diorite must IM younger than the graywacke, which is believed 
to h s ~ e  been deposited in Early Cretaceous time. The writer believes 
that the diorite was intruded near the time of the main period of fold- 
ing of the gaywacke, md thus must be youwr than the graywadre, 
The diorite cuts the gabbro described above and is therefore younger, 
but it i s  in turn cut by quartz diorite and the intmive mcks asso- 
ciated with the nickel-haring deposits at Bohemia Basin on Y&~bi 
Island. 

Prom. the foregoing, it appears that the diorite represents one of 
a sari= of intrusion8 which took place over a long period of tima 
The diorite intrusion was the largest;, and probably all later intrusions 
were relat& to it. 

QUARTZ aroRrrBl 

Small stocks of quartz diorite crop out throughout the northwestern 
part of Chichagof Island. They have intruded the graywacke, sthist; 
snd pustone  units as well as the marble-gneisa sgqnence and the 
diorite. Several quartz diorita stoeks crop out south a£ Liaianski In- 
let, The largest is around Lake Elfendd. Thia stock ig intruded 
inta rocks of the graywacke, greenstone, and schist units. Two other 
st;& of the same w, probably genetically. related to the stock at 
Lake Elf endahl, crop ouk a few miles farther nnorthwmt. Both have 
lese than 1 sqnm mile of outcrop area, and intrude rocks of the mhist 
unit. The larger stock crop out near the entrance to Stag Bay on the 
west f l d  of Mount INl, and the smaller stock crops out about midway 
behaen the larger stock and the stock at Lake E l h d d ~ l .  Another 
body of q u b z  dlorite, with am outcrap area of about 1 quare mile, 
crop out 4 miles due east of the stmk at Lake ElfendaM, on the south 
flank of the mountain south& of the Cobol mine and an the south 
shoulder of Big Chief Mountain. It is intruded into rocks of thPr 
penstone unit and the marble-gneiss quenca. Other bodis of 
quartz diorita ma expo& along Lisianskj: Inlet and southeast of ita 
head ; the westonmost body of this group mops ont over about three- 
f onrtks of a sqam mile, and is north of Lisianski Inlet at the outlet 
of Maadow Creek. XG lies entirely within rocks of the schist unit. 

',- 
+A 

An elongate exposure of quartz diorite is in contact with oMer diorite 
along the south shore of Lisianski Inlet at the mouth of Cann Creek. 

+- u' Two other bodies of qasrtz diorib lie southeast of the head of Lisianski 
I 

Met : The southernmost is intruded between n m&c p h w  of the 
diorjb an the south a d  rocks of the schist unit on the north; the 
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northenunost lies betwmn the d i d  and marble unita on the south and 
highly rnetmmrphd m k  on the north which may be part of the 
marble-gneiss sequence or part of the sdhist unit. Thess quarts; diorite 
M i e s  extend at least 6 miles southeast of the head of Lisianaki Inlet, 

h o t h e r  large qu- diorita stmk l i e  xtext to the diorite batholith 
between Idaho Inlet and Mud Bay on the west and the mdimentarg 
rockg of PaImzOic age m the .east. This stack may not be genetically 
mlaoed to those rnentimed bvve ,  but it has been grouped with them 
b t l & ~  its rock type rand hown qp m1at:imhips am d a r .  Its 
areal extent is nnkn0~11. 

PeTsOLOOP 

The quartz, diorite in o n b p  is n light-colored em-pined mck. 
The minemls genemUy show a p m f d  bat poorly developed orien- 
tation. Feldspar, most of which is near olipllase in composition, 
quartz, and one or more dark minerals make up most of the rock. 
The large body of qtfirtz diorite southmt of Mud Bay contains as 
much ~LS 10 percent orthoclase. The others contain only mall quan- 
tities of orthoclase. The maflex Wks, such as those between Stag 
Bay and Lake Elfendahl, contain pyroxene in wveraI stages of 
alteration. 

In the smder shdq bmblmde is the mmt h d a n t  dark 
mineral, most of it pmtly altered to chlorite. me feldspar is also 
commonly partly dted &;lrartz m y s t a l l i d  after the feldspar 
m d  the dark minerals and in part =places thm. The m k  in the 
mder is shattared and conhins numerous seam filled wit,l~ 
adularia md calcite. In thin section, f31B majority of the quartz 
crystals show undul&hry extinction, and both the quartz and the 
feldspar sm shattad. 

The stock at Lake Elfondah1 wndsts of a coarse-grained dightly 
altered m k  whose principal dark minem1 is biotite. Zoned plq-i- 
O G ~  was mm in aU the thin sections examined CatmIastia textures 
are almost entirely rt'bsmt. From etching and aining methods md 
from petrographic studies of thin sections and of p i n g  it is @ti- 
mafad that the rock contains from 2 to 5 percent orthdsse. 

The quartz diorih intrudes the lower part of tlm grag~vmke for- 
mation, which is probably of Early Gmtmous a p ,  Light-colored 
dikes have not been found in the quartz dimite, and probably none 
exist. 01-10 dark-colod dike vas found in the quartz djorita dock 
that crops out dong  the mut,h &ore of fisilanski Inlet near its head* 
The dike sock resembles the basalt plug that crops out an the north 
side of Liainnski Xnlet nodh of Miner Idnnd, The plug is probably 



the youngeat igneous rock in the srea and may have f o m d  in lab 
Pleistooene or Recent time, The q u d  diorite in partly altered, but 
most of the alterstion npparently was caused either by retrogmaive 
metamorphism which took place during the last stages of cooling or 
by failure of the m k  to attain chamid equilibrium after it hid 
&fed and partiy assimilated large amounts of older matmid. 
Because it seems to be associated wihh and is intruded along the 
marginal mnes of the diorite, hhe qu& diorib is believed to be a 
l ab  mpg&tion of the &orit& 

A p p  of related in&ve ~ ? K S  that am associated with nickel 
depo~ita crop out on Chichagof and Yakobi Islands. Th- rocks wn- 
sint of two geneticalty related rock type  which are oaUed the younger 
gabbro and the younpr quartz diorita in this report. The gabbroia 
& are c u m p a d  of gabbro, norite, and mall amonnta of pyroxenita 
The quartz diorite has the camposition of normal quartz diorib and 
in outcrop has a uniform and fresh appearance. 
T h e  r& in this igneous complex were described by Reed and Dorr 

.(lQP2, p. 10&138), and by Pecora (1949, p. 221-243). None of the 
rocks are mu8d types 

The IargesE h o r n  body of ignmm m k  d a t d  with &esm 
depmita occupies most of the muth w a r n  ha1 f of Y akobi Ialand. "Sbe 
e x p o d  part mvem about 30 square miles. A %dl gtOCk, roughly 

, kdar in &ape, crops out on the peninsula between Lisianski Strait 
md Ilin Bay. A small stock, roughly ciwulm in shap, crop out at 
.hat  Cove on the pen inda  between Lidanski Strait and llin Bay. A - third gtOCk crops out along the const st Mimr Harbor. It baa an 
outcrop area of about 1% square mil% but i t  probably &ends for 
a greater diBtance beneath the sea. 

A p p  of intrnsi~e mks, believed tu be re1at.d to those containing 
the nickel deposits, crop out in the Fairweather Range north of 
Soand, oataide the 91.aa of this ~tudy, The writar has mapped eev- 

I eFal of these mafia m k  mmea ~ince doing the work on Chichagof 
&land. One mass crops out over sn area of abont 3 square miles on 
.&mlaba Peninsula and Momt X)e Langla ; another, about 16 mileg 
long, crop out from a p i n t  m r a I  miles south& af Mount La 
Perom to the north side of Momt Crillon. A third body, which bas 
never bsen examined, lies somewhere on the south flank of Mount 
Fsirwmther. Its exi9tsnce is h o r n  h r n  the fact thst a large part 
of the moraine in front of the Fairneather Glacier is cornpod of this 

., i type of rOGk. m e  stock at h r  Harbor and the three b o d i ~  of 



d c  rock in the Fairweather Bsnge have the unique feature of Kmg 
layered. m e  etock that crops out between Mount Gllon and Momt 
La Pmw hasl an e x g o d  thickness of over 30,000 h t .  

AGE 

Most of the data regarding the age of the intrusive m k e  assmirstd 
with tbe nickel deposih are indirect and inconc1usive. The diorib 
and quartz diorite h&va been metmiorphomd throughout the area. 
On the other hand, the rocks asociahd with the nickel deposits have 
a clean-cut crgstallinity, are unfolirtted, show littla or no alteration, 
sbnd comumtly have a fresh appearance. Because the intru~ive 
mka assmiated with the nickel deposite are within a few miles of 
th0 diorih and the quartz diorite, it does not saem likely that the 
diorite and qua* diarita could have bssn metamorphosed over su& a 
wide area without the metamorphic proms or procssses aim affecting 
the intrusive rocks amciahi  wibh the nickel deposits. Furthermore, 
the rocks assmiatd with the nickel deposits a p p m t l y  intruded the 
rmks of Mesozoic age after they had renahed the position in which 
they are found M a y .  Tbeae facts seem to indicate that the intrusive 
mh associaid with the nickel deposits were not p m t  when the 
diorih and quartz diorite were metamorphosad, and that the m k a  
wwiated with the nickel were intruded after Early 
Cretmmus time. 

m I C  D-B 

The most abundant dikm on the northweshrn part of Chichagof 
Island are the splih ; t h v  have not been differentiated on the ge~+ 
logic map from the enclosing rocks. The J intrude all the major rock 
units except the younger intrusive m b  associated with tho nickeI 
deposit5 rand the quartz diorih, which is probably the mame of the 
aplita. The d i k ~  are most abundant between Lisianski Inlet and .the 
st& at Lake Elfendakl. In this ares a11 dikm radiate from the stock 
at Lake Elfendahl, and, althoagh no d i h  were observed that actually 
were in m n M  with the stack, at I& 50 crop out within s few hm- 
dmd feat of its north side. The body of quartz dioriB that cropped 
out on the south side of LStanski Inlet at the mouth of Cam Creak 
apparently had gimilar d i e s  extruded h m  it. The aplite dikes that 
crop out near bhe Apex and El Nido mines may have their source in 
the quartz diorita stock that crops out at tho mouth of Cann Creek; 
one aplite dike was trmed from the El Rido mine to  the fault along 
the west side of the stock. 
In outcrop the dikes- range from a few inch= t~ mom than 20 fe& 

in thickness; most are 4 to 15 feet thick. Chilled brdem are un- 
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common. ImaUy intruded rmk is altered for a few feet on each 
side of the dike. In certain parts of the mapped area, at the Apex 
and El Nido mines, for example, the aplite dikes are intimately asso- 
ciated with gold mineralization. The experienced prospectors in the 
area am erwm of the relation of the aplite dikea fa gold mineraliza 
tion, and have spoken of i t  many tim.es to the writer. From their 
accounts it is evident that the same relation holds true throughout 
much of the western part of Chichagof and Baranof Islarnda 

Fmh surf aces of d i e  rock are light green, owing to the presence 
of small amounts of chlorite, amphibole, and minerals of ths misite 
group. Ordinarily the aplita is slightly porphyritic, and contains 
visible g r a b  of mica. Euhedral or subhedral phenocrysts of quartz 
are rare, but subhedral phenocrysts of feldspar are common. Although 
the rocks grouped as aplito are eimilnr in general appeamce, few 
appear identical even in the hand specimen. They differ from one 
another in grain size, texture, color, and, to some extent, in mineral 
composition. T h e  aplite is altered, md most is fins grained. The 
lighter colored dikes contain a more sodic plagiocl~ss and a smaller 
percentage of mafic minerals. Textures range from granular to one 
characterbed by small lath-sliaped feldspar crystals that have only 
a slight tendency toward parallel orientation. Plagimlase is generally 
ol iplase but ranges in different dikes from albita through andesine. 
Some of the feldspar crystals am zoned, but for the m a t  p ~ r t  zoning is 
obscured by dhration and replacement products. Most of the plagio- 
dam is ahred to saricite and muscovite, but some is altered to din+ 
zoisita Chlorita also replaces feldspar, but not extensively. The 
darker aplita dikes owe their color to chlorite and small crystals of 
amphibole. Dark-colored minerals, of which hornblende is the most 
cornon, may make up as much as 45 percent of these rocks. 

Not all the aplite dikes am the same age, as shown by the fact that 
they cut one another. Zow-grade metamorphism apparently tnok 
plam in the aplite dikes during initial cooling. Most of the dikews 
have not Bean metamorphosed ss   eve rely as the racks in which they 
lie; they probably were intruded after the enclosing rock had under- 
gone its most extensive metamorphism. 

BQBKBZEMDE-PEI98PAR F E Q X A E  D m  

Coarse-grained dikes h&ve intruded the arnphiblite and diorita 
on Chichagof bland. In mapping, these dikes have not been 
differentiated from the enclosing rocks. Several crop out along 
the m g t  shore of Lisiansgi Strait in ra contact zone between diorih and 
nmpbibolih, and a few aas in the diorite batholith south of Lisianski 
Inlet btwean Li~ianaki Strait and Steelhead River. Other horn- 



blendr+feldspar pegmatite dig= have been found on the hian Islands, 
on the side of the Inian Peninsulc, and on Mineral Monntain. 
From a distance the hornblends-feldspar pegmatite dikes appear to be 
predominantly white, but c l m  ohroation shows the dikes to hsve a 
strong color contrast between areas composed of quartz and feldspar 
and areas composed of hornblende. 

Although nt few contain fragments of alde~ m d q  most of t h e  dikm 
B ~ O W  no positive evidence of intrusion. They do not have chilled 
borders, although cont1u:ta wit11 adjacent rocks are generally sharp ; 
typically they are irmpEsr in shape, They are found, without excep- 
tion, in rocks which have undergone extedsive remystallization. Based 
largely on field reletions such as those given above, it is the writer% 
opinion that this p u p  of rocks formd mainly by replscernemt, with 
the constituents being derived largely from the host m k .  
The feldspar in most of these coarse-gained pegmatites is dbib, or 

more rarely, oliplase, Most of it is cataclastically deformed, and sll 
is more or less altered. Bemuse of the deformation and alteration, 
twinning is not easily seen, Hornblendacrystals, becrtuse of their large 
size, sre the most oonspicuous mineral. Crystals 6 to 8 inches long are 
common. One dike three-fourths of a mile northeast of E l h  Cove 
contains skeleton crystals of hornblende more than 3 feet long and 6 
to 10 inches in diameter. 

Many light-colared, mipatitalike d i h  aocar on narthweshrn 
Chichagof Island. The dikes which were mapped with the enclming 
rocks, are warn-grained and consist of quartz, feldspar and rr, m a 1  l 
amount of muscovite. In this report these dikes, which are called 
quartz-feldspar dikes, are variable in thicknass, short, and consist of 
fairly coarsely crystalline w k .  The l a r p t  proportion are in one 
poorly defined zone which is marly 40 miles long. The north edge of 
the zone joins a granodiorite stock in the area .east of the WE& arm of 
Dundaa Bay norkh of the mapped area. The zone extends muth to 
a point about 2 miles north of t.he outlet of Meadow Creek on Lisianski 
Inlet. South of this point the zone is less welI defined, and extensive 
amils in the valleys of Pelican and Meadow Creeks are covered. The 
eouthernrnost known occnrmnm of the zone is on the west flank of the 
mountain east of Phonograph h k .  In addition to this zone, quartz- 
feldspar dikes have been found at widely separated points, but in- 
variably all are in highly m e t a m o r p h ~  rocks. A few dikw crop 
out along the contact zone between ththe d iorite and the p h n e  unit 
on Mount Hill south of Stag Bay. Light-colored bands o b d  
in the upper drain* b i n  of Steelhead River are probably quartz- 



feldspar dike4 but exposures are poor. The exact nature of the btlnds 
could not be determined with certainty; they may well repressat re- 
crystallized silicic beds. Other quartz-feldspar dikm were found 1 
mile above the outlet of the Imge creek that enters Idaha hle t  2 d m  
south of the unnamed village on the east side of tbe inlet. 

The quartz-feldspar dikes am most abundant in the northern half 
of the main dik+baring zone where they make up from 10 to 80 
percent of the tnhl rock volume. The dikes am gen~mZly p d e l  
ta the foliation of the hast rcck and dip steeply. In one, -11 area 
on the south shore of the largest of the Inian Islands, quartz-feldspar 
dike rock forms the matrix of & bmiated zone. Another such b m  
c i a t d  zone m u m  dong the contact of the diorita and the #panstom 
unit in tha mutheastern corner of the mapped area. 

At mveral widely sepamted localitias the dikes Bhow an internal 
atructum which almost certainly reprwnts incompletely r e p 1 4  
mlicta of the host rock. These structures ganerally take the form 
of foliation or bands parallel to and on strike with the foliation plana 
in the host rock. Although the relict bedding of the wall rock is 
okrmble in a few dikes, it is not common and can be found only 
by diligent search. At no p I m  has the relict structure been o k d  
to paas completely through a &Ira 

I n  soma of the quartz-f~ldspar dikes, particularly those which 
dearly were injected, there is a systematic arrangement by grain size, 
textnre, and mineral composition from the edge to the center much 
ljke that found in some pegmatite dika and qusrtz veins. ?rhe outer 
margin of the dike is composed mainly of quartz and feldspar which 
show no apparent alinement of the cryqls. In the dike adjacent 
to the outer marginal zone, the crystals are slightly larger and are, 
cornpod of feldspar and hornblende. The hornblende crystals are 
elongate a d  show some tendency to bavs their long axes normal to 
the walls of the dikm 
h places, quartz-feldspar dike masses are large enough to be c l d  

as qdl  stock; the rock appears to be similar to  the quartz diorite 
and is posibly the same a g ~ .  Aplih dika have not bean observed 
in contact with the quartz-feldspar dikes, and, conquently, their 
relative ages are not known. The quartz-feldspar dikes on the north- 
west side of Mineral Mountain are cut by mafic dikes. T h w  yomg- 
er mafic dikes have not baen o b r d  to be cut by any other rock 

M&G or dark-coIomd dikes which were not differentiated on the 
p log ic  map from the enclming rocks are scatked throughout the 
nort,hw&m part of Chichagof Island. Although they are not M 



highly concantrakd in any one ares as are the aplite or the qnwb 
feldspar dikes, the dark-colored m&s dikea are more evenly and 
widely distributed. Within tha mapped area Eha total number of 
mafic dikes may nearly equal the number of aplita dikes. 

Mafic dikes in p r a l  vary only slightly in appearanm, but most 
fall within five distinct types, Probably the most common is a gray 
to green fine-grained dike conibining scatbred phenocrysts of feld- 
spar. T h e  mond type, nearly as abundant as t he  first, is a fine- 
grained gray dilre without phenocrysts; this tgpe is mineralogicslly 
similar te the groundmass of the first and will not be discussed fur- 
ther. Another typg but one which is found in only a few places, is 
dark green with large bIoc?ry phenocrysts of hornblende or feldspar. 
A few fine-grained composite dikes occur at widely scattered points; 
they are dark-brown and contain needle-shaped crystals of hornblende 
or pyroxene. The last type is a fine-pained composita dike. 
T h e  ages of the different types of dikes vary widely. Some of the 

dikes have been strongly metamorphosed with the diorite and ob- 
viously were present when the metamorphism took place. Others am 
similar in rock t y p  to the basalt plug which crops out on Lisianski 
Wet. If the dikes were derived from the same swrce as was the 
plug, they probably were intmded in Pleistocene time or later. It 
is hlieved, however, that most of the rnafic dikes were formed 
afkr the metsmorphism of tha dlorite and before the intrusion of 
the basalt plug. 

amr TO ammx PO-a 

Gray ta green porphyritic d i h  are common along LiaianaEti Met. 
They have not been diffemntiatd on the geologic map from the en- 
dosing d. In outcrop they are usually inconspicuous and easily 
overlooked, partidarIy in areas where they intrude partly recrystal- 
Iized dark-calored rock The phenocjrsts are abundant and consist 
mostly of pyroxene and feldspar, both presumably primary. Both 
pyroxene and feldspar form euhedral crysktlIs. The rock contains 
hornblende, prahnite, calcite, magnetite, zoiaite, and micite. Bacause 
the feldspar is highly aItered, its composition has not h n  determined 
accuratsly. The  averap index of refraction is about 1.545, which in- 
dicates that the feldspar is oligoclase. The main alterntion product 
of the fddsprtr is clinozoisite. The pyroxene crystals in general ham 
misted alteration remarkably well, considering the condition of the 
feldspar. A few have been altered to hornblendq ~ n d  some are 
slightly replaced by chlorite. 

The rttnjy in age of the green porphyritic dikm is unknown, but 
Borne cut the qua& diorita; they probably have been intruded nine0 
Cretamtls time. 



Many dmk-oolmd dikes crop out on the northwdem flank of 
Mineral Mountain. The dikes mapped with the encIosing rock, are 
from 2 ta tl feat thick and occupy pteeply dipping joints which trend 
northeast. Although all the. dikes am probably similar in composition, 
they differ in texture; few appear to be identical even in the hand 
specimen. In thin section the dike rock shows a relatidy mars& 
grained pundmass of zoned plagimlase and hornblende crystals. 
The hornblende phanocrysb are euhedral and reach s maximum of 
about 1 inch The larger crystals usually are unaltered internally, 
but the margins are repIaced and altered. Smaller rtnhedral horn- 
blende crystals in the matrix aro generally nnalted except where 
they are in contact with magnetite. 

The plagioclase is zoned and euhedraL Obaally the core, presum- 
ably the most calcic part, is highly altered. Becanse of extensive al- 
taration of the plagimlase, its composition is dficdt ta determine. 
In most dikes the feldspar js highly crsldc, avemging about An,,. 
Other minerals common in the dikes are dorite,  pmhnite, and 
sericih. 

gBOWW DIES8 

A few dikes containing needIe-shaped phenocrysts of hornbl ende 
or pyroxene crop out on the northwestern part of Chichagof Idm& 
These dikes were not mapped separately from the mcl&g m&. A p  
parently thme containing pyroxene phenmrgsts m distinct from 
those containing hornblende phenocrysts. The pyroxene-baring type 
contain subordinate plagiochse feldspar and an opaque mineral. The 
pyroxene is monaclinio but its other opticaI properties have not been 
determined. The feldspar is andesine, In thin section the pyroxene 
and feldspar appear highly elongats and tand to lie with their long 
axea pwdel. 

mmmnamn?m IinA'51 DntEB 

A few he-p ined  gray dikes that crop out on the northmshm 
pnrt of Chichagof Island m m b l e  he-grained metamorphosed d i -  
mentarg roclrs. The dikes are unmapped. Most are either within 
the diorite that is probably a recrystallized older rock* or in the diorita 
contact z m .  In outcrop the dike rock is gray and evenly textured. 
Individual grains of hornblende and feldspar are about 5.4 millimeter 
in diameter. One specimen was collected h u t  half a mile south of 
Lkimski Inlet, 6 miles from h e ~ d  ; the plagimlase in this ~pecimen, 
as determined with the universal stage, is about An, and mum in 
m d d  grains intermixed with hornblende. Some hornb1ende 
crystals show aieve strmcture, 



A mir:lF M y  of basalt crops out on the northeast shore uf Gsi- 
Inlet 1% ~rnUw. nmlA of Miner Island ; it form a low rounded hill,. 
Bmlt  KnoB, wb5eh projech intb the inlett beyond the gelleral line of 

. ths shm. The h a l t '  ' l i e  along' s major fault zone;' and two athm 
aimila~, but malIer bodies have b n  fourld cropping out along theL 
same zone h the area between Basalt ,Knob md Crom Sound. 

The bit in butimp' is m p w h  h e  grained, and dark m 1 d  
Crfstals am too mall to be ident&d with a hand lens. Glum~ar. 
jointing ia imperfectly formed. About 50 percent of the red is corn- 
pased of feldspar in simple twinnd, lath-shaped crystals. The re- 
mainder of the mc$ is camposed of two ages of brown hornblende, 
a clinopyroxme, a carhata  mineral, and m opaque mineral, probably 
magnetite, An unidentified darka1ored isotropic substance makm up 
2 to 5 pe~baht of the mk. The older hornblende mnsiw of larger 
grain$ thrln 'the younger ; i t  shows evidence of having formed in park 
from dinopyroxsns. 130th types of hornMende show crystal outlines, 
but the young~r cqstals are the most perfectly formed. 'J[?le younger 
hornblende crystals commonly occur within oIder feldspar grains as 
tiny rod-shaped cvshls. 

Alteration of the basalt is promom&, and both feldspar and the 
older hornblende am replaced by cldorih, Probably the alteration 
tmk p l m  dwring the final stage of cooling, 

Two facts indicate thnt Basalt Knob is an extrusive body of rela- 
tively youthfd age: (1) Its rock shows crude clolumnar jointing; thii 
t p  of jointing takes plaw by rapid cooling of the rwk usually under 
near-&we conditions. (2) The rock forms a rounded hill wKch 
stands out from the general shoreIine of Lisianski Met. It is likely 
that the h a l t  was not present when glacial erosion formad Lisianski 
Met .  The basalt is probably no more rmistant to erosion than is the 
adjacent *hist formation and would have been planed off level with 
the neighboring rocks if it had been p m n t  at the time the inlet 
was carved. 

~ J ? a O S k P E m x  

Nearly all the mh on the northwestern part of Chichagof Islmd 
ara metamorphosed to Borne extent, snd in much of the area the me& 
morphism has been m in t s~m that the original natura of the rocks is 
oblitsratad. In general the most highly metamorphosed rocks are in 
the northern and eastern p& of the mapped area. For the most part 
the rnetsmarphism is characterized by recptalIhation at high tem- 
perature with low athndant stress. The p m ~  discussed blow in- 
volve rocks that ham been dacribed in the p m d m g  pages. 



~ O m X l A T K O N  

In this report the amphibolite is euldivided into two p u p  : Mas- 
eive amphibolite, a m k  made up almost entirely of coarse-grained 
hornbIende and sugite; and amphibole-plagioclase, cornposed of 
elongnte hornblende crystals set in a, matrix of plagiwlsae feldspar. 

Massive amphibolite wcurs in large, widely scattered bndies in or 
adjacent to diorite throughout the southern and western part of the 
mapped area. The largest crop out on the peninsula betwen Lisianski 
Inlet and Shg Bay. Others crop out on Y &obi Lsland, 1 mile south 
of Elfin Cove, along the east shore of Port Althorp, and on the George 
Islands. Some of the b s t  expares  of amphibolite known to the 
writer are in the range of Rills between the west arm of M a s  Bay 
and nrady Glacier. Thia is outside the mapped area, but the rocks are 
part of the same geologic province that includes the mphiboIita at 
Elfin Cove, the Osorge Islands, md Port hlthorp. 
The amphibolite commonly occurs in highly metamorphosed older 

rock, chiefly diorite. Its con tact3 are irregr11a.r and show no evidence 
of forceful injection. Another common characteristic is its tendency 
to form small, widdy scattered masses. App~rently msny of these 
amphibolite maws am compIetelp surrounded by oIder m k  and have 
no connection to other bodies or to any outside source. 
Xn outcrop the massive amphibolite is dark peen to nearly black 

The rock typically is mam grained with the crystals forming a mat 
or felt. The crystals lie in all directions and form a decussate texture. 
Internal structures have not been found and, at best, must be consid- 
ered a rarity. 

The principal minerals in the mwive  amphibolite are hornblende 
and a pyroxene, usually augih. Other minerals include chlorite, 
zoisite, clinozoisite, epidote, qunrtz, feldspar, and pyrite. Of the latter 
group, chlorite and misite are the most abundant. Hornblende, as 
seen in thin section, ranges from brown to nearly colorless; some is 
nearly nonpleochroic. Chlorite forms from hornblende and augite. 
The minerals of the epidote p u p  are formed by the alteration of feId- 
spar or of pyroxene. 

Field  elations do not clearly show whether the amphibolite was 
formed by injection or through recrystallization and replacement. 
The contact betwwn the amphibolite and adjacent rock is sharp, but 
shows no evidence of chilling or metamorphic phenomena commonly 
found at the conhcts of injected masses. The contact is nearly every- 
where very irregular, and small anastomasing stringem of amphibolite 
commonly lead out into the host rock. The ampliibolits is invariably 
found in rocks which have undergone high mesothermal or low 
htathemal  metamorphism; the writer believes that most of these 



maeaive mphibolites have formed in place from the rock at hand. 
At one place on the south side of the George Islands where the p r m  
of amphihhtization is particularly well shown in outcrop, the writer 
found evidenca that mawive amphihlite formed from an older 
garnet-bearing dioritic rock At this p l m  all the structureg are 
present which am commonly associated with m a ~ i v a  amphibolite. 
In addition the diorih at one place has been altered to amphibolita 
for one-half inch on each side of a small fr&,ure, The fracture 
ikelf is still preserved, precluding the possibiIity that the amphibolite 
is an injected dikelet, and in thin section the outlinea of the garnet 
crystals of the older diorite are still visible in the mnssive amphibolite. 
Thus it is fairly certain that part of the massive amphibolite is ra 
mrysbllized or replaced diorite. 
The formation of amphibole-pIeoclase rock is better understood 

than is the formation of the massive amphibolite. The amphibol- 
plagioclase rock is mainly in areas where the diorite or gabbro came 
in contact with be-rich dimentary r&. Them appears to be a 
distinct relationship between the size of the hornblende crystals and 
the amount of lime present: the more lime, the larger the hornblende 
crystals. This does not hold true for pure limestone beds, however, 
which shply mrgstallize to marble without the formation of new 
hornblende. 
The amphibolite composed of feldspar and hornblenda is miner- 

alogically simple. In addition to plagiodsse and hornblende, the 
rock contains small mounts of epidote, calcite, and quartz. The 
feldspar is anorthite, reaching rs maximum of h m .  It is unusually 
dear and free from alhration products or inclusions. Twinning is 
well developed. Zoning was not obmrved, 

The amphihle+plagioclase rock is grained and ordinarily 
contains hornblende crystals to 9lh inches long. Locally, however, 
under pmcrticularly favorable conditions of crystallization, the crystals 
may be 8 to  10 inchm long. The minerals of the amphibole-plagioclaae 
rock show Pith or no tsndency b form parallel orientations. 

RJBCRPBTALLIEATION OF QRlGBWBTONg TO METAMORPHIC DIOR- 

At several places on the northern part of Chichagof Island, p n -  
stune that has been recrystallized to a rock outwardly resembling 
diorite is exmptionl*lly wall exposed. The recrystallized rock is sim- 
ilar to normal diorite in texture, p i n  size, md mineral composition. 

One such exposure is on the central ppart of the largest island in the 
George Island group. Here the transformed rock contains garnet, 
and Wus is not completely typical diorita The greenstone at the 
contact consists of monoclinic and orthorhombic varieties of pyroxene 
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and a pale-brown, faintly pleochroic amphiboIe. h t h  the horn- 
blende and the orthorhombic pyroxene are chloritized, The mono- 
clinic variety in any ana specimen is generally Isss altered than the 
orthorhombic variety. Near the pIace in the zone of ahration where 
the first change in texturo can be discerned in the hand specimen, 
the pyroxene, in thin section, is partly recrystallined to misite. The 
zoisite incremes in abundance away from the greenstone and toward 
the diorite. At a certnin point in the outcrop, where the rock shows 
an igneouslike texturn, the zoisite appears as patches which remnb1e 
milky-calored feldspar. Upon further crystallization, the misits is 
transfomd into plngioclnse, and at a b u t  the same point new horn- 
blende appears. 

kLBfiIZATION 

Albitized rock appnmntly is abundant in a broad balk around th0 
mutll and west sides of the diorite bodies south of Lisianski Inlet 
md in bands along the east side and central part of the Inian 
Peninsula, Most of the albitized roclc was originally either mafic 
volcanic rock or sedimentary rock, The initial stage of albitization 
is difficult or impossible to recognize in the Iland specimen. Near 
the diorita the albitized rock is coarmr grained than the original 
m k  ; germrally it has s pronounced planar foliation parallel to the 
strata of the original rock. The most notable change, however, is 
in color, for the rock grades from a dark gray OF green in slightly 
albitized rock to the color of normal quartz dioritg in the highly 
albitized rock. 
The wide d n t  of the albitiz~tion was not mcognized until wm- 

pletion of the field work when the material wm examined under the 
miormope. The specimens collected as representative of the initial 
s h e s  of albitization am seen in thin scction to be already well 
albitized. Specimens showing the complete sequence of even& in dle 
proms were not collected, and the only specimens available thnt 
show the p r m ~ ~  in its earliest s t q p s  were collmtd from widely 
separated plaees and for a different purpose. Thin sections of mcks 
mll& by Reed and Coats from the Chichagof mining district that 
show the p m x s  of albitizntion were nlso examined by the writer, 
but the exact location a d  geologic environment of these latter speci- 
mens were unknown, and the vnlue of the data thus obtained was 
c o m n & w l y  lessened. 

One area, chmacterized by albite believed to be formed by meta- 
morphism extends from Strsg Bay southeast ~ls far aa Big Chief 
Mmntain. Smaller bodies of similar rock crop out on the south 
wide of the two mountains directly south of the Gonlding Lrck~~. 
In outcrop the qu&z-albite rock closely resembles quartz diorite. 



The rock is light colored, medium grained, and foliated. Quartz; 
mdio plagioclase, ttnd muscovite are everywhere present. Most albi- 
t d  rocks contain dori tq  zoisite, dinomisite, and rarely pyroxene; 
Hornblende is premnt in places. A potash feldspar, probably adu- 
Iaria, was identified as a fracture fiuing in one of the specimens. 
Two ages of plagioclase were recognized, the younger bing the more 
aodic. Original and m n d q  quartz is abundant, and probably 
some is introduced. 

Evidmce that additional sdium was introduced to form albite was 
not recognizerh. In p I m  albite does replace older feldspar, but this 
does not n m a r i l y  indicate that sodium has been introduced ; mth~r, 
the pmxmce of chlorite, zoisiEB, elinomisite, and epidote suggests th& 
the albite was formed by dissociation of the celcic feldspar, the cal- 
cium and some of the alumina going into tha formation of thew 
minerals and the remaining material forming albite. 

COXFACT METkMOICPHXBM 

The introduction of the magmas composing the stock at Lost Cove, 
the stock at Lake Elfendahl, and the stock at M h r  Harbor pm- 
d u d  normal mntact aureoles These are the only stocks at which 
this occurred w i t h  the mapped area, and the extent and degree of 
metamorphism is mall. 

At Mirror Harbor and at Lost Cave the graywacke is recrystal- 
l i d  for a few tens of feet fmm the gabbm and quartz diorite contact, 
The recrystallized rock is h e  grained, and few minerals are identi- 
fiabls in the hand specimen. Under the microscope, the m k  shows 
plentiful new biotite with a strong preferred orientation. A few 
small garnet crystals a h  have formed. The original quartz and feld- 
spar are largely recrystallid but have not increased greatly in size. 
Anddusite is also present, but its origin may be unrelated to the me- 
amorphisrn produd by the intrusion. Andalusita is actually more 
abundant several miles away from the stocks than at the mntact. 

The stock at Lake Elfend& intruded only mks of the schist and 
p n s t o n e  units. The degree of metamorphism produced by the 
quartz diorite is slight. Within a foot or so of the contact, the 
stratified rock is recrystallized to hornfels. Beyond this, the mck 
appears in the hand sps~hen to be unaflected. The quartz diorite 
kwrnes slightly h e r  p i n e d  within a few feet of the contact, and 
maintains this finer grain to vrithin 2 inches of the contact. Clowr 
than 2 inches the m k  becomes perceptibly finer grained. Thin m- 
tions taken acros tbe contact show nothing unusual. The quartz 
diorih at the contact is composed of quartz and feldspar, and the 
p n s t o n e  contains pale-gmen hornblende and small amounts of feld- 
spar, quartz, and magnetite. 
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Inrrsmnch as most of the bedded ra:h in the mapped m a  are 
co~~fomabla, one of the best ways of portraying stmctrtfe is to 
map t h m  beds m i n g  mme l~tersl extent. For this reason most 
of the limestone beds were mapped. Their trace faithfully reflects 
the over-all structural pattern (pl. 12). 

On the map, three large areas of bedded rocks are ePident, One 
lies dong the muthwest side of the map* area, one is a bifurcatd 
m m  extending from Lisians& Inlet northward to include parts of 
the George ~ n d  the Inian Islands, &nd the third is between the head 
of Zisianski Inlet and the outlet of Idaho Inlet. 
The bedded rocks in the southern part of the mapped area are struc- 

turally a continuation of the greenstone schist, greenstone, limestone, 
schist, and graywake units as mapped by RBed and Coats in the 
Chichagof mining district. The rocks between GonBding Harbor 
md the stock at Lake Elfandshf. strike northwest and dip about flOa 
SW. Farther north they shew a tendency to steepen almost to ver- 
tical; near Stag Bay and on Yakobi Island they are overtnmed. 
The graywacke unit separates the stocks at Lost Cove end Lake Elfen- 
dahl. It .t in this area, near the longitude of Porcupine Bay, that 
the graywacke nnit is offset to the north. The odmt may be due to the 
intrusions of the stocks at L ~ k e  Elfendakl and I .  Cave or ta a 
deepse~~tedmgiwal fl~m~ 

Bedded rocks believed to be correlative with mh in the greenstone, 
marble, and schist units crop out between Idaho Inlet and Lieimski 
Inlet. Their general strike is northwest and they dip steeply in both 
directions or are vertical. I f  the correlation shown on We geologic 
map is m m f  the young& part of the sequence lies on the southwest 
aide of the mas;  thns, the quenca  is overturned where the rocks dip 
southmwtward. The bedded rack nesmst Lisianski Inlet and north 
~f a point 2 miles northwest of Basalt f i o b  strike N. 30- W. and 
dip to the southwest. The beds on the northeast side of the western 
part are either vertical or dip to the northeast. T h e  M d e d  rocks on 
him Peninsula strike N. 10" E.-N. 10" W. The  dip is vertical or 
steep in either direction. 

Betwean the southern part of rocb of the marble-gneiss squemc.8 
north of the head of Lislanski Met and a line due sast from the town 
of Pelican, the shah strike N. 25"30° W. and dip 50"-70° E. The 
trwd changas in a few places; for exmple, the strata in the vicinity 
of the sonth fork of Phonograph Chwk change in trend from N. 3O0 
W. to N. 60" W. At the pint  of the p W  change in strike the beds 
fl- and dip 40"-50" NE. 



192 MINERAL RESOURCES OF ALABKA 

A fault; possibly having p a t  displacarnent, trends N. 80" E. under 
the largwt lake a mile aast of Marble Mount*. North of the fault 
and east of the band of diaritic rock tha str&t.a str ike N. 10°-200 W. 
md dip 40"-50" E. The rocks south of the fault shike almost due 
north in the area about 2 miles muth of the fault until, at the fault, 
they strike N. 80" E. The dip remains fairly constant at about 45" E. 

The marble baas and sedimentary rocks included in the diorih be- 
tween Idaho Inbt and Mud Bay strike N. 10°-500 W. end dip steeply 
northeast. The bedded rocks along the west shore of Mud Bay and 
Goose Island show that they have been subjected to considerable 
movement under high confining pressure. At one place on the east 
side of Goose Island, marble has been squeezed hh a dike-shaped 
body along a vertical joint. T h e  mgional trend of t h ~  bedded rocks 
on the east shore of Mud Bay is N. 15°-300 W.; they dip staeply 
to the northe& 

The minerals of most of the intrusive rocks on the northwestam 
part of Chichagof Idmd develop a preferred orientation. Usually 
this stmctm mnsihlts of an aggregation of minerah formed into 
lenticular or diak-shaped parallel bodies. Ordinarily these bodies 
am evenly distributed throughout the Pock ; banding is rare. In some 
of the intrusive mka, minerals such as hornblende are orientad with 
their long diction parallel to a line rather than tn a plane, a feature 
referred to in this report as lineation. Probably many of tho mks  
that show foliation alm have lineation, but lineation is aommonEy 
difficult to recognize and has not baen systematimlly mapped. rn 
many srerts preferred orientation of crystals is only vaguely 
discernible. 

D r m  TE 

The diorita shows foliation over most of its surfwe, but cumonly 
the d e p  of foliation diminishes toward the center of the dioritic 
bodies md ordinarily b r n a  vague or is indkernible at  distances 
greater khan 2 miles from the contact. Southeast of Stag Bay, most 
of the diorite masses sapparated by elongate strips of bedded rock am 
foliahd pardd  to the bedding. The large body of ddiorite imme- 
diataly south of Lisiadci h le t  shows a strong foliation over most of 
its surface. The average trend is northwest, pamllel t~ the long 
direction of the body, except along the south side of Lisisnslri 'Inlet. 
In this area the trend is generally due north, but the significance of 
the change in direction is not known. The foliation in the dioritic 
rock body in the vicinity of Port Althorp ia also variable. At the 
south snd of the body the foliation strikes N. 20"-30° E. and dips 



from ver+icel to 80a S. Most of the northem part of tho b d y  is sub- 
merged beneath Port Althorp. In the few outcrops, near the c0ntact.a 
with the enclased bdded m k s ,  the average trend of the foliation is 
northwest, p d e l  to the contact 

The large body of diorite between Idaho Inlet and Pelican shows 
definite foliation. l'ha foliation is unusual in that it is generally not 
parallel either to the centacts or to the bedding in adjacent bedded 
rocks. In the area 2% milos north of Pelican the foliation strikes h'. 
30°450 E. and dips 60" SE. The contact is parallel to the bedding 
and strikes 20" W. Farther north, in the area drained by the largest 
creek emptying into the upper end of Port Althorp, the foliation 
strikes N. 40"-70" E. and dips 4U0-800 SE. This strike is, in places, 
nearly at right angIes to the long nxis of the exposed diorite body. 
The diorite batholith that lies due north of the southeast end of 
Lisianski Inlet is somewhat f 01 j ated, The fol intion curves around the 
margin of the batholith in sn arcuate form ; it generally dips steeply 
toward tha center. This rock mass is poorly foliated for more than 
2 miles from the mntact; nearer the center of the batholith the rock 
is almost structumless~ 

Except for the younger racks associated with the nickel deposits, aII 
the qurtrtz diorite is foliated. In general the foliation is northwest 
par~Ilel to the regional structural trend of the enclosing rocks, This 
is true even in the stock at Lake Elfcndahl where the stmk ia elliptical 
in outline and has its long axis almost at  right angles to the strike of 
the enclosing rock (pl. 3). 

Bemuse little detailed mapping bas been done of the intrusive rocks 
m i n t e d  with the nickel deposits, few valid generalizations concern- 
ing their foliation cnn km made. The quartz diorite awociated with the 
nickel deposits is only slightly foliated. Minerals in the gabbra and 
norite bodies, which generally are encircled by quartz diorita, show 
in outcrop no tendency toward parallel alinement. Primrtry bnnd jng 
in the norite crops out at two locnlities in the stack at Mirror JTnrbor. 
One outtrnp is on tho east shore of nrtvison Ray, mnd the other is on 
Comomnt Islands. Tn both localities the banding. is ne~rlp hari- 
aontall. 

FAULTS 

The rmks of northwestern Chichwf Tsland, indading thew in the 
Chichwof rnininp district, are cut by many faults. Reed ~ n d  Coats 
(1941, p. 63-73) discuss at  length the subject of faults and faulting. 
They dmrihe most of the I ~ r p ~ r  faults, some of which cnn he trwed 
into the area mrtpped by the pw,nt writer. 
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Most of the major faults trend narthw&ward and dip at steep 
angles. Many cut the stratified rocks ttt low anglea; mme trend par- 
allel to the stratifica.cation for a few thousand feet and then bmnk away 
at  angles as great as 30°. These faulb gradually swing back parallel 
to the stratification planes, only to repeat the process farther on. 

Splitting is characteristic of the faults; generally they split where 
a change in h n d  rwxurs. The last movement on many of the north- 
westward-trending faults was either horizontal or at anglea of less 
than 30" in either direction. The displamment is generaIly mall 
on any one fault, but the total displacement of all the faults geneti- 
cally related to the northwestward-trending network is probably 
peat. Most f %ults f olmd are n o m l  faults. Low-angle thmst faults 
are mm 

Becauae the fault zones contain highly s h e a d  rock which is easily 
eroded, m& of the fault t m s  am marked by elongata d e p d o n s  
formed by erosion of the softer mck For this mason, nnlm th.e 
fault zone cuts a mface on dopes too &eep for detritus fa wrtmu- 
late, or i s  kept clear of detritus by mming water, the zone is covered 
The partly filled depressions that represent the fault tracss are visi- 
ble, however, both on the ground and on slerisl photographs, and 
many faults shown on the geologic map were traced by photogeologic 
m~thods. T ~ B  presence of many of these faults has ken verified in 
the field. 

Few fault traces are greater t h  10 mileg long at the 8urfaq but 
most faults are connected by splits and the effective length of the 
fault zones is greater than the length of my one fault. The widths 
of fault zones vary p a t l y .  Some mnea are only a few inches wide, 
but others consist of s11bpma13el faults and are as much as severs1 
thousand feat across. Rock within most of the hdt zones is highly 
comminuted. The color and consistency of lthe sheand rock, or gouge, 
depend Iargely upon the original rock G e w  from gmemtane or 
diorite is usually gray or grayish p n .  Graywscke or carbonawns 
shaly & are dmk-gr~y OF black. C a r h  i s  present on slickensided 
surfam and in the gouge; pyrite is a h  pulverized to a black powder 
msembIing carhn. This is appaent along the main fault at the 
El Nido mine. A few completely haled fault zones have been noted 
in the diorite. They can h. detected in the mtcrop by the discard- 
anm of the foTiation md by broken recrgstallized m k  fragments 
These faults probably fomed at great depth and neder high can- 
fining pmmm. 

Them i8 zm appsrently continuom gradittion batween typical jointa 
and f nults, which m l d  not always b didinguishd in mapping. This 
dificulty was even more pronounced in phatogr~tphfc inhrprebtion 
mapping. Some geologists might lab1 a few of the fault traces 
shown an the geologic map as well-developed joinh. 



Reid and Cmt~ (1941, p. 'rS'I3) describe a h g e  f a d t  that crops 
out on ITirst Mountain and tmnds acms the Chichagof mining dis- 
trict. They believed the fault separated the p n s t o n e  and the 
greenstone-schist f ormatiom. They traced it to the edge of the lake 
3% miles due east of the head of Pintrt BayJ Appmntly the fault 
splits mder the laks. One part continuas northwest as far as the 
muth side of the low& lake of the chain draining into Godding 
Harbor. The other split trends northward to Otter Lska, but has not 
been wgnized with certainty any farther north. Neither of these 
faults forms a cantact, between diflerent rc& typa in the area 
mapped by the writer. 

rAm'1" B m  -0s BLUVQH kBP BAY 

A fault zone about 60 feet wide extends from the &rn shore of 
blaa Bay to a point one-hall mile southeast of Sea h m l  Slougk 
Tha muth side of the fault over nertrly all ita expawl length, is t o p  
graphically higher than the north. The scarp seems to have hen 
formed in Recent time, for the area in which tha fadt tram lies is 
a well-developed wave-cut bench. If the scarp had h e n  present when 
the coast was submerged and cut by wave action, it almost certainly 
would have h e n  eroded so that opposite i d e s  were level. 

An inkmelatad group of northwestward-trending faults cuts tho 
mh in the m a  south of Lisianski Inlet, The same group extmds 
mmsa the Chichagof mining district. The faults in this group are 
better developed than others in the am8 in which they omw. Most 
of the f a d h  qsplit at several placa, and pmbably all are i n k -  
ccimd. The most persistent of them faults m u m  at the contach 
of the bedded rock and the diorike in the area southeast of Stag Bay. 

The contacts are inherently zones of structumE weaknsss; hen% 
the posj tion of the faults is largely controlled by the position of the 
contacts. The disp~aoement along the faults is smdl and the faults, 
although long, a m  of no great structumZ significanm, their main 
bportmce being that they are potential lwatione for om deposition, 
Both the Hid-Chichagof and the Chichqof veins omur in this 
northwestward-tmnding network 

Evidenoe of faulting is present in the rocks along the &oms of the 
inlet, and major fa& that are probably parts of t b  same zone exist 
muthe& of its head. The zone may e n d  farther sotltheast be- 
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neath Hoonah Sound and under parts of Peril Strait. Quartz diorite 
hm been intruded along the fault zone both in the area of Lisianski 
Met and southeast of its hed .  Undoubtedly the faulting antadaha 
the quartz diorite intrusion, but renewed f~ulting has taken place 
both at the mntacta md within the quartz diarite. 

FAULT P-EL TO T&E mAAO AHD TBMAEEE I lPLm 

A huIt of great length parallels Idaho Inlet, The northernmbst 
exposure is on a stream that flows into Idaho Inlet 1% miles soath- 
east of the smsll village on the east side of the inlet. The fault zone, 
aver most of its exposed length, is exceptionally wide. The evemge 
width is more than 1,000 feet. Due east of the Bead of Idaho Inlet, 
the land surfme is higher on the southwest side of the fault than on 
the northeast side. Ground observation and examination of aerial 
photogrnphs suggests that this topographic feature is a fault scarp, 
If this interpretation is correct, movement has taken place along the. 
fault since the area was glaciated, for such a feature would be e d  
by even moderate glacial erosion. 

AGE OF THE FAULTS 

Little is known of t he  age of the faults. A few faults tire p e n t  
in the diorite that were completely healed when the r& were re- 
crystallized; these faults are older than others in the diorite that am 
.not healed. Most of the faults &re in the northwestwad-trsnding 
network which cuts the rocks of Mesozoic age. This same network euts 
tlre diarib; thus it was formed after Early Cretaceous time. 

'Carp faults cnt the mafic and silicic rocks amiated with the nickel 
deposits on Yakobi Tsland. Most of these trend northeastward and 
are believed to ba younger than tha northwestward-trending network, 
which probably was formed before the intrusion of the mafic m k ,  
The northeastward-trending group was- formed later, w i b l y  in 
Tertiary time. 

Aa mentioned above, certain fauIt scarps apparently famed in 
post-glacial time, and other fa& have disturbed talus and alluvial 
deposits of Recent wge. From this it, is inferred that movement dong 
these f ~dts probably is still taking place. 

An outline of the geologic history of the north end of sontheastam 
Alaska is given here in order to relate the mapped a m  to its gwlogic 
environment. 

Tl~e oldest mb known in the northern part of southeastern Alaska 
consist of a thick succsssion of marine sedimentary rocks of Paleozoic 



age, In the mapped area these are prohbly represented by the 
marble-gneiss sequence, The sea in which thm mcka were deposited 
was fairly deep but possibly rather narrow. That the bottom was 
partly irregular is suggested by the marked changes in thickness which 
take place in some of the formations over relatively short distances. 
Penecontempormeous slumping, braxiation, and marine landslides 
sugpt that during part of the Paleozoic era the sediments were de- 
posited in a geosynclinal basin or along a continental slope that 
trended northwestward and occupied m area that today is the central 
part of  outh he astern Alaska. Volca~iism was intermittent through- 
out the Paleozoic era, but it never mas as intma as ~olmanism 
of the Mesozoic era. 

During the Triassic period the area was uplifted until part of it 
s t m i  abave sea leveI. Volcanism was common and lava and ash were 
deposited in seas which lay both to the east and to the west of the 
central upland area. The volcanic rocks were partly interbedded 
with marine sediments, in this report called the -stone unit. 
T h e  volcanoes mmionally rose above sea level, and ash and lava in 
placas filled the geosynclinal basins until deposition was in part sub- 
aerial. The clme of the Trinssic period was mark& by the greatest 
volcanic activity of the Mesozoic era. At the end of the era the 
major volcanic activity ceased and the land subsided below sea level. 

Although the age of the bedded rock in the mapped area is not 
well established, the first Jurwic rock deposited possibly was lime- 
stone (the marble unit) including a, few lenses of volcanic ash which 
indicate that volcanic activity had not censed. At the close of the 
limestone deposition, carbonaceous elastic sediments were deposited. 
These form the lower part of the schist wit. Imally under favorable 
conditions limestone beds were formed in small but persistent lows in 
the ocean floor. Submarine sedimentation continued until new the 
end of the period, when valcnnic activity had gradually increased 
almost to the exclusion of sedimentation; however, even at its maxi- 
mum, volcanic deposition of Jurassic time did not equal in magnitude 
that which had occurred at the c l m  of the Triassic period. Volcanic 
activity stopped suddenly near the close of Jurassic time and the land 
was again submerged. At many pIaces the contact between rocks 
believed to be ,Turnssic md those believed to be Cretaceous is marked 
by thin discontinuous beds of limestone analogous to thorn between 
the rocks of Triassic and Jurassic age. During the fist part of the 
Cretaceous, grywacke was deposited, probably on the bottom of a 
shallow sea adjacent to a fairly high landmass. In the mapped area, 
these mka are reprewnted by the graywacke unit. Most of the 
diments  deposited were fairly well sorted and h e  grained. Locally 



over a few tam of square mila conglomerates with rounded boulders 
were deposited. Graded bedding and other structures found in the 
p y w a c k e  sugpt that much of this material was depo~ited by turbid- 
ity currents. Generally tho gaywacke is interbedded with carbons- 
caons siltstone and argillite, indicating that the inbmals of rapid 
deposition wera followed by long periods of quiet. After about 10,000 
feet of interstratified gramache and ailtstone had been depi ted ,  
volcanic dwi ty  again started, The last part of this record ia miss- 
ing in the rocks of the mapped -. 

The sedimentation and volcanism of the m h  of Mesozoic age aeem 
to have bean governed by a systematic law. The same cycle of ge&. 
logic activitjr is found in each period of the Mesozoic : gedimentstion 
followed by voEaanic activity which began gradually and incressed in 
intensity until the end of the period when i t d  abruptly. Further- 
more, the ratio between sedimentation and volcanic activity seems to 
show s sytstRmatir: variation for each period of the Mesozoic, and eseh 
period h d  more sedimenhtioa and 1cw vol~~~nisrn than the p d i n g ,  

Geologic investigations of other parts of southeastern Alaska show 
t b t  mountnin building, injection, and intense folding snd faulting 
took place not long after Early Cmtmwus time. 'Phe mountains 
formed are coZlectively h o r n  today ras the Coast Ran@. In the 
northern part of southeastern Alaska, diastrophism took place in two 
parfillel northwestward-trending zones, each along the east side of 
its respective geosynclinal basin. Probably as the mks of Mesozoic 
age were depositd in the geosynclinal b h ,  the earth's cnzst waa 
d e p d  by their weight. I f  this is true, then it is possible that eithsr 
no rocla of hfmzoic age or a much thinner snceession was deyited 
in the mtml part of southeastern Alaska. The lithofogic sequence 
on the eastern geasg.nclinal basin is not known in detail to the writer, 
bnt the rock @pas are much the same as t h m  in the western basin. 
The ~oIcanoea which supplied the ash and lava far the rocks of 
M-ic age probably were in the area now occupied by the diorita 
batholiths, and it was in the lower parts of them volc8nw that in- 
fmsian k& started. It w w  during or jut p d i  this period of 
intrusion that the & of Mmozoic age were intemly folded to the 
northeast to angIes of more than 45". The strike ms northwest, 
parallel to the axes of the gemynclinal basins. In the mapped area 
only the east flank of the western geqnclinal basin remains, but 
most of tha e-rn -cline is preserved, as the intmives came in 
along its east side (Buddington, 1923, pl. 2). On Bamnof Island ths 
dioritic bhs ions  appear from Buddingtan's map to have bwn in- 
jected directly into the rocks of Mesozoic age which make up the 
w w b m  basin, and Ule structum is therefore more complex. T'bromgh- 



out southe&ern Madm the roch of Paleozoic aga between the two 
b a a h ~  were uplifted diflerentidly, so the oldest socks wore exposed 
along the west side of heir outcrop. 

By the time intrusion of the diorite & a d d ,  ths lowest of the r& 
of bfwzoic age were buried to a depth of 25,000 feet or more. At 
this depth tbs rocks in the vicinity of the magma h m e  either thor- 
oughly mcptallized or cumpletely melted and incorporated in the 
m a p a .  This widespread metamorphism and h i o n  is an outstand- 
ing characteristic of the rocks related to the Coast Range intrusive 
ma-. By the time the diorite had solidified, probably through 
~ooling brought about principally through uplift and subsequent 
erosion, the m h  hha m h e d  the approximate shctural position in 
which they %re found today. 

Tntmse faulting followed the solidification of the dioritic socks, 
Thm faults prodad peat  displacement. The trace of one such 
fault lies along Lisianski Inlet and Roonsh Sound. Through move- 
ment along this fault, at  least 6,000 feet of the rocks of Mesozoic age 
has been reptad  to the northeast of the fault (pl. 12). 

Intruded along these faults as well as into the now Wp1y dipping 
strata of Mesozoic age were mall  mwes of quartz diorite, Their 
last residual fluids on cooling probably deposited the gold-bearing 
quartz veins. There was possibly a similar sequence of events along 
the w ~ t e r n  part of the eastern geos~~ncline, for the gold-bearing wins 
at the Treadwell mine near Juneau are &atad with silicic dike 
rock. Largely because of the topgmphy of that area, the writer be- 
limm that this dike was also intruded into or near s major north- 
wesCward-trending fault. 

Still labr the m k s  of Memzoic sga on the west coast of  Chichagof 
and Yakobi Islands and on the maidrand in the central part of tha 
Fairwartther Range were intnzdad by s layered mafic pock. This 
m k  is twmciated with nickel-bearing  deposit,^ and thus is of some 
economic importance. It crops out dong a remarkably stmight zone 
that Ii&q at a low angle to the regional structural trend and to the 
general trend of the major f 8nlts. The reason for this is not hown. 
The intrusions of rnafic rocks were followad by further intrusions of 
quartz diorik 

During Tertiary time marine and continental diments  were de- 
p i t &  along the west mast and in the lorn-lying bs in  within the 
interior of southeastern Alaska Intermittent volcanic activity con- 
tinued through most of Tertiaq time but did not rnateriaIly affect 
the structure ef the older rocks. The youngest m k s  a£ thn succession 
are either Pliocene or Pleistocene and contains glacially derived sedi- 
ments. West of the layered mafic intrusive mass between Icy Point 
and Litnya Bay, these sedim~nts contain the unusual minerals of the 



Isyemd mke.  For this reason the writer believes that some of the 
layered maf o rock was e x p d  to  erosion by PIiacene or Pleistocene 
time. The ca~stal rocks were fnrther folded, as is attested by the 
structures in the m k s  of Tertiary age of tho area, today. This re- 
SUIM in raising the mainland by RS much as 5,000 feet ; however, the 
coast was more mbmerpd than it is today, and wave emion and 
internittent uplift have been active ever since. The terraces along 
the west coast are evidence of this fact. The highest is still clearly 
visible, at an altitude of 1,600 to 1,700 feet. Zlower t e r m s  form sev- 
eral levels between 1,700 and 200 feet and minor ones Rave formed at 
oven lower altitudes. 

O R E  DEPOBTTB 

MEB; awr, EL m o  MImm 

EOCIITION AND HIBTORY 

T h e  Apex and EI Nido gold mines are the largest in the nrea. In 
1947 the mines were the property of the Apex-El Nido Mining Co. and 
were controlled by Mrs. 3, H. Cnnn of Seattle, 1;V~sh. 

The mines are about 3 miles west-southwest of Pelican, on the south 
side of Lisisnski Inlet in the headwaters of a small strsam Iocnlly 
called Cann Creek. A road about 1% miles long, now impassable ex: 
cept by f oat, connects Lisinnski Inlet and the mine mill. It is built on 
a moderate grade, and the upper end is at lm altitude of about 500 feet. 
Above the mill, the valley gradient increases m sharply that no r o ~ d  
has ever been built, and tho only means of reaching the mines is by 
h i l .  T h e  are mas delivered to the mill by =rial tram. Living 
quartera for the miners R ~ E I  at an altitude of 800 feet. Both mines are 
driven in the backwnll of a hnge cirque. The Tower poeal of dle Apex 
is 870 feet in altitude and thnt of the El Nido 1,055 feet, nearly at 
timberline (pl, 13). During the winter months the area is covered 
with so much snow thnt it is nacessary to curtail mining operations. 
Power for the mill and for mining was supplied from the waters of 
Cann Creek. Redroclr and the network of veins making up the ore are: 
well exposed except below the mines where deposits of talus and 
alluvium have accumulated. 

The history of the mines before 1923 is given by Buddington (1923, 
p. 116121). Reed and Coats (1941, p. 14&145) give a short mount 
of activities between 1923 and 1939. No mining has been done since 
1839, and the buildings and equipment ham been nearly d ~ t r o y d  by 
~andalisrn and the effects of the weather. In 1951 the timbers and 
nndergmund workings in the El Nido mine were in g o d  condition, 
but timbering in the Apex was rotting. 



!t'he Apex and El Nido mines are near the center of a large diorite 
body. Scattered through the diorite are ra few maws of mphibolit~. 
The Apex mine is in one of them amphibolite masses, but the gold- 
bearing quartz veins on which the mine weas founded extend into the 
adjacent diorite. The El Niclo mine lies within the diorite. 

The Apex and El Nido veins lie in the well-defined Apex and El Nido 
fauIts (pl. 12). The El Nido fault strikes about N. BB0 E. and dips 
30"-80° SE.; the Apex f ~ u l t  strikes N. 42"-60° E. and dips 30"- 
80" NW. A lrtrge almost vertical fault that  strikezl N. 65" E. lies be- 
tween the Apex and El Niclo faults; it intersects the El Nido fault near 
the projected junction of the El Nido and the Apex fault, and bisects 
the angle the two ore-bearing faults form at the surface. The main 
ore veins and their respective offshoot veins constitute a composite 
etructural pattern of remarkable ~ymmetry. The plane of the large 
vertical fnult is the symmetry plane. 

Tlie offshoot veins soutl~east of the strong ~ e r t i c ~ l  fault strike N. 
50" E. and dip 50°-800 SE., and t l l w  northwest of the fault strike 
M. 4 5 O  E. and dip 50"-80" NW. It is not known what control this 
structural vein pattern had on ope deposition. 

APEX M I m  

The Apex mine is developed along a fissure-type quartz vein that 
crops out in the cliff bnckwall of the cirque. The Apex vein is in a 
fnult which strikes N. 42"-60° E. and dips 30°-80" NW. The average 
dip is nbout 50". The vein is not as persistent along the strike as it 
was reported to be by Buddington (1923, p. 118), but pinchm out at 
the surfnw about 550 feet south of the highest tunneI portaI. The 
plane of the Apex vein l~trs  a wavy, stairlike structure, The steep 
parts dip as much as 80° and the flat parts as little as 30'. The 
thickness of the vein is not entirely dependent upon the degree of 
dip, but in gemera1 the stgep parts are the thickest. Because records 
an riclmess of the ore were not available and because the mine mas 
not accsssible underground, below or above the main working level, 
little is known to the miter concerning the size and extent of the 
main ore shoot. 'It plunges to the northenst at abut 55". Several 
offshoot veins have b n  mined near their intersections with the 
Apex vein. An offshoot vein, containing gold and traces of mheelite, 
branches from the Apex vein just above the highest tunnel. It ex- 
tan& about '100 feet due south of the tunnel; beyond this point 
it is covered A vein, which may be an extension of this offshoot, 
is exposed in an isolated outcrop within the covered area and also 
farther southwest. Here the offshoot vein, or another vein on strike 



with it, has a structure that 8tmngIy rrmmMes that of the Apex 
. Xta dip is &bout the s&me &9 that of th8 Apex vein, and steep19 
dipping veins also branch from it. 
The most Gommon rnetalljc minerals other than gold in the Apex 

vein are, in order of dmreasing abmdanca, pyrite, amnopyrite, 
chalcopyrite, plena, sphalerite, and btrahedrite. h o p y r i b ,  
pyrite, and chalcopyrite are more abundant in the off shoots than in the 
main vein. The offahoots contain traces of sch~liB, but none was 
found in the Apex vein ih l f .  Free gold m u m  along fractum 
and shear zones in the quartz veins. 

The amphibolite, which is the wall rock, is hydrothermally al- 
tered from 8 inches to 10 feet on both sidw of the vein. The altered 
rock is purplish g a y  to gray on freshly fractured ~urfaaes; on 
weathered mrfacas it is gray or rust brown. Pyrite and magnetite 
can 'be recognized in the nltered rmk, and some gold is p m n t .  One 
sample of altered amphibolita, taken 10 feet from an adjacent vein, 
mntained 0.02 ounce of gold and 0.10 ounce of silver to the tan. Rock 
closer to the vein probably contains greftbr ~maunta of gold and 
silvar. In thin section the altered rock shows a maas of iisotropic 
material intimately m i d  with a carbonata, probably calcite. Out- 
lines of relict I~arnblenda crystals generally are not visibl~, 

The writer was unable to examine much of the enderground work- 
ings because the condition of the timbers rendered extensive under- 
ground mapping unsafe. The main working level and the m a l l  
tunnel 25 feat blow the main level were examined. The indined 
raise was examined for a short distmca below the small tunnel, m d  
a c r m u t  from the raise toward the Apex vein was a x W e d ,  The 
sntim lower adit tunnel was mapped. 

This cursory examination showed that the main om shoot plnnges 
northmt at about 50°40" ; plans for fuhre exploration should take 
this into amunt. The steeply dipping oflshoot veins justify some ex- 
plarntion, particularly in the area near their iutemedion with the 
Apex vein. 

EL -0 h¶m 

The El Nido mine, like the Apex, is on t p i d  h r e - t y p e  quartz 
veins along the El Nido fa&. The El Nido veins and fault strike 
N. 68" E. and dip 30"-80° SR. (pL 14). One or mom aplite dike3 
occur within the fault zone, and the qua* veins are on either or both 
sidw of the dike. The EE Nido fadt can be t m d  for abut 2,000 
feet on the surface by means of intermittent outcrops. Quartz con- 
taining free gold has been mIl& by the writer from isolated out- 
crops for a linear distmca of 1,700 feet along the f a u k  The part 
of the vein that has been developed is the thickest part thus far dis- 



covered, but the vein may mainbin this thickness beyond the snd 
of the underground workings for some distance to the southwest. 

Many veins branch from the El Nido vein. The ore shoots on h t h  
the Apex and El Nido veins lie along the intemction of the main vein 
and the mne of greatast concentration of offshoot veins. At the El 
Nido mine this zone of concentration, when projected to the lowest 
level, probably lies slightly beyond the southwestern limit of the lowas 
tunnel; this fact merits serious consideration in planning future ex- 
ploration. Many of the offshoot veins contain sulfides and probably 
goma gold, but most am too narrow or too lean to be mined profitably. 

A ligh t-colored dike ad jaceat to the main quartz vein extends farther 
northeastward than the quartz vein. Near the mine the dike has an 
average thickness of about 10 feet, but the southwestern part splits 
into two smaller pamllel dikes ; 1wxlIy it has been highly nltemd by 
hot solutions. Small veins of banded quartz m r  along one or both 
margins of the dike, and similar quartz veins am exposed in isolated 
allkrops along the sides of the dike for mom than 1,0001 feet northeast- 
ward from the mine. The writer found free gold where the dikes and 
accompanying veins cut across the I t u p  vertical fadt southwest of 
the El Nido mine. 

Ths main vein is charactmized by alternating Iight- and dark-colored 
bands. The lighter bands am quartz, and the narrower dark bands are 
gauge, formed from pulverized sulfides, talc, and chlmita. F m  gold 
in this vein is signaled at many places by a distinctive green stain on 
the su~~oundig  quartz. 

Scheelite, a vaIuabIe tungsten-bring mineral, has been found in 
the El Nido mine. W. S. Twenhofel, J .  C. R e d ,  and G. 0. Gates 
( 1949, p. 20-23) examined the mine with an nltraviol et lamp. BeIow 
is an excerpt from their report 

Both adit levels of El Mido mine were examined for scbmlite wltb an ultra- 
violet lamp. On the lower leveI, between tbe place where the  vein 1s first en- 
countered by a croasrmt from the surface and a raise to the nppw lewl, the 
vein contains =heelite in disseminated grains and In m a H  streds agalnsl, the  
hanging wall. Near the raise the wheelfte ia somewhat more abundnnt than 
farther northeast, but farther back in the adit. where the vein ia thln and dls- 
contlnnoua, whwlite ia  very marsely distributed. Scbeetlte Is abnndant in the 
hat  6 feel of the adit and In the face, where the vein la 4 to 6 inch- wide. 

An a m  along the vein in the upper adit level, 133 fmt northwest 
of the raise, contains some scheelih (pl. 14). The report further 
&a& that, : 

At this place material, presumably largely scbeelite, has been gouged out of 
both the floor and the back of the adft, and the w a b  indicate that the velnlet, 
before the material m a  removed, waa 6 Inches or more in width. 

B d  on the examination with the ultraviolet lamp, the authors 
(op. cit  ) believed that: 
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. . . the vein on the Iower adit level htween the crosscut and the raise may 
carry about 0.2 percent of WCh and that the relatively high grade part of the 
rein near the fare may contain about 3 percent WOL The scheelite content 
nf the vein in the upper level, except idly, is probably less than 02 percent 
nf WCL Thew esttmntm may be wldelg in error. 

The wall rock on both sidaa of the vein hm bsen alhred, and the 
rock-forming minerals are exbnsively mplp~aoed by a carbonate min- 
eral. The visible effeet of alteration is not as prominent in the diorita 
along the El Kido vein as it is in the arnphibolite at the Apex vein. 
The altered diorite, how~ver, can usually be distinguished from the 
unaltered rock by differences in texture and color. The d h r d  rock 
is iron stained on weathered surfnces, and has a greasy appearance on 
unweathered surfaces. The altered diorite and the dike contain gold 
and also well-formed cubes of pyrite. 

The h o w n  ore reserves at the Apex mine are not large, At the 
EZ Nido mine there remains much umined quartz, but it9 tenor is 
not known. The wriBr has found f me gold in some of this quartz, 
and in plmw it appears to be present in mnomicaTEy signifiwnt con- 
centrations. Exploratory work at the El Nido mine, to the south- 
west along the El Nido fault and below the lower level, mms justified. 

The fault zone that lies in the bottom of a boulder-filled gully 
between the Apex and ET Nido veins may contain a gold-bearing 
quartz vein. The rock on both sidos of the gully is highly Jtered, 
like the rook along the Apex and El Nido veins. Several large pi- 
of quartz vein materid, as much as 3 feet long and 2 feet thick, wem 
found in the boulder bed of the stream below the gully; they very 
likeIy came from a conceded vein in the fault zone. These pi- 
of quartz wntain abundant sulfides, but no free gold was observed. 
The most favorable area for exploration for this possible vein appears 
to b in the area along the fault at, or just below, the mouth of the 
golly. 

m L D w T x  PROPERTY 

The Goldwin property consists of 13 claim on the south side of 
Lisianski Inlet 1% miles south of Miner Island. The claims extend 
sonthenstward fmm sea level on Lisinnski Inlet to the top of the ridge 
at tian altitude of abut  2,000 feet (fig. 41). The claims were first 
staked in 1320 by Sckotter, Dodge, and norland as the Paramount 
p u p .  From 1920 h 1947 a number of persons held partnerships in 
the cIaims, but the exact history of ownership is not h e w n  to the 
mrihr. In 1947 the claims were held by sn association formed origi- 
nally in 1938 by Augt~st Chopp, Joe Repik, X. A, Itonning, A. S. 
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Thompson, and Frank Schotter. In 1938 the property was named the 
Goldwin property by that association. A. F. Buddingtan (1923, p. 
123-1241 visited the prospect in 1923 and wrote. a short description 
of it; in 1939, J. C, Reed (1041, p. 145) visited the property, and in- 
cludsd a description in his report. 

I I L - I U A I I  "I.* 
t3lCLll*lltlOY 1m.3 

L Hs h relrl -k 0. L Romnn 

heaam 41.-Map rhowing pmpctm and velelas at the &Idwin property, Cblchagaf Iatand. 
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The GoIdwh p n p  of claims contains several plbbming veins 
which lie along minor faults in the m e  diarits batholith that con- 
tains the Apex and El Nido veins. The lowest vein on the Goldwin 
propem is at an altitude of 200 feet md lies about 750 feet from 
tidewater. The vein strikes N. 5O-25O E. and dips M0 NW. ; it has 
a maximum thickness of about 2 feet but pinches out entirely st a 
few places; it is about 400 feet long, md its averap width is about 
14 inches. Am adit has been driven southward along the vein for 
about 800 feet; north of the adit gorid, it has been exposad in a *riles 
of pits and trenches for about 200 fwt. The qnartz is milky white 
but includa altered green diorite fragments which consist principally 
of chlorib. Pyrite and chalmpyrite are sparsely distributed through 
the quartz and are m o ~ t  concentrated near the included masses of 
altered diorite. 

A s w n d  vein, which lies in a small fault that s t r i k ~  X &OO E. 
and dips 85" SE., erop out along the west side of a deep gulch &out 
4,000 feet southweat of the adit (fxg. 4.242). A tmil connecta the pros- 
pect with the b e d  The vein tends to be lenticular; in places it 
is more than 2 feet thick but at othsr p l m  along the fault i t  is 
miming. The quartz resembles that in the vein at the lower prospect 
described above; it also i~ milky white and contains green fragments 
of aItarecE diorite. In I938 and 1939 most of the rich gold-bearing 
quartz was mined from the surface, so the parts of the vein now 
visible are either n a m w  or of low grade. In general, the vein con- 
hias pyrite which is usually associated with high concentrations of 
gold. For example, a lenticular-shaped mass of pyrite-beyearing quartz 
(Im. l, fig. 42) was uncovered by the writer a b u t  100 feet southwest 
of the last outcmp of the higher vein. A representative gample taken 
acms the ipyribbring pert nsayed 69 ounce of gold and 5,3 ounces 
of silver to the hn. The exposed part is only 6 inchea wide and 30 
inches long. A channel sample taken across the vein, beyond the 
pyrite pocket, assayed 0.11 ounce, of gold and 0.89 ounce of silver 
'totheton (k.42). 

The gold in this higher vein was intmduced toward the end of 
the period of pyrita mineralization. Alterstion of the w d l  rock 
along this fault zone is not wi ly  detected but probably &ends 4 
to 8 feet on esch side. The sited zone cuntains some gold, but 
the gold is not &ly detected nor is its concentration predictable. 
A Cfmt chip sample taken at a dislmca of 4 feet from the fault, 
of material showing little alteration, contained 0.24 ounce of gold 
and 0.06 omce of silver b the ton (fig. 42). On the other hmd, two 
chip samples of altered rock, taken adjacent to the vein across widths 
of 10 and 13 inches on the northeast and southwest sides, mspwtivsly, 
assayed only a tnace of silver and 0.05 ounm of gold p r  ton. 



FlOOllg  42.4eoIot3lc map of the main upper pro~ect ,  Goldwh property. 
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The fi~ult  that contains Wis vein is covered for most of its length, 
but it can be traced several thousand feet southwestward by its topo- 
gzaphic expression. Stripping or drifbing on the fadt will probably 
disclose additional bodies of quartz. On the northeast projection 
of this fault another vein crops out on the opposite side of the gully 
mentioned above (fig. 41). This vein, which is reported to contain 
free gold, is h m n  locally as the chimney vein because it crops out 
along the side of a steep gorge known locally as the chimney. No 
gold was found by the writer either on the outcrop or in the float 
below the vein, although a careful search was made. The vein is on 
such a stmy slope, however, that it could be examined in only a 
few plaoss. 

Another vein, known locally as the blanket vein, crops out on the 
east wall of the gully at an altitude of shut 1,MO feat and is almost 
inmxmsible. The writer discovered that, the vein could be reached 
by climbing down from the top of the mountain to the l e d  of the 
vein at a point about 1,000 feet southwest of the exposure. From this 
point the vein can be m h e d  by tramming along the mountrtinside, 
T h e  upper part of the vein ptrikes north and dips 30Q W. A few 
feet westward, at the edge of the cliff, the dip steepens to 7OW. The 
quartz is white and does not contain much altered diorite. The mar- 
gbs of the vein slhow slickensides, but there ia little gouge, and the 
quartz is only slightly &-red. The win has an average thickness of 
5 inches and a maximum thickness of 8 inches. In the hand specimen 
the wall rock appears unaltered. The quartz contins gold and 
many rich specimens have been taken from the talus at the foot of the 
cliff .below the vein. 

XOBY PROSPECT 

The Koby prospect, examined in 1939 by Reed and Coats (1941, 
p. 1411, w m  formerly h o r n  the Koby and Shepard prospwt. It 
is 1.6 mileg southeast of the head of Lisianski ZaIst. A mad, now 
irnpassabIe except by fa* connects the prospect to the Inlet; it is 
an the east side of a small creak, at less than 100 feet altitud~ The 
workings consist of several ~urface pits and trenches and an under- 
ground adit and crosscut totaling about 280 feet in length (pl. 15). 
The gold-bearing rn~tarial consists of lenticular bodies of quartz 

mc1& in a fault zone, Adjacent rock is a chlorite-quartz schist 
that strongly reseanbles the upper part of the greenstone unit and 
the lower part of the schist unit. A fmlt zone on which the veins 
lia strikes about N. No--aOO W. and dips from 80° E. to vertical. 
Individual quartz bodies are as much as 'I feet thick. Stripping mcl 
trenching shows that the quartz errtends along the fault for 300 
feet or mom, but that it is not o~ergwhere plmnt, even within this 



short distance. The main adit is 40 feet b l o w  the mnin mineralized 
zone and WM driven nohheast for about 240 feet from a point near 
the stream. It failed to intsmt any large bodies of qunrtz A cross- 
cut 115 feat fmrn the portal was driven northwest along a minor 
fault m e .  !I%e face of the crosscut exposes several quartz lensas. 

Most of the quartz is milky white and is cut by short irregular 
fractures containing talc and calcite. Some masses of chlorite schist 
altered to imgularly ~hrtped magses of chlorite are included in the 
quartz. The quartz wntains about 1 percent sulfides, including 
arsenopyri* pyrite, sphalerjh, and galena. Free gold is reported 
by the owners, but none was found by the writer. The material in 
the shear zone and in the adjacent qunrtz schist shows no discernible 
alteration in the hand specimen, and a11 the known gold is fomd in 
the quartz. 

If further exploratim is done on this prospect, the amount nnd 
grade of the quartz exposed at the rock surface should he ascertained 
before further underground work is undertaken. As the rmks have 
h e n  glaciated recently ~ n d  are only sLightIy weatI~ered, the character 
nnd grade of the quartz a t  the surface should be almost the same ns 
that rc short distnnce below the surface. 

COBOL MINE 

A small amount of gold has been mined from a fissure-type quartz 
vein at the Cob1 mine. In 1946 the property consisted of nine un- 
patented claims on the west side of Mine Mountain, about 4 miles 
north of the head of Goulding Harbor. The mine is nt an alti- 
tude of abut 750 feet. A lightrrail trammay allich once connected 
the mine to Goulding Harbor was unusabls rtt the time of this study. 

The Cobol mine vein mas discovered in 1921 by F m k  and Ed Cox, 
Ollie Loberg, and George Bolyan. In 1922 and 1953 the property 
was leased to the Pints Bay Mining Ca., which built the mil t m w a y .  
The claims reverted to the diwoverers, who in 1933 mined and milled 
about 135 tons of ore. Acccording to Mr. Bolyan, $3,500 worth of 
gold mas recovered. 

The underground workings were mapped in 1939 by Reed and 
Coats, and a sketch map and description of the mine have been pub- 
lished ( 1941, p. 142-143). The mine Pies on a contact &,ween quartz 
diorjte and greenstone. The mine rtdit intern the vein abut  75 
feet from the portal and follows it for about 80 fwt northeast nntil 
it pinches out. The vein apparently formed in contact with the 
diorite and is narrow or missing where the fault is in p a s t o n e .  



A small di&h stock crops out on top of Mine Mountain. The 
rock, as seen under the microsma, is quite different from that in 
other diorits Mies on Chichagof Island. Gold-haring quartz veins 
crop out in the western half of the stock. Most veins are near 
diorite or quartz diorite contacts. None of the veins known tb the 
writar that trend from the diorita or quartz diorite into p n s t o n e  
extend mom than a few fwt inb t.he greenstone. At most place3 
the rmk ad jaoent to the veins is hydrothermall y ahred for distancm 
ranging from 1 to 5 feet f mm the conht. In  general, alteration of 
the wall rock dong veins or f r a c t m  is a favorable indicator of gold. 
In ontcrop the altered rock is tan, p y ,  or light brown. Ordinarily 
the original texture of the rwk is destroped, the rock assuming s 
massive appearance. 

AREAS RXOARDED AB FAVORABLE FOR PROBPEC'MNO 

During the course of the geologic napping of northwarn Chi- 
chagtgof Island, the writer made Rn effort to nscertnin those factors 
influencing the deposition of val~lable minerals and to outIine nreas 
likely to contain mineral deposits (pl. 16). A distinction is made be- 
tween areas favorable and a m s  highly favorable for prospecLing. 
The areas regarded ES f favorable are delineated on plata IS but are not 
discussed other than in them introductory paragraphs. Areas classed 
as highly favorable for prospecting include only those that contain 
gold-bearing quartz veins in some dwee  of abundance, and which are 
blieved to have undiscovered gold-bearing veins. 

AIZ amas, whether favorable or highly favorable for prospecting, 
were selected through evaluation of the number and type of quartz 
veins present and of geuI.ogic conditions believed to influence the depo- 
sition of the gold-bearing quartz veina. For example, some of the 
igneous rocks, such as the quartz diorite, and some of the diorite may 
have controlled ore deposition; this fact was takan into account in 
compiling the map. In indicating arms favorable for prospecting for 
minerals such as copper, nickel, and iron, greater reliance can be placed 
upon geologic environment that can be done in the case of gold. 

The only area thought worthwhile far prospecting for copper is in 
the greenstone md schist units northwwt of GouIding Harbor. Thia 
area, contains one copper deposit and many ~xriall prospecb. Mape-  
tite occurs at many plam where Iimastone and gmsnstone Rave been 
highly metamorphosed by the intrusion of quartz djorite (pl. 16). 

A nickel depesit otxm st M i m r  Harbor, and mafia rock that might 
hgically be associated with nickel deposits makes up the stock at h t  
Cove. Bnt many prospxtom, as well .ss the writer and mveral other 
gmlogista, have thoroughly exsmined these rocks and Mieve that 
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there is little chance that the stmh at either M i m r  Harbor or 
Corn conkin other a d  J dimverable nickel-bearing deposits. Most 
of Yakobi IsIand was examined by the writer only in a cursory way, 
and be feels unqnaliEed to give an analysis of its prospecting possi- 
bilities. However, parts of the easkrn and southern shores do contain 
quartz veins, some of which am goldbearing, and the area centering 
around Bohemia Basin contains nickel deposits. For t h m  seasons 
the writer hw indicated on plate 16 that these pa& of Yakobi Island 
are favod le  for prospecting. The rest of the island remains un- 
assemid and is so indicated on plate 16. Other a m s  left blank on 
figure 9 are b e l i e d  ta contain no important am deposits. 

AREA1 

The northwest end of A1 thorp Peninsula probably warrants careful 
proqxcting. The most favorable pa& are ~ h o w n  on figure 9. In 
this area many quartz veins havs h n  obmrved, but undoubtedIy 
the number is only a small fraction of those existing in the aren. 
Most of the veins that were o h w e d  are 1 ~ 8 ~  than a foot thick and 
are lenticular or only a few tens of feet long. Many fill joints j nshad 
of faults. Some prmpwting has been done. The largest prospect 
is owned by M. J. Marvitz and was examined by J. C. b e d  in 1936 
(1988, p. 'IG76). A vein, reporhd to contain free gold and to crop 
out on level ground at a low dtitnde about a quarkr of a mile east 
of Column Point, was not found by the writer, although it wm care- 
M y  =arched for. 

The beach gravel at the mouth of a &rerun that flows into C m  
Sound about 1 mile east of CoIumn Point contains a small amount 
of placer gold. Thevein from which thegoldisderived jspmbably 
on the northemst fm of the cliff west of the stream. The vein must 
crop out at an altitnde of about 800 to 1,000 feet. Other veins m u r  
in the area, but only those mentioned abow am hown to tho wrihr 
to conbin gold. The veins st the Marvita prospect am misted 
with dikes, which g e n e d y  are favorable indicators of gold. At na 
place was altered wall m k  observed adjacent to veins, but any vein 
or fault that is associated with wall-mk alteration should be cam- 
Mly examined. 

- 1  

Another highly favorable area for prospecting exhnds dong the 
south side of Lisimski Inlet from a point half a mile southeast of 
Csnn Creek to Lisisnski Strait. The only type of vein in the area 
th& is known ta be gold baring is chamcbristically less than 2 
feet wide and no more than a few hundred<feet long. Ths veinawe 
along weak faults which generally show Ii ttle topographic exprss- 



ion. The strike of the faults; and hence of the veins, is generally 
north&; the dipa are p e r a l l y  steep. Faults that vary in dip are 
more likely to cuntain valuable deposits of gold-bewing quartz than 
faults of constant dip. The quartz commonly contains inclusions of 
altered diorite. Locally the veins contain calcite which readily dis- 
solm when exposed h weathering and leaves tubular-shaped cavities 
in the quartz. The vein quartz; is commonly milky white or trans- 
lucent, md it is pnerally b a d n ,  Although most veins when - 
in outcrop appear to be of little value, some contain large mounts of 
gold concentrated in small lenticular pockets or srnall ore shoo&. 
Chalcopyrite and pyrite in the vein almost invariably indicate gold. 
However, some veins contain gold unaccompanied by sulfides, and 
in the field these are dificult to distinguish from barren veins unless 
the gold c m  h seen in the hand specimen. 

One mineralized fault zone was found along the contact between 
the diorite and quartz diorita that m u r  along the south shore of 
Lisianski InleL A sample from this zone near Cann Creek contained 
traces of gold. A srnall vein estimated to contain as much as 1 ounce 
of gold to the ton was dimvered at an altitude of about 7 0  feet 
&out 1 mile due west of the mouth of Cmn Creek. The vein is 
6 to 12 inches wide and craps out intermittently for 35 feet. It 
strikes north and dips 80" W. Probably the vein b too small to be 
of commercial value, but other veins h . 4  are large enough to mine 
may be nearby. 

Prospectors shotlld keep the following points in mind when work- 
ing in ares 2 : (1) The veina are sparsely distributed and are thin 
and lentictdar. (2) They are deceptive in appemance. The veins 
resemble thme described by most prospectors as "bull quartz'', or 
quartz that is "watery." (9) Veins are in minor .faults that have 
1 ittla topographic exprkion abd me difficult or impossible to detect 
if covered by even a thin mantle of overburden. (4) The sulfides 
chdcopyrite and pyrite are almost carhain indicators of gold, but 
high concentrations of gold have' been found in quartz unaccompanied 
by sulfides, ( 5 )  Alteration of *all rock along the margins of veins 
or faults is a favorable indicato~ of gold, but the type of alteration 
of the wall rock in this area is inconspicuo~s in the outcrop. (6) At 
most places gold concentration' in the altered rock near the vein3 is 
too slight fm profitable extraction, but the possibility should not be 
overlmked that in some pltacss ths altered rock may contain innom- 
ically important mounts of gold. 

' h s  
. ~ 

A m  8 is a, northwestward-trengling zone that extends from,& point 
abut 1 mila south of Apex Mountain, across the lrpper half of Stag 
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Bsy, to the drainage basin of the west branch of Stag River (pl. 16). 
Much of the m a  hm not been adequately prospected, but several 
veins containing free gold have been located by prospectors along 
the shorn of Stag Bay. Near the end of the ridge that makes up 
the southeast shoulder of Cub Mountain, the writer found several 
quartz veins that may not have been previously discovered. Ore con- 
taining visible gold crops out on munded glaciated surf- and 
sham no evidence of having been sampled before; it is on the crsst 
of a ridge about half a mile south of the largest of the lakes which 
lie about I rnib due south of the head of Stag Ray (fig. 3 ) .  Assays 
of samples believed to be representative indicate that the vein may 
contain abut  1 ounm of gold to the ton. The vein is 1 foot thick, 
and can be traced in isolnted outcrops for about 50 feet. The area 
dong the projected trm is covered and the vein may extend beyond 
its known outcrop length. 
The veins in area 8 Ilava il pronounced resemblance in size, struc- 

ture, a d  texture to those in area 2, and the samno p i d ~  for prqect-  
ing am applicable. 

AREA 4 

Area 4 e h n d s  eastward from Lake Elfendah1 and includes all of 
Mine Mountain. Quartz veins are scattered throughout the area; 
many are known to contain gold. The vein at the Cobol mine is 
typical of the veins in amn 4. A small vein m s  found along a persist- 
ont fault abut  1 mile S. 20" E of the head of M e  Elfendahl. 
The quartz is typical fissure-type quartz and contains considerable 
arnoants of pyrih chalcopyrite, sphalerih, and plena. An assay has 
not been made, but the material in the vein probably contains some 
goId inasmuc11 as the presence of galena and sphalerite in this area 
is u m d y  an excellent indicator of gold. Similar veins are known 
in other parts of area 4, particuIarIy near the small diorite body that 
crops out in the top of Mine Mountain. Gold-bertring quartz float 
a h  was found in the headwahm of the east fork of Shg River. In 
the headwaters area of Saltry River, a mineralized zone was found 
which contains 0.01 ounce of gold to the ton. Of t.lm 5 amas mapped, 
area 4 is probably the most favorabIe for gold prospecting. 

AREA I 

For many years rr minerttlized zone has h n  recognized in the are8 
north of Goulding Harbor (pl. 16). The zone lies within rocks of 
the greenstone and schist units. Copper, in €he form af chalcopyrite, 
is the principal mineral and is disseminated in the greenatone. Many 
dikes cut the rock, and although t h  copper may be. derived from this 
greenstone, the dikes appear to have played some part in ib c4ncen- 



tration. The m a  has been intensively prospscted but no ope has 
been m i n d  Two prospects, the New Chichagof Miming Syndicate 
and the Qolden Hand, are located near the east side of area 5. T h e  
propertias wera denbed by Ild md Coats (1941, p. 137). The 
prospects are in gold-bearing mineralized arers~l that probably are 
associated with a small diorih stock Tha veins and mineralid 
mnes, however, are in contact with limestone, and this type of ttsso- 
ciation of gold and limestone has not h recognized elsewhere in the 
mapped area. Probably no large deposits other than t h m  already 
discovered are exposed in the area. 
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