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GEOLOGY AND ORE DEPOSITS OF 
TFIE CHICHAGOF MINTNG DISTRICT, ALASKA 

ABSTRACT 

The Chichagof mlnlng dlstrlct lies on the west slde of Chlcbngof Iland, 
o w  of tbe Iarger Islands of the Alexander Archipelago of sonlthea8tern Ala~ka ,  
abut M3 mllm northweat of Hltka. From Its dimrerg in 1905 through 1038 the 
district produced aboat $16,2FO,000 worth of gold and about $170,000 worth of 
silver, practically all of whlcll cutne fmm twn minw, the Chicltagnff nnd the 
RImt-Chichagof. 

Much of Chichagof X~land, includhg parts of the Chichagof mining dlatrlct, 
is made up of gmnitlc rocks In massea that ore beliered to be p r t s  of the 
very ertendve Comt Range bthollth. which, in mmc places at l en~t ,  wnn 
intruded probably late In Jumlislc or carly in Cretaceons time. Other bedrocks 
of the diatrict include slightly to In~cns@ly metamorphosed sedimentary, Jntn~~ive ,  
and extnisire rocks, some of which are probably of Trinssic and othcrs prob- 
ably of Lower Cretaceous aEe. The oldat  rocks of the district may bc Paleowlc. 

Except the anfficiol deposits. nrhlsh Include glnclal moraine. volcanic a~h, nnd 
allurinm, the beddpd tacks are ~ r o u p d  illto flre nnita or fnrnlatfons-green&me- 
mhlst: greemtone, llmestone. nnd ~clltst of pruhnble Triassic age; and Luwer 
Crctnceous I ? )  graymcke. Ench of the formntions mntalna rocks other than 
the dlagnostlc m k  that characterizca it. 

The intrualve rocks embrace throe dfstinct grougHlorlte, albite granite and 
gmnodiorlte, end dike rocks. Each nf thc grouprr la made up of sereral rock 
it- The r w k s  of the diorfte group were intruded &rW and the d&ea probably 
Inst, although the age relations between the ~ l b l t e  grnnfte and gmnwliorite and 
the dlkcs are not clenr. 811 the Intmsfve rmka may be wlated ta the Coast 
Range bnthollth. 

The Chlcliagof di~trict lies on the western limb of the ChIchagof4hcier Bay 
anttcllnorlum, one of the major antlcItnorla of mutbeastclra Alaarkn, m e  general 
trend of the rocka i~ weaE of north. nnd the gencrnl dip is s t e p  tn t h ~  Routhwest. 
Incally the mrka dip streply northeast. The ayerage trend in the dt~trict Is 
N. 50' W. With lmrl excpptlons the bedding and the lolintion of the rock nre 
parallel. 
Many iaulta cut the rmks of the district Practlcallg. all the ore so far mined 

has come from quartz bodtes that occnpi~a one or the other of two of the moat 
prominent fanTt m e 8  of the dhtrlct, the HLrst fault and the Chichagof fault. In 
gweral the halts trend about paraIlel to the racks, but l o c ~ l l y  the faults and tho 
bedding diverge conddernbly. In t h e  vicinity of Doolth Mnuotnin, for example, 
the bedding in general strikca about N. 62" W. and d i p  67' SW., W ~ P ~ W R  the 

3 0 
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strlke of the airst and Chichagof faults them approaches N. 34" W*, and the 
alp 75' 8W. Such deviations from parallelism may have beea an important 
factor In the fomaHon d the ore bodies. 

Gharacteriatic featam of the fault zones are the splfta or branches that diverge 
from main faulta to enter either the hanging wail or the iootwaIl. The splltg range 
from tfny cracks that genetrate the wall rocks for only a few fnchm to strong 
fan1B that rival the maln fault zones. Two oi nglft~ are recognized--a 
more common type whme members diverge from the maln faalt~ parallel to the 
bedding and foliation surfaces, and a less common type whose members diverge 
from the main faults acrm or against the beddhg and foliation surfaces. Many 
nplit faulta connect main faults. 
T h e  mob recent movemenh on the faults a g p x ~  to have been mthwestward 

hnd downwan3 at an angle of about 30' for the northeast or footwall Bides, I?&- 
tive to the tsouth- srdes. For the most part the rnwementer on the faults 
folIowed the intrusion of the d i m ,  but at some places dikes ham t e n  Lntmdd 
into preexfsHng fault mnes. 

Within the district all the ore 80 fay mined has come from fault nones in the 
Lower Crehceous [?) graywacke. Other faults In the graywacke and in the 
clder formations mrry be worthy of further prospecting. 
The ore deposits are quartz bodies in the fanlt zones. Many of them have been 

formed at places along the faults where large splits diverge from mjn  BuIts 
.md in or adjacent to distinct warps in the faults. The quara bodies are steeply 
inclined and tabnlar in form. Commonly the thickness fs only rt few feet, tbe 
horizontal length a few hundred feet, and the pitch length from many hundred 
l o  s few thousand feet. Mnng shoots pitch steeply mntheahttward in the wuth- 
westward-dipphg f'auIt mnes. 

Moat of tbe vein quarts i s  "ribban qnartz," but some is ma&ve. Much of the 
qaart~ has been crushed by fault morementa that followed the quartz deposition, 
but these later mmovemente are believed to haw been of minor magnitude. The 
metallic minerah, which include m t e ,  nrsenopyrlte, galena, whalerite, chalm- 
pyrite, and $old, eommonIy form less than 3 percent of the ore. Of the metdllc 
minerah, pyrite is by far the most abundant and amnopssite ls next. The 
record d ofroduction for the di~trict indicates t h t  the ore so far dried b s  
contained an the average a Iittle more than an onnce of goId to the ton. 

Tbe Hlrst and Chichagof fault1 map contain other ore bodies not yet found. 
and similar faults in the dfatrlct may be ore-bearing. k a s e  of the sporrrdic 
distribution of the ore bodies in the fanIt zones much af the future prospecting 
will probably be Bone by reIatlveIy expensive nnderp;round methoda 
In this report the C$lcagofP and Rirst-Chicbagof mfneM are de~cr- In detaiL 

About 3.5 p r o w s  and one mal l  mine within the distrlct are described more 
briefly. In addition the report Include# short descriptions of three mines-the 
Apex, tbe El Nido. and tbat of Cox. Bolyan & Loberg; and four other prospects 
an Chicngof Island, one west and the others either north or south of the dlgtrict 
ns mapped. 

INTROaUCTION 

For nearly three decades the Chichagof mining district has been an 
important contributor to Z.he gold produced in southeastern Alaska. 
Until 1938 no detailed investigations of the gold ore deposits were m d e  
by the Geological Survey. In the spring of I938 it wna decided that 
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the funds avahble to the Survey for use in southeastern Alaska should 
be smployed in the study of the ore deposits of this productive district, 
A factor in this decision was the hope that a bettar understanding of 
the deposits in the vicinity of Chichagof would be of help in prospect- 

1 
ing and gealogic in&stiptions En other parts of the little-known and 

.nl long h,lt of country, presumnbly similar g e o ~ o ~ ~ l l y ,  that stretches 
along the west masts of Baranof and Chichagof Islands at least as far 
north as Lisimki Strait. 

& In 19M most of the work was focus4 difwtly on the ore deposits, * and a large part of the season was spent underground. In the field 
Mason of 1939 the study of the district was continued. That -son 
waa spent largdy on the surfurn and the work included the study and 
mapping of the m k s  of the district md a relatively detailed study of 
its structuraI feat- except those features that are exposed under- 
ground and had been observed the previous season. 

In addition to the areal and structuml geoIogic studies that were 
the principal objectives in the season of 1939, the mines and some of 
the p r o p t s  in the district were again visited in order to keep the 
Survey's information on mining deveIopments as nearly current as pos- 
sible and to observe and m r d  geologic features e ~ d  by mining 
and prospecting since the visits in 1938. Opportunity was afforded 
also to visit several mines and prospects close to the district, but outside 
its limits. The infomation on mining and om deposits gained by the 
examination of the mines and prosptxts in 1839 both within and without 
the district is inclnded in this report. 

PREVIOUS ~ C ) d I m O ~  

5 
: Several members of the Gsologial Survey have made examinations 
L in the district in the 1 s t  30 pars. Prior to the investigations whom 
I- results are recorded in this report, tho obwrvetions of these men, 
4 together with those of the operators in the district, constituted the 

mnin geologic information on the district. 
In ID05 C. W. Wright mad0 observations in the district during a 

mnnaissanos investigation of Chichagof Island; in 1910 Adolph 
Knopf spent 3 weeks in dune in the vicinity of Klag Bay; in the fall 
of 1917 R. M. Overbeck was engaffed for about 2 months in the study 
and mapping of the geologic features of the west amst of Chichapf 
Island, including the Chichagof mining dist.rict. In August 1823 
A. F. Buddington studied briefly the Hirst-Chichagof mine, an im- 
portant producer of the district, but his published report does not 
mention the other important mine, the Chichagoff. A briefly anno- 
tated bibliography of them earlier reports is given below. 
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The following list includes the principal references to the ge~logy  
of the west coast of Chichagof Island and ths Chichagof mining 
district : 

Wrlght, C. W., h d e  -lug Ln aontheaetern Blaska: U. S. Geol. Survey Bull. 
314, p p  W, 1907. The pagea cited contain a single paragraph on the general 
geolom ot the Sitka drstrrct and meral  paragraphs telling of the diacwery of 
the d e m l b  in the Chichagof minlng district and a description of the clalrna on 
Dooltb Mountain ~hortly after 'they were %take& 

Knopf, Adolph, The SItka mining district, Almka: U. Sm Qeol. Surrey Bull. 
504. 32 pp., 1912. The Brst 17 pages of Knopf'a sepert contnIn histortcal and 
gmgrnphlc data and a ahort dlscnssion of the general ge01ag-y of Chichagof and 
naranoi Ialnnda Pageb 18-20 concern mag Bay and viclulty (now called thc 
Chichamt mining dletslct) and, in addition to a brief snmmary of the geogaphg, 
11istor.v. nnd ucneral gmlw of the district, contain also petrogra~hlc mnterlnl 
and a dacription of the ore deposits and the minea. 

O v e r k k ,  R. M., Oeology and mtneral resources of the west m a s t  o t  Chichagof 
Inland: U. 8. Geol. Survey BulL 692, pp 91-136, 1919. Oaerlmk statw thnt the 
chief object of hia work -6 the inw&gatbn of dqmelts of the war mineraI8, 
copwr and nickel. Nevertheleq hia Hper mntains nbaut 5 p g ~ s  dmcriblng 
the feature8 of the Chichag& and the HirstChlchagof mines as well as shorter 
dcscrtptioaa of other p r o m t s  and claim. P a w  95-112 describe the general 
m l o a g  of the west coast nf the Island. 

Railmaan, H. N., Jr., M i n i n ~  nnd millEog rlch gold ore on Chlchamcol Island: 
E ~ E .  and Mln, Jour.-Presa, vol. 117, No. 22. pp* 876-879, May 81, lM4. Containa 
Rome hletorical, geographic, and mlogic dnta but is prlnclpnll$ about mtning and 
tuilllng pr~ctlces at  the ChIchaguff mhe. 

Buddlngton, k F., Mlneral investigations In wntheastwn Alaska: U. El. %l. 
Survey Rull. 173, pp. 124-125, 1025. The IIirst-Chichagof mine Is described as 
developed up to Augu~t 1823. 

Buddlngton, A. F., and Chapin, Theodore, Geology nnd mjneral depmlts of 
southeastern dlaakn : 0. 9. Geol. aurpey Bnll. Nh3, 394 ~ p . ,  I&?@, In this bulletin 
Is collected much of the geologic lnformatfon on sontbeastern Alaaka. Much oi 
It, whfle not qeciflcally about the Chlcha~of dlatrlct, Is et a genera1 character 
nnd is applicabIe to the district.  page^ 371-373 are headed the "C'hlchagot gold 
bit" and contain an abstract of the Bnowledm of the Chichagof dtstdct. 

Reed, J. C., Prelimlnav report on the ore depoalts of the Chlchngof mfnlng 
district, Alaska : Am. Inst. Mln. Met. 3h&. Twh. Pub. fM1, 20 PO. 1W. k p m  
Ijrnlnra~  report on We I n v e s ~ t i m  of whlch the petlent p n p r  In the final 
report. 

PRlBEWT' 3XTESTIGAmQarS 

The party was served throughout the season of 5938 by the Forest 
&mice launch Rmgep 6. A camp was established at the Hirst- 
Chichagof mine at Kimshan Core, in order to  provide living accom- 
modations for  those in excess of the capacity of the launch. Exclusive 
of the time required for one trip each to Sitka and Juneau the field 
work mupied the priod from May 19 to late Attest. 

During the season of 1938 the geologic party consisted of Walter 
Soott Ford, of Juneau, geologic assistant, and the senior miter. A 
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topographic base map for the work was made while the 
geologic party was making mine surveys underground, by J. Mark 
Holmes, Geological Survey topographer. Glenn A. mwards and 
Edward h l u n g  assisted Mr. Holmes. T h e  topographic map (PI. 1) , 

z 
which illustrates a land area of about 107 square miles, was published 

3 separately in 1989 as Alaska Map 52. The male is 1: 62,500 md the 
contour interval is 50 feet. 

The rest of the party in 1938 cansisted of Allen Sallee, wllu operated 
A 
--r -, the Rmgs~. 6; Ernest Kruse and Thomas Murphy, each of whom 
." served as cook for part of tlie seasan. 

Transportation to and within the district jn 1889 was effected by 
means of the Motorship Highwmy, which was chartered for the sewn 
from the Public Roads Administration of the Federal Worh Agency. 
During most of t h  season the entire party lived on the boat and the 
field work was done mainly by daily foot traverses from the boat. 
Shore-line work was accomplished by using a small boat powered with 
an outboard motor. Parts of the district more remote from salt water 
were studied from "spike" camps that were p l a d  by backpadring 
from the Highway. One side camp was tmmportecl to w part of the 
district difficult t o  reach otherwise, by a seaplane, which landed W h  
men and equipment on n conveniently located lake. A plane KRS 

used several times in scouting areas ahead of the mapping. 
In 1939 the party assembled in Juneau early in Jnne and left there 

on the Highway June 13. Kimshm Core, in the mining district, was 
reached the next day. Field work continued in and near the districb 
until September 22. During the later part of this period the field work 
was directed toward extending the surveys so as to include a start on 

F the examination of the deposits of nickel, one of the strategic metals, 
which are h o r n  to lm distributed in fin extensive zone along the 
west coasts of Chichagof and Baranof Islands. 

5- The 'field party in 1958 consisted of the writers and Darwin L, 
Rossmsn, camp hand. The boat crew was made up> of Nels Rogne, 
captain; Swan Peterson, engineer ; and Gordon P e t e m ,  cook. Gerald 
hderson served as a rmrder for a, few days in August. 
T h e  authors ~ h r e  the responsibility for tbe earlier parts of the 

report, but the junior author made most of the thin-seetion studies 
that formed the bases for the petrologic descriptions and inferen-, 
The senior author is responsible for most of the section on om deposits. 

Trilens airplane photographs were available for the entire area of 
the district rts mapped and were of great vaIue in both the topographic 
and the geologic work. The average wale of the photographs k about 
1 : 20,000. They were useful in mapping certain geologic formations, 
particularly alluvium in the valleys and e persistent band of marble 
that crosses the district. They we133 also useful, especially when 
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viewed stemmopidIy, in stdying the country ahead of the mapping, 
to  ch- where bmverses (muld best be made and the best locations 
far camp sites. The photographs proved to be of p e a t  help in t , h ~  
study of the geomorphologic features of the district. Most use of 
them, however, was made in the study of the hundreds of frsults that 

1 
cut the rocks of the district. Many faults that ham so little sudtwe 4 
expression that they would not have been noticed from the p u n d  are 
plainly recognizable on the photographs. 

A C K N O ~ G I ~ Q  
4 
h 

The wri tern gratefully acknowledge the whole-hearkd cooperation 
of the operators of the district in the prosecution of the field work. 
Free access. w a  given not onIy to the mines but also b such records 
as maps, nobboob, cost sheets, wmapondencs, lrnd estimates. Par- 
ticular wknowledgment is due ta Paul M. Sommn, mansgm of the 
HirsbChichalpf Mining Co., for the items mentioned above and for 
furnishing to the Survey party every convenience of the mine camp. 
In 1938 James L. Fmbura and F. R. 'Hills, of the Chichagoff Mining 
Co., axtended every courtesy to the Surrey party, as did John D. Little- 
page at  the =me property in 1939. The help given. to the writars by 
geveral Fomd Service officials is Jso gratefully rachowledged. 

The belt of muntry along the west coasts, of Chichapf and Baranof 
Islands has long Zleen considered by Survey pologista who have visited 
it i s  especially f avomble for the finding of ore deposits. For example, 
Knopf says : "The indications aff ortled by present developmenw point F 
strongly to the conclusion that the entim strip of territory contiguous 
to the west asst of michagaf Island offers a more encouraging in- 
ducement to the search for new are bodies than any other part of the 
region?' Buddington and Chapin "i te this quotation and add : "This 4 
mndusion has been co~lfimed by later developments and still hoIds 
true.'' The writers subscribe in general to these datements but in the; 
light of the information furnishd by their study of the Chichrtgof 
district are of the opinion that search for ore bodiea in the be14 in 
order to have a fair chance of success, must be guided by carefill, com- 
petent, and detailed geologic work. 

It hns long been known that the ore bodies in the Chichagof district 
lie in or on fault zones. Perhaps the mo& noteworthy results of the 
investigations of 1938 and 1939 are the recognition of the hitherb un- 

lEnopf, Adolph, The ISltka mlnlng dhtdrt. h l a e h :  U, a. &d. f4urver Rull. MH, 
p. 82, 1812. 
1 Buddington, & F., and ClmpIn. Theodon, G e o l o ~  m d  mInern1 m h  of lmthrartcfl 

A h a k a  : G. 5, Qeol. Sarvey Bull. 800. p. 373,1829. 
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smpected extent of certain of the faults and the extreme complexity 
of the fault system, The mnclusion that unknown ore bodies lie in 
faults other than t h m  in which the b d e s  so far productive have been 
found and in unprospectecl parts of the f8uZts that have contained om 
bodies is entirely consistent with the gw1og-i~ evidence, and the miters 

i . Mieve thElt to be true. That such bodies, if  they exist, will be difticult 
to  find is aha dearly indicated, and few if any of them may crop out 
at  the earth's surface. The foult system extends b t h  northwestward 

.&5 and southeastward beyand the limits of the mapped m a .  Its limits 
are not h o w n ,  and the further study and tracing of it offers nn at- 
tractive geologic problem with a distinct economic slant. 

LOCATION AND GENERAL COBDLTIOW 

The Chichagof mining district liea om the oukr or wetern coast 
of Chichagof Idnnd, one of the larger islands of the Alexander Archi- 
pelago. (See fig. 1.) ' J le  district centers mund Doolth Mwntain, 
a prominent landmark 2,167 feet high, about 52 miles northwest of 
Sitka 

At each of the two principal mines of the district there are a post 
ofice, a &re, and a small mining community. Chichagof, at the 
Chichagofl mine, lies near the hend of Klag Bay, on Itha southeast 
side of Doolth Mountain (pl. 1). Kimshan Cave is the post office at 
the Hirst-Chichagof mine. The locntion is on a small bay off Ogdea 
Passap, at the northern foot of Doolth Mountain. 
In the summer of 1938 there were about 200 people at  Chichagof 

4 and perhaps 100 at  Kimshan Cove. Between the summers of 1938 
and 1939 the'population of Kimshan Cove increased slightly, whilo 
that at Chichagof decreased markedly. The d e m a ~  was due to tht! 

C. temporary -ation of underground mining in the Chichagoff mine 
and the start of a program, ir~volving fewer men, to rework the old 
mill tailings. Those at the mining centers, together with a few 
s c a t t e d  prospectors and transient fishermen, are the only residents 
of the west coast of the island. 

Both Chichagof and Kirnshan Cove are on landlocked wnter well 
protected from the open ocean. However, transportation by boat 
to either ,place, from such other places as Juneau or Sitka in~olves 
the t r v v e e  of at least 10 to 20 miles of reef-infested open watm. 
The district may be reached by boat by rounding either the south 
end of Chichsprf Island, thmugh Pe-iil Strait, or the north end, 
through Icy Strait and Crm,s Sound. If approached from the north 
the open-water distance can be greatly shortened by p i n g  through 
Lisianski Inlet and Strait instead of outside Yakobi Island. 
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A mail boat that carries passengers and freight touches once a 
week a t  each post office and returns to its home port at Juneau. Many 
&ops are made at intermediate p i n t s  each way. Combined pas- 
senger and freight steamers, sucl~ as those that cammonIy ply Alasknn 

F I G U I ~  1.-lndex map of soatbeastern Alaaka, showlna Iocatlon ot Cblchnmt rnlolag 
district. 

waters, do not take the n a m w ,  tortuo~ts channels ta reach either 
Kimshan Cove or CXchagof. Smaller boats take fmight in and 
concentmks out at various times tllroughout the yea, mostly in the 
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summer. At each settlement there is a mine-owned Diesel or gaso- 
line boat for emergency use and for local moving of msterids, 

The mines are now served throughout the year by one and occa- 
sionally more planes on n r ~ r l p  every day that the weather permits 

7 
flying. A radio station for weath~r reports and emergencg we is 

3 maintained at Kimshan Cove by an air-transportation wmpany. A 
c ~ m m e ~ ~ i a l  radio station is located on the lee side of one of the 
small b l~nds  on the w ~ s t  side of Ogden Passage opposite the entrance 

&- to Elbow Passap,, 'The operator commonly makes a trip by small 
- boat to either Kimshan Cove or Chichagof each day to deliver or 

w i v e  messages. There is telephone communication betmeen the 
two camps. 

%vel within the df strict goes almost entirely by w~ter ,  and short 
trips in such relatively protected ~ a t e r s  as PortlocIt Harbor, Ogde11 
Prtssage, and mag Bay are oornmonly made without difficulty in any 
axcept very f q g y  weather. Lake Anntr and Sister Lnlze can he en- 
tered in good-sized power boats at slack tides. These are tidal lakes, 
and the tide flows swiftly through the inlets except at high- and low-- 
water slack. 

The distance between Kirnshan Cove and Chichagof by water is 
about 11 miles. A trail ahout 2% miles long cannects the two settle- 
ments by crossing the s d d l e  just east of Doolth Mountnin. Another 
trail follows the power line from Chich~gof to the power house on 
Sister Lake. Them are several other diart trails in the district, but 
the only other one of any considerable length branches from the 
Chichagof-Kimsl~an Cove trail near alichngof, lmds over the moun- 
tains past Black Lake a ~ l d  down to Black River, and thence up Black 

* 
N River and over the main divide of the island and down to salt water 

at tha head of Hoonah Sound. This trail ttnd a shelter cabin where 
the trail crosses Black River vere built by the Forest Senice. 

TOPOGRBPIm 

The district is one of considerable relief, and the land rises steeply 
in many plwes from the deeply indented shore of the island-studded 

to altitudes between 2,000 and 3,000 feet. (See pl. 1.) 
The smaller islands and parts of the main islnnd constitute a rela- 

tively grnooth, gently sloping plain. (See p1.2.) The pldn is covered 
with many law, rounded hilIs that ordinarily rise less than 100 feet 
above it, In the bl1ows between are myriads of lakes and ponds, 
some of them of considerable size, such as the lake about a mile south- 
east of Chichagof. 
]In the area shorn on plates 1 and 2. the plain first appears abov~ 

the sea in the group of small islands in the southwester~l part of the 
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area. It rises gradually eastward toward the center of the island and 
termhtea,  in many places, at an altitude of about 250 feet, against 
the steeper dopes that carry the land surfam to much greater altitudes. 

Overbeck has described this coastal plain end has pointed out that 
it exhnds from Cmss Sound on the north to Elm Head, just south of 
t.he area shorn on plate 1, on the south. He a1 so shows that ths plain i 
continues out under the sea for about 16 miles, h p n d  which the sea 
bottom descends steeply to o m i c  depths. 

hstmard from tho astern edge of the coastal plain most of the 4 
uplnnd aeas are discontinuous parts of a relatidy subdued snrf~ea 
of rounded mountains and flatter areas, This upland surf ace, as m n -  
structed from its remnants, sloped upward t o w ~ d  the east w north- 
east for about 3 to 6 rniIes, where large parts of it now Jie at altitude 
between 2,Q00 and 2,600 feet. Eastward from the vicinities of Mount 
Freeburn, Mirst Mountain, Whitestripe Mountain and the mountain 
2,768 feet high about 8% miles east of the h d  of Pinta Bay the 
surface was lower for several miles. 19 average altitude in that belt, 
as indicated by the few remnants, may have been about 1,500 feet or 
perhaps l e e  Still farther east, near the northeast comer of the 
mappd area, the surface w i n  reached to about 2,000 feet. (,Sea 
~1.2 . )  

At some places, as for oxample in the southern part of the Takema 
Peninml~, between SEocurn Arm and Ford h, the upland surface 
ia mpuated from the coastal plain by steep, locally precipitous slopes 
from a few hundred to mom than 1,500 feet high. At other places, 
mch as in the  are^ lying northeast of the heads of m a g  Bay and Lake 
Anna, the upland surface descends reluti~e'ly gradually to merge or 
nearly merge into the ~oastal plain. * 

E 

The upland mrfam, like the mastill plain, is dotted with ? a h  
and swamps. O n  it rounded ~ ~ r f n c e s  prevail and sharp breaks of 
slope or angular features are uncommon. + 

Above the upland surface just described are a few steep, jag&, 
frost-riven peak. (See pl. 2.) They are chmcterhed by diarp 
pinnacles and comblike ridges. These constitute the higher peaks 
of the mapped area and include the peak I w l l y  called Devils Peak, 
nbozzt a mile east of the south end of Rust Lake, 3,216 feet high; the 
three p d s  of Mount Fmburn, 3,003, 3,228, and 3,254 feet high, 
respectively; the peak 3,051 feet high nbout three-quarters of a mile 
northeast of Whitestripe Mountain; and Mount Lydonia, 8,252 feet 
high, together with two lower neighboring peaks, 

*Overbeck. B. M., Omlorn and rnlnernl rcrrouncsll of the m t  coast of Chichegot Island: 
IJ. S. Geol. &urrey gull+ 692, gp. 92-93, 1918. 



In the northeastern part of the district, in the area whero thc 
upland surface is relatively low and is now represented by but few 
remnants (see p. 101, is an extensive lowland. Through this intarior 
lowland passes the main divide of Chichagof Island. The reliof in 
this lowland area is mlatirely moderate. From it rise here and there 

.6 the hills whose upper slopes are part of the upland surfacc. Un- 
fortunately most of the int~rior lowland mas not mapped topographi- 
cally, but on plate 2 the 500-foot and 1,000-foot contours have been 

.b sketched and a fern aneroid altitudes are shown. The lowland is in 
most places leas than 1,000 feet above sea level and the main divide 
locally is below 700 feet. 

Areas of muskeg and lakes are common in the interior Iowland. 
From the lowland radiate several l a r g  valleys in pattern much 

like spokaa from the hub of a whwl, except that no valley runs north- 
eastward. Granite Creek runs southeastward to mch the North A m  
of Hoonah Sound. Another large stream a few m i l e  farther south 
heads in Ithe lawland and flows into the =me arm of Hoonah Sound. 
131~clr River flows southwestward to Black Bay oi7 Stimeyor Pame, 
and &on Dip River flow almost due west into Didrickson Bay. 
A large chain o f  lakes, locally called the Goulding Harbor La~lres, 
lead west and s little nodh from the lowland and drain through 
Gouldin~ River into Goulding Harlmr, an arm of Portlock Harbor. 
Another large valley heads in the lowland between araiite Creek and 
the highest of the GouIding Harbor Lakes and leads northwestwad 
to Ijsisnski Inlet not far f rom i ts head. The way in which them 
stwarns mdiats from the lowland is indicated on plate 2. 

* - Only two of the radinting vaIIeys are entirely within the mapped 
J area-those of Goon Dip and Black Rivers. These valleys are wide, 

U-shaped troughs and, where they tramect the higher country mutll- 
west of the interior lowland, are deep md very steepsided. 

I!! Valleys of other atreams and of tributaries of the two principal 
dreams, Goon Dip and Black Rivers, a m  etchd deeply into the rocks 
of the district and sepanate the remnants of the upland surface. 
The larger of these valleys are also U-shaped gIacia1 troughs. Many 
of the valleys, mch as that of Black River, are not U-shaped all the 
way to the sea but near their mouths flow in narrow V-shaped gorges. 

The heads of many of the streams, particularly those that flaw from 
the relatively high areas and espccinIly from the high areas in the 
vicinities of the sharp peaks ~bove the upland surface, are in glacial 
cirque+ and many of these cirques contain lakea. Well-formed cirques, 
however, sre not as Gommtln as might be expe,cted for  an a m  that hag 
b n  so recently and so intensely gl.lacia.tetl ~s the Chichagof district. 
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No systematic weather records have been kept in the district for 
periods of time long enough to be significant, but there is a long recard 
of observations at Qitks that goes back, in part, to 1842. The climate 
in the Chichagof district Is similar to that at Sitka, where the mean 
annual precipitntion approaches 86 inches, most of which falls as rnin d 
and hut little as snow. June is commonly the driest month, and Octo- 
ber. or some other month from September to  December the wettest. 
Seldom is there less than 1 inch of precipitation in any month. The 

.I 

mean annual temperature is about 44O. The coldest month is corn- 
monly Jnnuary, with n mean monthly temperature a little over 32'. 
The warmest month ordinarily js July or August, with the monthly 
mean not far from 35". 

Figure 2, on which are d ~ o w n  mean monthly temperature and pre- 
cipitation, has been prcpnmd from records published by the United 
States Weather B ~ r e a u . ~  They include the p r i d  from the beginning 
of the record through 1936. 
Navigation is commonlp open throughout the year, although occn- 

sionally the heads of small bnys freeze up sufficiently to make them 
hmporariIy unnavigable. A great hazard to navigation in small boats 
is the notoriousIy rough water of the open ocenn along the outer masts; 
of the Alexander Archipelago. Another hazn~d is the largo nurnkr 
of foggy days caused by the condensation of the moisture from the 
warm, humid air blown in f m  the Pacific against the mountainolia 
G5asts. 
Mr. Holmes, topographer of the Sumey p~rty in the district in 198R, 

~.eports that out of 101 drtys while he wns present in the field nady  e 
for work, 20 days mere either too rainy or too foggy for any kind of 
topographic field work, 65 days were partly cloudy and partly miny, 
and 16 days were dear. 

VECJETATIOIU 
I 

The small islands and the coastal-plain part of Chichagof Island 
mpport a spa= growth of trees, mostly pines, partiarlarly on the low 
ridgw, but the swampy areas &wen the ridges are lsrgeIy devoid 
of trees, although shrubs and other smaller plants ltre common. From 
the upper limits of the coRstal plain t;he slopes are d m 1 y  wooded to 
timber line, which, depending on Iocnl conditions, at  most places Iies 
between 1,500 and 2,000 f ~ e t -  n h v e  ~ s e r t  level. The trees are largely 
hemlock, spruce, and cdar,  In the timberd b l t  and to a lesser extent 
for some distance above it is found rr, den% in places almost impene- 
trable, growth of underbrush. Common shrubs and small t m e s  are 

8 Climntaloglcal data : aoh. 21 and 22, No. 18, U. 8. Dept Aw., Watbcr Bm.. l B 8 l  
and IBSS. 



devil's club, willow, alder, and such berry bushes as cranberry, currant, 
salmonhrry, and blueberrym This densely covemd belt is a serious 
ohhcle to foot travel and to prospwting and geologic mapping. This 
obstacle to geologic investigations is greatly offset by the almost per- 
fect ertposw along the indented shores and the good exposures above 
t imbr line, 

Little g o d  mine timber is available in the district. Much of that 
which formerly grew near enough to the mast to be felled into the 
water has already bee11 used by the mines or for piling, other dock 
timbers, buildings, or fish t r a p  In recent years both the Hirst- 
Chichagof and the Chichagoff mines ham used tirntwr rafted in from 
Baranof Island or other places. Many of the rnfts are towed mom 
than 50 miles, in part through the open ocean, and serious Iog I o s ~ s  
are not uncommon. The skip guides in the shaft at the Hi&-Chichagof 
mine are made of fir shipped from Seattle. 
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Brown bears abound on Chichagof Island and am common in the 
district. The Forest Service estimated @ in the summer of 1938 that 
there were 950 brown bears on Chichagof Island, or one to every 
2% square miles. These big beass, or at least certain ones, are reported + 

to be dangerous if disturbed, and it is not considered wfe by the l a d  F 
inhabitants to travel far over the island unless well armed. Deer me 
plentiful, as are certain other smaller land mammals, some of them 
f ur-bearing. 

4 
Tha w a t m  of the district, both salt and fresh, abound in fish. Sal- 

' mon, halibut, and trout are those most eagerly mught by commercial 
and sport mermen. Sea animals, such as whales, hair seals, and sea 
lions, are occasionally seen. The sea lions are said to be very common 
on same of the outer islanda, pmticuiarly the White Sisters, wlwe a 
group of a dozen or more were seen by the senior writer in 1939. 

GEOLOGY 

The oldest rocks of the Chichagof mining district constituh a 
thick ssquence of volcanic, intrusive, and sedimentary rocks that occupy 
much of the northeastern part of the mapped area. (See pl. 3.) The 
rocks of the sequence are all metamorphomd, but the degree of mettt- 
morphism is considerably different at different places. The degree of 
the metamorphism apparently reflects not only h suxeptibility to . -,< 
metamorphic pmossses of the rocks a t  a given lmality, but aLso tbe 
different intensities of the processes at different p l a m  

The mks as mapped include such diverse types as massive green- .p 

stone, amygdaloidal greenstone, greenstons schist, siliceous schist, 
schists characterized by such mineral.: as hornblende, actinolite, ailbite, 
biotite, and epidote, and bcdies, largely sills, of diabase and gabbro. 
Wxed rocks gradational between greenstone or other rocks of the 
wqusnce and the much younger intrusive diorite am common near the 
contacts. The= mixd rocks a p p r  to be largely the result of mechani- 
cal penetration of the older rocks by the diorite. Granitic dikes that 
me common in the lower part of the formrttion are mentioned in the 
section of this report on intrusive rwks (p. 37). 
The upper 1irn:t of the green~tone-schist is one of khe major faU1.t~ 

of the district. This fault follows a slightly meandering coum 
from the lake, 990 feet high, about, 2% miles east of the head of Pinta 

E ~ ~ a a k a  Sportaman, voL b, No. 1, p. 19, J ~ u u ~ ~ F  1939. 
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Bay, across the valleys of Goon Dip and Black Rivers to and beyond 
the hill 1,683 feet high  hut lV3 miles northeast of the north end 
of Rust Lake. The fault in general appears to be roughly pamuel 
to the bedding of the mks below, but i t  probably does not exactly 
parallel that bedding, and therefore slightly diffemnt horkons in a 

kv 
q the greenstone sequenm are probably e x p o d  at  different p l m  

along the fault. 
At its lower limit the formation abuts against intrusive diorite 

5 nnd gssociated rocks and the contact is very irregular. More and 
larger amas of the lower parts of the formation are exposed near 
and east of the head of Goon Dip River, between that locality and 
the long lake at the north edge of the mapped area that drains into 
Godding 'E-Iarbr, rtnd between the head of Goon Dip River and 
the head of Black River than in any other part of the district as 
mapped. 

Many bodies of mck belonging to the greenstone ~quence lie iso- 
lated in the dioritic rocks. Some of these xenoliths are large enough 
to show on the geologic map, but most of them am fa r  too smsll. 
The rocks of the greenstone formation nre therefore more widely 
distributed in the areas of p n i t i c  rocks than a stady of the map 
would indicata. T'he foliation of t l ~ e  rocks of the xenoliths appenrs 
to be essentialIy parallel to tho regional structural trends, thus indi- 
cating that the intrusion may have been of the permissive type with- 
out any c a t  moving of the xenolitl~s from their original positions, 
The greatest e x p o d  midth of the formation, r n e a s d  across 

the strike from the fnult thnt limits the formation on the sonthwest 
to the northeast side of the mast northe~skrly xenalith seen, is nearly 

3 5 miles. The total thickne~s nf the exposed part of the formation 
may approximate tho same figure. This estimate of thickness is 
based on eeveral difficultly defended assumptions. It must bs as- 

+ mmed that the spw occupied by diorite crossed by the line of mas- 
\ 

nmmmt was once occupied by pnrt of tile greenstone f o m t i o n .  The 
preceding paragraph fives fie basis for this a m p t i o n .  It must 
IM assumed that the dips are vertical, which is only appro&ately 
tme. It must be sssumed that there is neither drrplication nor cut- 
ting out of parts of the formatio~l by close folding or faulting, and 
this assumption appears fairly safe. Some faults cut the formation, 
but they are not as numerous as elsewhere in the district. Their 
effect on the apparent thickness of the formation is not hown. 

?;he greatest exposed midth, and by assumption the greatest thick- 
ms,  of the formation ns measured without including any rock 
mapped as diorite is a little more than 3 miles. 

The sequence is divisible into two distinct parts, but the contact 
between them was not mapped, largely because of complications 
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arising from the intmsion of tha dioritic rucks. The upper 1 to 1% 
miles of the formation is largely m a s h  peenstone wi& a m  
nmygdalojdal penstone and greenst w e  schist. 

Apparently the upper, massive part of the formation was relatively 
resistant to penetration by the dioritic magma. At most places tbe 
main southwestern contact of the diorite roughly coincides with the 9 P 

b m  of the upper pad of the greenstone-schist sequence. The uppa 
part of the forrnation is generally dark-colored. In many places a 
dark-green cast to the rocks is conspicuous. At several places, notably -% 
about half s mile east of the top of Hirst Mountain and about a mile 
east of Whitestrips Idnka, were wen zones in the greenstone in which 
m a l l  quartz lenses are liberally distributed. One such mne on Hint 
Mountain is about 50 feet wide and trends roughIy parallel to the p n -  
era1 structural tmnd for an unknown distance. Individud quartz 
lenses reach several feet in length and are a few inches wide. It is 
estimated that in this zone four or f i ~ e  Ienses comonly lie in a square 
10 feet on a side. Epidote and chlorite or serpentine are associated 
with the quartz. Pyrite and chalcopyrits were recognized in Borne of 
the lenses. 

The lower part of the formation is extensively penetrated by the 
cliorite, and in most places only fragments of it remain. It appears 
to consist principally of sills of disbaso and gabbm interlayered with 
metamorphosed dimentary. material. Some of the sills are at  least 
1,W feet thick, but very little is known nbout tbir detailed distribu- 
tion. The mlatatims indicate that the bodies of bash rock may have 
been intruded into the sediments of the lower part of the formation 
at about the same time that the thick lava flows were hing poured out 
to form the upper part of the formation or younger volulnic mb. f 

Study of many thin sections in the office after the compl~tim of the 
field work has shown that some bodies of gabbroic meks mere mapped 
as part of the p n s t o n e  formation md some as basic differentiates 4 

of the diorite, The penstone formation, for this reason as well as 
bemuse certain xe.nolith were too mal l  to map, is more widely dis- 
tributed than is indicated on the map. 

The sedimentnry rocks of the lower part of the formation are 
diagnostically light-colored and contrast sharply with the dark intru- 
sive sills and the 1kva flows rrbove. 

FETROLOQY 

Upper pwL-me lava flows of the upper part of the formation 
are commonly of basaltic texture. The typical rock is a mass of 
interlmkmg laths of plagioclase enclosing grains of augite. The 
vesicles of the amygdaloid~l flows are commonly Hied with quartz 
and chlorite. The augite in one specimen from Rust Mountain has 



been peripherally replaced by uralite (fibrous amphibole) and later 
by p n  cl~lorite. Tbe p l ~ o c l a s e  is now albite, which hhas been 
partly wplnced by epidote crystals. A dike of similar rock from 
the same mountain contains masses of green serpentine about 2 milli- 

Y meters across. The serpentine is probably pseudomorphous after 
I olivine. Both of the rock specimens described above were c o l l ~ t d  

within 200 feet of n contnct with diorite, md the a k n c e  of igneous 
metamorphism is noticeable. 

5 A schistose rock on Hirst Mountnin half a mile from the nearest 
exposed contact with diorite has been more thoroughly recrystall iwd. 
It now consists of numerous small lnths of albite with parallel orien- 
tation embedded in an almost opaque mat of tremolite, chlorite, and 
epidote, with a few large epidote grains. The rock is cut by vein- 
lets 0f quartz and chlorite and by veinleta of cloudy prehnite, The 
original rock wns probably a lava flow. 

h rock from the ridge extending northward from the mountain 
3,051 feet high, about three-quarters of a mile northenst of the top 
of Whitestripe Mountain nnd nbout 4,5W feet. from the 3,051-foot 
peak, is similar ta the one just described but is coarser-grained nnd 
shows traces of an original porphyritic texture. The nmphibole is 
bluish-green actinolite. Tile nenrest exposed diorite contact is about 
one-eighth of a mile away. 

Specimens taken from antcrops of nonschistose p n s t o n e  nt differ- 
ent places near mntacts with the diorit~ show evidence of originally 
hnving been arnygddoidal and porphyritic, The rocks are now horn- 
fels. The principal minerals, which make up the rocks in different 

C 
relative amounts, include bluish-green hornblende, albite, epidote, 

J nnd c'tinozoisite. Titnnite is a common accessory. Biotite was ob- 
w r d  in one specimen. Secondary minerals such ns chlorite and 
prehnite m ordinarily present, Pmhnite hns replaced the rock 

+ . minerals and also fills veinIets. 
L m e ~  part.-In the area unmapped topographically, in the north- 

enstern part of the district, principally north of latitude 57O4S'N. 
and eaat of longitude 136"1V., the volcanic and sedirnentnry mcks of 
the lower part of the formntion, which are interbedded with meta- 
gabbro silts, nre banded and have texturn thnt range from schistow 
to granuloae. The rocks progressively farther northeast are more 
coarsely crystalline and more schistow and contnin feldspars of mom 
calcic composition. One well-defined type js hornblende whist with 
considerable plngioclase. 

At one locality near the divide between the Black Bay and Gould- 
ing Hnrbr dminap basins hornblende-albite-chlorite schist crops 
out. Epidoto and rnngnetit,e &re accessories. The rock is cut by 
prehnite veinlet.9. A l ight-py,  fine-grained schistow rock was ob- 



served about a mile southeast of the head of the long lake near the 
nodern boundary of the district. Quartz, orthmlase, hornblende, 
andesine, and chlorite are the principal constituents. The relatively 
large proportions of quartz and orthoclase suggest that the rock wss 
originally a sediment, Frtrther northeast the schistose rocks are d 

x richer in hornblende, in mod pIaces amampmiad by andesine, artho- 
clase, and some biotite. Secondary prehnite is camon.  

A specimen of hornblende-plagiodme schist maa obtained from 
the isolated area of rock mapped as greenstone near the northeast -45 

corner of the district. Hornblende, in stubby green prisms, makes 
up about 'lo percent of the rock, labradorite abut  20 percent, quartz 
and ilmenite about E percent, and augite, titmite, ~ n d  apatita tha 
rat. That this rock has been metamorphosed relatively intensely 
ia suggwtd by the presence of augite and the mlcic charncter of the 
plagjoclase. The rock is probably a metabasalt. 
The composition of ce& of the rocks of the lower part of the 

sequenca clearly indicates their sedimentary origin. 
Xenoliths of calamus amdstone lie in diorita in the valley of 

the large fork of Black River about a milo north of the top of Rust 
Mountain. The rock is light brown and h e - p i n e d .  Quartz, albite, 
epidote, actinolite, and brown, pleochroic biotite are the principal 
constituent& Veinlets of orthodm and of calcite and orthmlase 
cut the sandstone. Thre is Littb evidence of metamorphism. 

Banded light-coloned rocks are unusually well exposed in a small 
creek valley about hnIf a mile enst of ths hilltop 1,785 feet high at 
latitude 5qa45' N. and longitude 136" W. Befom they were rneta- 
morphowd, they probably were sandy l i n e s b n s  and limy sand- 
stones. One h n d  is compased of small pains of diopside and albite. 9 
A little of the diopside has bann altered to tremo1it;e. Another 
thin band is rnede up of quartz, garnet, calcite, and clinozoisite; 
a third of quartz and albite with prisms of tmrnolite and ac~tttewd 3 - 
grains of titanita; and a fourth of albite, quartz, chlorite, tremolite, 
and epidote. All the bands contain small w i n s  of pyrite and are 
cut by veinlets of prehnite. 

A specimen of rnetagabbro obtained a short distance east of tha 
group of mall lakes at the head of the northernmost headwshr of 
Goon Dip River consists largely of large plates of green hornblende 
enclosing prisms of cloudy albite. Small hornblende needles also 
lie in large numbers in the albite. Concentrations and stringem of 
brown biotite are present, and magnetite and leucoxene m r  in large 
skeletal pseudomorphs after ilmenih. Apatite appears in stout 
prisms, some of which a m  broken. 

A little more thnn a mile east of the locality just mentiond a simi- 
br rock crops out. Here cloudy andesine is rimmed with clear albite. 
Swarms of small prisms of hornbIende display a snbpamllel orienta- 



tion. The outer prisms of individual s w a m  m e  pleochroic in 
darker, Mner tatones than the crystds of the interior. Magnetite is 
present in large grains and myriads of smaller onkq. The rnqnetite 
crystals ara distributed through groups of brown biotite fl~kw. 

u Apatite is an accessory mineral. 
=. 

a The age of the gxeenstone-schist is not definitely known. The se- 
+ quence is lower in the stratigraphic column tllnn the rwh that 

yielded the fossils of doubtful Upper Triassic age. (See pp. 2930.) 
As has been pointed out, the recognimd upper limit; of the farma- 
tion all the way across the district is marked by s fault. Becaum 
t,he fault appears to be generally parallel to the bedding it is klieved 
that the fault d m  not cut out my great stratigraphic thicknas and 
that, so far as is known, no very p a t  span of geologic time elapsed 
between the pouring out of the flows of the upper part of the green- 
stone-schist and thm of the greenstone n h .  The upper part of 

' Ihe sequence may be Triassic, or it may be alder. 
The age of the sediments of the lmm part of +e fornation is man 

mom in doubt. The main mass of dioritic magma penetrated upward 
n h t  to the division betmeen the upper and lower parts of tha forme, 
tion, No unwfomity  beheen the two parts WRS seen, and none 
is Mieveta to be present, but if one were present there, it might well 
b mncesled by the effects of the intmsion on tha preexistjng mcks 
or by the intrusion itself. 
It i0 possible, fram the field evidence, that the lava flows of the upper 

part of the formation were king extruded at or about the same time 
as the Wies of basic m k  wem being intruded into the lower pmt of 
the formation. On tho other hand, the intrusion of tb basic masses 
may have been unaccompanied by any surface volcanism, or they may 
correspoad in time to tony of the Triassic volcanic rocks or, less pmb- 
ably, to  the greenstono in tho graywacke of probable Lower Cretaceous 
rrge. If the last-named pmsibility should be true Ella bnsic htmsive 
n m  of the lower part of the formation may have been the immediate 
forerunners of th0 main diorite intrusion, herein correlsted with the 
Cmst Range batholith. 

ORmmNBTONE 

The formation herein designated p n s t o n c  is a prsistcnt unit that 
trends mmsa the district stratigraphidly above the greenstone-schik 
The: lowar limit of the greenstone is marked by the fault that separates 
it from the underlying squenm. At most places it is overlain by a 
persistent band of limestone. 
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Locally thin lenm of limestone occupy a zone several hunclrrd fect 
thick near the top of ihe ,peenstone formation. This featu1.e was 
noticed particular1 q. near thp eastern barrler of the mapped nrea. TIIP 
rock of these lenses is made up of limestone masses a few inches in , 

diameter set in a mat r i x  of scorinc~ous ,penatone. In the vicinity of 
Black Rirer at two or more plnces pnrk of the limestone formntion 
extend down into the ,mnstone sguence for a mnsidemble distnnce. 
In  the valley of Goon Ijip Riwr, north of the river, the limestone bn11d 
js locally cut out by faulting o11c1 thc grennstone is in contact with the 
schist. 

The width of the outcrop of the grrmstone as mapped ranps from 
nbout 5,500 feet at Goon Dip Rirer to nbout 800 feet a t  Mount Fme- 
burn. The thinning at l fount  B r ~ ~ b u r n  appears to k cTue to the cut- 
ting oout of the lover part of the formntiori by a local divergence from 
parallelism with the bedding of the fnult thnt marks the lol>-~r side of 
the greenstone. A short clistance fnrtl~el: south, east of the north end 
of Rust Lake, the width of outcrop is Inore t11n11 3500 feet. 

The formation is cut br a con~idenhle number of fault?, but in . 

general they appenf to be  either ]arm nor contint~ous, and their 
effect on the apparent thickness of the fornhntion is p~nbably not 
p e n t .  As the d i p  are steep, the rnaxim~~m \riddl of tho outcrop 
prob~bly rtppmximates the maximum exposed thickness of tlie 
formntion. 

So far as is h o r n  the formatioil is made up almost entirely of 
mnssire Inra Rows. At many places the stratification, bacaaso of the 
massire chnrncter of the rock, is T ~ F  difficult to determine. 

The mck is in ~ n e r a l  dark-colored. At many places a reddisll cast 
on the weathewd surface is mnepicuons. At others the roclcs nrr! d ~ r k  
gray or g w ~ 1 1 .  In n few l o c ~ l  ities the fresh rock is a distinct p11rpli~I1 
red. 

Parts, pm~umnbly tlla tops. of mnrtT of the flows are nmygdaloidal? 
and the amygdnlcs, some o f  17-hich nre an jnc11 in diameter, nre corn- 
monIy made up of rct~dily wcnplizahle quartz and epidote. The 
am;rgdaloidal zones on IIirst Jlorrntriin, wl~ere they are well exposed 
and appear to he typical, am RS rn~lcll ns 6 feet thick and are separated 
by 20 to 100 feet of penstone  thnt is not arnpgdaloidal. 

At many places the nonnmyplnloirlrtl gw~nstone is art in varyiilg 
directions by tiny reinlets of qun~tz,  cpidotc., find pwhnite (pl. 4, -4). 

The penstone is conmol~ l~  prpl~yritic, and the spaces between 
the feldspar laths are ordinarily filkd with nlter~t~ion minerals or m-it11 
aupit~.  Localtg the f e l d ~ a r  cqstals are concent ratad in conspicuous 
prolips that sirnt~lxte m p l n l e s .  



A t h i ~ l  section cut fro111 n speci~liell collected near t l ~ e  stmrnit of 
EIirst Mountniu contnins feldspar c~ngstals zis mucl~ as 0.5 millimeter 
long forming a network of tiny laths with interstitial augite and 
magnetite. Usually tho felrlspar i s  albite, hut the larger c q ~ t s l s  con- 

c tnin a few ragged remnni~ is of labr:tdorite, -rrhicl~ perllaps i~l~l icxte  the 
cornpositio~~ of the origiilal felclspar. T h e  groundmass contui~ls ~ n u c l ~  . 
t;pcontlruy epidote, chlorite, and leucoxene, The ma~iy lnrpe, rounded 

4 
amygdulcs nrc made up of quartz grains and epidote. Srn~El irregulnr - c n ~ i t  ips  are pnrtlp filled with green chlorite, some of \~-hich is rnrlinlly 
nr~nnmd, nnd epidote. Son~e of the ca\<ties have tthin l i n i ~ l p  o f  q ~ ~ n r t a .  

A tl~itl section fmm x neigllboring locality is similar to the one just 
cle~ccrihd except that no ~vnmnnts of cnlcic plagimlt~se remnin :u~tl the 
nugite hns heen co~rlpletely nl te1.et1. Mnch seconduly calcite is prcsen t.- 

The color of a purpljsh-lm nrnygcllnloirlul flow in the penstotle  
formation mar thc cnetern edge of the didrict is due to the PIFSCHCC 

of finely clisscmitlated I~ematjke in tile grounclmas~. The feldspar js  
nlhite, The rock is similar to the rocks of the Hirst Mountain vicik~ily. 

A dark, relati~*elp coarse-gruinecl rock that lies j us t  belon~ the 
Triassic ( Y) l ~ e s t u n c  on the ridge between Jlount Frcebnrn nnci Black 
1Cirer appcarz: to be a dinbase sill. The lnnxiniz~m p a i n  size is nhsout 
2 mi1linleter.s. The prindp:tl t~l i l i~ l -a ls  : I ~ C  R cnlcic ~PICISI)RI' (b;l'ton-ll- 
itc) and nctinolite, Tlle actinolhtc is prexnt as Iarpc pltltes tliilt con- 
inin numerous inclusions of Ilrnenite and ns necrlles, commonly 
radiating, that haw replaced r)tl~cr minends, principally bytownite 
ant1 chlorite. nptownitc in laths an 11luc11 ns 0.5 rnilli~uetcr long 
lnnkcs up about 40 pel-cwlt of the raclt. Mnng of tho hgtownite c r y -  

s 
txls are enclosed in the :~ctinolile plnt~s. The feldspar hns bcen 
partly nltered to nctinolite, scricite, rhIorite, cpidote, nncl prchnite. 
The chlorih has been in pnrt replncetl by epidotc. l'rehnite and 
rpirlote are also pl-pwrif. ns rrinlrtw l'nrt of the ilmenilr, 11~s bcen 

?- 1.cplnced by leucoxene. 
The brwcintcd rolcnnic rock licnr tlio ;Lop of the Trinssic ( 8)  green- 

stone not far from the ~ a s t r r n  border nT tho ~nnpped nren that con- 
tains rounded massea of l im~stone as mucll as ~cvcrnl inches in diameter 
:Ippears to hare resulted from bnsnltic tnra having been intrllcled into 
or extruded orer limy mud. Such an origin hns been sugpsted for 
similar racks elsewhere." 
The brecciaterl rock is m n d ~  up princip>~lly of fragments of scoria- 

ceons lax-a in n matrix of cnlcitc g r n i i ~ ~  t hnt  lack good c r y ~ t ~ l  bound- 
aries. Thp numeroils V C P ~ C ~ P S  contain such minerals as chlorite, 
z e o l i t ~ s ~  and sericitc, The rr~sk i s  cut  by cnlcih ~einlets. The feld- 
spars l l a r ~  been replncpil hy wricite, 3fuch pyrite is present in the 
volcanic fragments nnd in tlw ctilcite ndjocenrt to the fragments. 

OMncdnnmld. 0. A., An Inti-tlrtrc p t - ~ ~ r l t ~  nt Snn Pedro Hnl, ChlEP. : Cal!fomIa Univ., 
Pept. Cent. ErI. I?ull.. rot. 21. pp. 350-333, Sor'. 1% 1939. 



The walls of the ~esicles, which presumably were originally glnssy, 
consist of dull, opaque white material resembling leucoxene that is 
scattered through a matrix of sericite and pale-green chlorite. 

No fossils htsve been found in the greenstang, and its age is known 
only from its relations to other formations in the stmtigraphic 
column. The limestone lenses and the brecris containing small Iirne- 
stone masses thnt occupy a position near the top of the greenstone 
appear to indicate a gradation into the limestone formation above. 
Tlla fossils of somewhst doubtful Upper' Triasiic age that were ml- 
IecM from limestone flont (m p. 29) may have come from the lime- 
%one formation, but it is thought more likely that they came from rr 
limestone Iena higher in the stratigraphic wction. A1 thnt can be 
definitely said aa to the age of the greenstone formation is that i t  is 
alder than rocks of doubtful Upper Triassic age but that there is' no 
known unoonformity or disconformity between. 
Most of the greenstone is similar to the upper part of the underlying 

penstone-schist and therefore at least the nppr part of the p e n -  
stone-schiat formation may also be Triassic. The two formations are 
separated by a fnult. 

The diab~brta sill at thn top of the penstone between Mount Fme- 
burn and Rhck River sffords a basis for spcdation as to the age 
of some of the older intrusive rocks of the district. If this b i a  
sill is tho age eqaivaIent of the old basic intrusive bodies in the lower 
part of the greenstone-schist, then t h m  bodies must be yowger than 
the upper part of the peenstone-whist, The basic sill at the top of 
the greenstone, rnappecl 8s part of that formstion, may be the age 
equivalent of volcrnic mcka higher in the section. 

A p u p  of persistant limestone beds forms one of the mad easily 
traced and conspicuous formations of the district. (See pl. 5.) It 
extends, with a few very short breaks, all the way scram the district 
fmm the head of GouIding Harbor soutlwastward to the edge of the 
mapped a m  east of Rust L~ke .  

The width of outcrop of the band of limastone bds, which pre- 
sumably is in most pIaces approximately the same as the stratigraphic 
thickness, ranges h m  about 100 feet to about 1,600 feet, Such thin 
calcareous formations m e  charactariistically incompetent and are be- 
lieved to yield more or less pla~t~ically to defomative forces. The 
snggestion is offered that the differences in ihicknw of the limestone 
at different plaees may be due, at least partly, ta the plastic transfer 
of material from one place to another. 
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The formation is cut by many small lmal faults. At t h  southern 
extremity of the outcrop of the limestone within the district the 
formation is cut off by a fault that is considered in mom detail in the 
section on structural geology (p. 73 and pl. 13). South of th i s  

t 
fault the limestone has not k n  found on the ground, although only - a little time couId be spent in searching for it. Study of ~irplane 
photographs alw has faiM to reveal the continuation of the limestone. 

Where the l i m e s h e  crosses Rust Creek a. large fault cuts at a flat 
M 

-..-, angle across the formation. North of Goon Dip River anohher large 
fauIt crows the limestone and cuts it out in two short intervals, each 

I  bout half a mile long. The only other known break in the outcrop 
is e a t  of the head of Pin& Bay, where the formation is displaced 
abbut so0 feet. 

The formation is predominantly from light to dark gray, but in 
some places the rock is cream-colored and in others almost white. In 
general aspect the formation is much lighter than either the under- 
lying or the overlying formations, and the rocks stand out in sharp 
contrast. (Sea pls. 4, B, and 5.) It is the band of light-colored S i e -  
stone that @gives the name to Whitestripe Mountain. 

The limestone has been deeply etched by solution, both above and 
below timber line. The surfams are rounded and pitted, and deep 
gashes, resembling mine stapes, have at rnmy places been dimlved 
along bedding surf a m  and joints. Commonly the  ides of these gashes 
nre fluted vertically, like a giant washboard, where t h ~  abundant rain 
has coursed into them. The famation is cavernous, and underground 
drainage is very common. Rust Creek flows for a considerable dis- 
tance underground where it crosses the limestone belt. (See pl. 6, A,) - No mmnfarmity appears to exist between the base of ths limestone 
and the underlying greenstone. The same appears to be'true of the 
upper contract, ttlthough only one lens of limestone was found strati- 

.) pr~phieally close to the main limestone belt in the overlying formation. 
In the vicinity of Whitestripe Lake there is an intehgering &tween 
the limestone and the overlying schist, and this condition may also 
exist elsewhere. 

h s e s  of greenstone, mostIy much darker in color than the lime- 
stone, a p  w m o n  in the formation. (See p1. 4, B.) Some of these 
leusea are of mnsidemb1e size, but not all a m  shown on the, geologia 
map. In many places it is dillicult to teU whether a particnIar body 
of greenstone is more clowIy related to the overlying or the under- 
lying formation. 

Many lenses of a IighE-mlod, cherty-appearing rock were n o t i d  
in the limestone on md near the mountain top about Mf a mile north- 
west of Whitestripe Lake. Thin sections of this rock show that the 
lenses may originally have been intrusive M i e s  similar to the dikes 



of the district. The rock is now made up of more than 80 percent of 
very fine-pined quarb, with the rest mostly sericib. 

' 

Parts of the limestone have been recrystallized to marble. The 
recrystallization appears to have been irregular, and no a p p m t  
rwlation either to structural features or to younger intrusive rocks 

u 
was found. At the prospect af the NBW Chichagof Mining Syndicate 

' 

near Pintrt Bay (see p. 139 and pl. 323, very cmm19 crystalline cal- 
cite has been formed in irregular bodies where the lim-ne is cut by 
a fault. At this prospect sh~ ly  limestone, interbedded with more -2 . 

massive limestone, is common. The shaly rocks contain a large 
proportion of sericite. 

The calcite limestone commonly contains quartz, magnetite, find 
graphite as nccassories. Albite atid pyrIte wee noted in the ml- 
careous rocks at  the prospects near the head of Pints Bay. 
In places the formation is dolomitic, but the distribution and reh- 

live abundance of the dolomitic parts are not known. All the dolo- 
mitic specimens studied are cream-colored, but not a11 the cream- 
corored rock is dolom!tic. Wliere the rock is dolomitic the small 
dolomite crystals ommonly stand out in relief from the rest of the 
rock and give outcrops a mugh, pitted appearance. Two specimens 
of dolomitic limestone from Mount Freeburn, one from the southeast 
flank of the mountain and the other from a loc~lity east of Black 
Lake, are made up of poorly formed crystals of calcite about 0.02 
milljmeter in diameter in ml~ich are set rhornbohedrons of dolomrte 
as much as 0.1 millimeter in diameter. Lnter veimlets of coarse cal- 
cite cut both specimens. The percentage of dolomite ranges widely 
within very short distances. Different parts of a thin section, for 
example, display a range of dolomite content from 30 to 80-percent. 

No fwsils have been found in the limestone formation, It is 
possible that the fossils found in flout and doubtfully assigned to the 
Uppw T r i d c  (pp. 99-30) came from the limestone formation, but 
it is thought much more likely that they came from a limestone lens 
higher in the section, in the schist. The limestone formation ia  
doubtfully assigned to the Triassic, as no unconformity is laown to  
exist betwem it and the overlying schist. 

OOCVEREWOE A m  RELATlrOlW 

The oomp1ex group of rocks mllectively designated &t i s  one 
of the most widespread units in the Chichaguf mining district. Its 
wide belt of outcrop extends from the northwest corner to the muth- 
erast corner of the mapped area. The belt is wider both to the northwest 
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and to the southead khan it is in tIm central part of the district. The 
width, nleasured acrm the gpproxirnata a v e r w  strike, in the vicinity 
of Sister Lake i s  about 4% rnilcs, mhemas a little farther north, near 
Black Lake, the belt is only 2 miPm wide. At Portlock Harbor the 
belt is nearly 4% milw ncfoss. The formation is cut Ag myriad faults, 

t including some of the largest and most prsistent faults of the dis- 
tnct. ~w PI. 9.) 

A diagnostic feature of the mhist is the intrim& and small-scale * 
.L*. crumpling that it displays. (See pl. 6 , B . )  In some places the rock 

ia massive and not crumpled, but as a rule the layers %re twisted, 
contorted, and pulled apart in a complex manner. 

The formation appcnrs to have yielded in a more or less plastic 
manner Ito structural disturbance. The thinning of the outcrop in 
the central part of the district may IM due entirely h the plaskic 
tra~isfer of rnnterial from a region of high pressure both northwest 
and southeast to regions of lower pressuw,. Vein quartz in irreplttr 
maws nnd ns veinlalk parallel to and crossing the foliation is Ferg 
ammon in the fomntion. (Sce pl. 6, B.) 

Becauw the schist sequence is ralatively incompetent and appears 
to ham yielded pltlstiealiy, because crumpling and contortion ara com- 
mon, and bccaum it is cut by numerous large and ma11 faults the 
width of outcrop of the formation is entirely unreliable as a measure 
of stratigraphic thickness. It is probably safe to assume that the 
formation is many thousands of feet thick. 

No unmnfomity has hen recognized either ahve or below the 
formation as mapped, nor at  any place within the formation, The 
structural complimtions, horrever, am h e h  t l ~ ~ t  one or more uncon- 

5.. formities may exist, and the evidence formtheir m p i t i o n  may have 
been entirely destroyed. 

The schist is made up of many different. kinds of rocks. Among 
3 - . these massive grmmtone, greenstone schist, graphitic schist, graywncke, 

chert, and limestone are perhaps the most abundmtly reprewnted and 
reradily recognized. More detailed mapping would probably permit 
the division of the formation into smaller units, and suclr mapping 
might dehiteIy answer the qnesCion as to the presence or absence 
of an unwnformity or unconformities below, in, or above the p n -  
stone schist- Of the principal rock types mentioned only the lnrger 
masses of limestone have h e n  differentiated on the geologic map. 
Most of these lie north of Black Bay and between that IocaIity and 
Goon Dip Riwr. 

The distribution of other rock types is not h o r n  in detail, but 
a few generalities mny be mentioned. The mh in the vicinity of the 
peak, 3,216 feet high, smitheast of Rtrst Lake, are 1krg.ely graphitic 
schists. Thick zones nf graphitic schist were also notd near Ford 
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Arm. The gmywaclre of the formation was noticed partimlarly in the 
upper prt where the outcrop is nmw--that is, emst of Kimshan 
Cove and the head of mag Bay. 

At Black Blry graphitic schist and gmmshne schist dbmmta in 
zones from a few tans to a fern hundreds of feet wide. Greenstone 
=hid is partimlarly abundant on Mount Lydonia. Alternating bands s 
ob greenstone schist and graphitic whist appear to predominate in the 
northwestern part of the district. 

The massive greenstone represents for the most part flows of basio L 
Y 

lava, such ~ E S  b d t .  Some intrusive sills may be p m n t .  Some 
of the m h v e  rocks are fragment a1 and mtnJr be the resuIt of intrusions 
into unconsolidated sediments on a sea floor or of under-water 
extrusions. The finely btlnded green schists am pmbbly largely 
v o l ~ c  tuffs. Interbedded maphitic schists show that carbonamous 
gediments were being depositad between repeated outbumts of volwnic 
material. 

PETBOLOQP 

M a s h e  pgmetm.-Basic lam near the head of Ford Arm, about 
1 mile west of the emtern border of the district, i s  closely associatad 
with chert and mntains mall lenses of limestone a few inch= long. 
Long laths of labradorite in this rock are ernhdded in brown augite. 
The labradorite ha8 been p&ly Jtered to olipclase. The augite is 
mostly in bundlm of neadles wparated by chlorite. Green spinel md 
magnetite are prasent in munded aggregates. Secondary chlorite and 
cdcite am common. 

Thoroughly crushed igneous rock, prabablg basalt or diabase, -4 

found on the hill about half a mile west of the small lake ahat  3 s 
miles north of the southeset corner of the mapped a m  The rock 
now consists of fragmentg of albite, as much as 0.5 millimeter long, 
with a few remnants of purplish, plemhroi~ angite. The groundmass 
is yellowish-green serpentine with much finely divided Ieumxene. C 

Massive igneo~ls m k ,  probably intrusive, was collected from the 
schist abut  half a mile north of the peak 2351 feet high s litf.1~ more 
than a d e  east of the top of Mount Lydonia Before it was dted 
it probably consisted of about 60 pemnt p l ~ ~ ~ a s e ,  20 percent angite, 
and 20 percent, micropegmatite and quartz. The micropegmatits is 
interstitial to the'larger crydals of feldspar and angite. The plagio- 
clam is now albite. Most of the augk  has been altered to ehlorita 
and to a mineral that may be talc. The albite has been partly 
replaced by epidote and chlorite. The mck contains a small mount 
of pmhita 

f i e e 7 a s t w  sc&t.-The greenstoe schigt is mlrde up of metamor- 
phosed voIcanic mb, pmbably in large part tuffs, of geneally M e  
composition. h l l y  it contains different amoanta of sandy or limy 



sedimentary material. The rocks are schidose, but locally traces of 
older structural features remain, hcIudiq those generally associatd 
with tufls and lava flows. The schist is finely banded, and in moat 
places, though not eeverywhere, the banding and the schistosity co- 

t - incide. Because the rocks are fine-pined, their mineral composition 
and texture are commonly determined with difficulty. 
Common minerals of the peen schist include epirlote, clinozoisite, 

tremolite, aictinolite, c h l o h ,  albite, and quartz. Muscovite and 
L calcite are l d y  present but ordinarily are not d a t e d .  

Epidobchlorite-tremo1ite schist crops out on the hilltop 1,789 feet 
high northwest of Black Lake. The rock is made up of about 40 per- 
cent epidoh-dinmisite, 30 percent t m o l i t e ,  20 percent dbite, and 
10 percent chlorite. A mall  nmount of magnetite is present. The 
rock consists of a feltlike mass of subparallel tremolite needles and 
chlorite flalres endosing granules of epidote-clinozoisite and lenticular 
ma- of clear albite. The average grain size approaches 0.02 milli- 
meter. The m k  is finely banded. The bands are contorted and 
parallel the mfistosity, 

Sodic amphiboles am mare but noteworthy constituents of the ~IWII- 
stone schist. From the m t h  shore of the arm of Sister Lab north of 
Flat Top Mountain was collected a specimen of xhid composed of 
about 38 percent epidote, 30 percent chlorite, 10 permat calcite, 10 per- 
cent albite, 5 percent eugite, 5 percent d i c  tunphibole, and 2 percent 
titmih. Small amounts of pyrite and quartz are p m t ,  The sodic 
amphibole has optical properties resembling those of the amphibole 
cmssite, Augite grains have besn marginally replaced by chlorite, 
godic amphikale, and epidote, The outer portions of the d c  amphi- 

Pz bole have been albmd to another greenish-blue amphibole that is 
probably mdic also. Part of the calcite is p m n t  as large plntes 
enclosing ather minerals. 

3 Sodic amphibole was found also in a rock from the east shore of 
Pinta Bay a little mom than a mile inside the entrance, The rock 
eontabs a b u t  38 pemnt epidote-clinozoisite, 30 proent smphible, 
20 percent albite, 10 percent quartz, and 2 percent biotite. The armphi- 
blr? is zoned. The outernost zone is pale and apparently is tremolite. 
Inside the tremolite zone the bulk of the crystals consist of an rimphi- 
bole p l m h i c  from coEorIess to blue green to yellowish gmn. A few 
prisms have cores that, from the optical properties, r e ~ m b l e  glaueo- 
phane. Biotite: is an unusual mineral in the penatone xhists. In 
this specimen the biotite is of an alive-green alor. 

GmpAitic achkt.-The graphitic schist is large1 y metamorphosed 
carbonemus shale that locally contains notable amounts of volcanic 
material. Some of the graphitic schist contains labite ; some does not. 

I That without albite contains mom quartz, locally aa much as 96 per- 
cent. The albitic rocks genernlEy mntain a mineral of the epidoh 
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p u p  in amounh up to about 10 percent. Graphite gives the rocks 
their dark color. 7 % ~  amount of graphite in a a& b commonly lm 
than it appears. It is conspicuous because of its opacity and because 
it is commonly f w d  smeared over shear surfaces in the rock. Chlorite 
and mummite am everywhere present in ths graphitic schish. Garnet 
in small, well-formed cryatals is common. Titanite, calcite, and pyrite 
are cumon  accessories, 

Typical graphitic schist crops out at m altitude of &out 2,000 feet 
on the southern spur of Mount Lydonia. The rock contains &bout 90 
pe~ercent quartz and 10 percent rnuscovita, with traces of garnet, titmite, 
and pphi te .  bilotst of the muscovite forms f i h  and layers separated 
by quartz-rioh layers in which, them are only sattered flakes of 
mumite .  The isolatad garnet erystaIs am faintly pink 

An dbitic phase of grnphitic scl& crops out at the outlet of Black 
Lake. Albite and qu~rtz  in roughly equ~l  amounts make up about 

, 80 percent of the rock. About 10 percent of chlorite, 5 percent of 
muscovite, 5 percent of graphite, and t r m  of garnet, zoisite, and 
pyrite are present. Quartz and albite am gemrally in elongated 
grains as much as 0.1 millimeter long. The albite crystals are crowded 
with graphite inclusions. Certain l ~ y e r s  are rich in graphite and 
long flakes of muscovite. The qmrtz-albite layem contain lenses of 
chlorite. Garnet grains nre scattered, but pyrite is concentrated in 
the more graphitic layers. 

Qruywacke.-For the most p ~ r t  the graywacke of the younger 
gresnstone schist. has not suffered much dynamic metamorphism. Lo- 
cally in the vicinity of faults it is inten*ly crushed. The graywacke 
is made up principally of angular sandy grains lcss khan 0.2 millimeter 

.9 
across.^ The p i n s  are embedded in a chloritic matrix, sparse in 
unsheared rock but abundant where the rock is intensely sl~cared. 

The rock and mineral fragments of the graywackc include, in ap- 
proximate order of abundance, quartz, graphitic shale or slate, albite, -e 
basic volcanic rock, epidote, chlorite, trernolite, garnet, bleached bio- 
tite, and magnetite. All specimens show veining and replacement 
by pdqi te  in different mounts in specimens from different places. 

A complex sequence of late veinlets was observed in a spmimen 
found a b u t  1% miles west of the outlet of Black l i k e .  The earliest 
veinlets consid of cloudy grehnite. These were followed in turn by 
veinlete of clear prehnite and quartz with hematite apparently pseudo- 
.morphous after pyrite, veinlets of quartz with a little prehnite, vein. 
lets of clenr quartz with a little albite, and veinlets of quartz in grains 
elongate normal to the walk  

Chert.-The chert is very finegrained md is brownish to greenish 
gray or light p n .  The chert is cut by many shear surf- smeared 
with graphite. Some closely spaced joints are Wed with narrow 



quartz wideta. The chert is in lenticular layers that ma& 6 inchea 
in thickness. hdividunl Inyers am from 1 foot to 6 feet long. Thase 
a m  separated by slaty rnntcrial. The lenses are generally much con- 
torted. The mall lenses mako up the greater part of larpr len- - ticular m a w ,  some of which are 30 feet long. 

t' The chert is principauy cryptocrystallino quart& that contains nn- 
merous ovoid masses, 0.03 to 0.08 millimeter across, composed of 
clenrer, slightly more coarsely crystalline qunrh. The groundmnss 

4 
.II. is rendered cloudy by flakes of chlorite and locally by sericita, with 

grmules of leucoxme, irregular mnssas of ,pyrite, or with zoisit~. 
Some quartz ovoids have a radial structure, and the radiating fibers 

are d o n p t d  at right angles to the e axis. Some ovoids h v e  thin 
outer rims of quarts. Whether or not the ovoicls ere of organic origin 
is not known. 
Some of the quwtl; winlets that cut the chert contain sericib, albite, 

or chlorite. A few chlorite veinlets are p e n t ,  md mme of these 
contain pyrite or magnetite. 

Lim#to~~-LitholoS;~~11y the limestone of the schist is very 
similar to the underlying limestone formntion. Its colors include 
dark gray, light pay,  bltff, nnd white. Mast of the rock is fine- 
grained, but locslly it i s  coarsely crgstaIline marble. Disseminnted 
carbonaceous matter, qunrtz, and volcanic material are common in 
greatly different proportions. 

A limestone lens nenr thc enst side of the ehtrance to Didrickson 
Bay contains masses of p n  schistose rock that weather out in re- 
lief. The rock is largely conrse calcite with scattered quartz grains. 

* Some thin layers are quartz-micite schist. 
e Weathered surfaces of fine-grmincd impure buff limestone from 

Gmn Dip Momtnin a m  gray nnd rough. Apparently mnsidernble 
volcmic material mas mixed with the limy sediment. The rock now 
contains about 50 percent calcite, 20 percent prnet, 10 percent chlo- 
rite, 10 percent, albite, 5 percent epidotc, and 5 p e m t  quartz. 

AQE AMD 0 0 m L A T l O f  

The fossils on which rests the age nssipment of the schist, and the 
older bedded rocks af the district were collected from a large boulder 
in Gmn Dip River in the canyon at  the northeast foot of Goon Dip 
Mounwin. No fossils mere found in any of the limestone in place. 
From its position the boulder could hnve come from eitlier the lime- 
stone to the east or from the large limestono lens in the schist on 
Goon Dip Mountain but it seems much more likoly that the boulder 
came from the large limestone lens. On the nssurnption that i t  came 
from the lens, the formation,*becaase of the ipadequacy of the fossils, 
is somewhat doubtfully assigned to the Triassic period. 



The fmik were studied by J o h  B. Reaside, Jr., who mpbrts a 
f 01loms on the specimens submitted : 

'L'Z?lis lot contains w coralline type in the form or ovoid r n m  
Most of the h e  structure has been destroyed by recrystallization, 
and close identification is not possible. The Paleozoic palmnixlo& 

C think that i t  is not a Paleozoic type. It suggests in some respects an 
Upper Triassic form placed by J. P. Smith in tha genus E e t e ~ m ~ -  
d f m ;  in others it suggesb forms placed by Smith in the genus 

a 
S p m g i v h a .  I am strongly inclined to blieve it refemble to the A 

Upper Triassic but cannot definitely prove the case either way on 
this material alone," 

One lot of the saveral collected by an imp1oyee of the Rirst- 
C\ichagof Mining Co. on Kmeof Island in 1988 (see p. 49) was re- 
ported by Reeside as &'dark-gray limestone with many ~ilici6ed corals. 
The silicification haa destroyed most af the smaller details, but the 
forms present seem to  include a Z"he~&i# like T. -ca M h ,  aB 
figured by Smith; an Isaiptw like I. p m a  Smith 1 and a third form 
that may be a species of S p m g ~ p J m .  The only fauna of this type 
that I h o w  ia from the Upper Triassic" 
The rocks from the Chichagof district and thm from Emmf 

Island have not been correlated in the field, but they are in the same 
general structural and lithologic belt. 

The term graywacke is here used fa d w i g m h  a thick sequence of 
predominantly dimentary mcks that occupies ah& all of the . 4 

Chichagof mining district southwe& of the upper contact of the =hi& 
A few nf the small islands in the southwestern part of the district are 
made up of intrusive roek younger than the gmywacke formation. 
Mmt of the coastal-plain part of the district is underlain by the gray- 

8- 

macke, but the formation c o m p s ,  in addition, such prominen- as 
Doolth Mountsin and the lower mountains between Ford Arm, Slocum 
Arm, and Sister h k a  

The p a t e s t  width of outcrop of the graywscke is about 7% m i l a  
The general dip is steep to the southwe&, bub that  the thickness of the 
formation is approximately the same as the outcrop width is not 
considered a safe assumption for reaeons given in the following 
paragraphs. 

The pywacke is cut by many faults. Parts of the formation may 
6e cut out or may be repeated by the faulting, although in mmy places 
the faults do not appear to diverge very greatly from the bedding. 
Faults may be mom nmerous than shown on plate 9 bwurse of the 
difficulty with which ~ u c h  features can be recognized on the low 
coastal pIain. 



Local drag folds are present in the formation, and in places the 
dip is to the northeast rather than in t l ~ e  more mmmon south& 
direction. Rere and there overturned beds were doubtfully recog- 
nized. At a considerable numhr of localities the foliation planes 

v 

C am not pamllel to the bedding. No horizon markers have yet been 
* iwognized in the formation. 

The graywacke is much less contorted than the schist stratigra~hi- 

a 
cdly below it, but whether this is due to the difference in age or to 

6 differences in the competency of the rocks involved is not definitely 
hewn.  * 

A conspicuous feature of the contact between the schist and the gay- 
wacke formations is the large buIge to the eastward that it describes 
between the southeast end of Surveyor f asslsge and the nnamw channel 
between Lake Anna and Sister Lake. In that interval of h u t  5 miles 
the contact is about miles farther east thnn would be predicted from 
the trend of the contact either to the northwest or to the southeast. 

There hm been mnsiderable speculation as to whether or not there 
is a large unconfomity between the younger bedded rocks (the gray- 
wacke) and the older bedded rocks. Attempts to decide the matter 
during the investiptions resulting in this report were ~ l a t i v e l y  un- 
suwessful, and the mswer is dill  somewhat in doubt. Careful search 
for evidence bearing on the  problem WRS made along the contact and 
in the mka above and h low it. The oIder rocks are much more meta- 
morphosed and structurally disturbed than the mcks a h  the contact, 
These differnoes may be due to the greater comptency of the gray- 
wacke formation and to the closer proximity of the schist to the dioritic 

fl 
intrusions of the northeastern part of the district. 

4 It has been suggested that the embayment of the contact between the 
t w o  fomations in the ce~ltrnl pnrt of the district is due to a deep 
trough eroded in the scl~ist before the deposition of the pgwncka. 

*A The trough mould have been about 5 miles across and more than a mile 
deep. It would be expected, under the F~ppothesis suggested, that the 
sediments in po deep a t ro~~gh  would be recogniznblg different in type 

' from thosa an either side of it, but no differerlces were recognized. The 
e~idence, as described in tha section on the origin of st.mctnral features 
(p. 741, nppears to indicate that the bulge in the contact, is the result 
of structural movements. 

On Lock Tsland in Portlock Wnrbor 230 feet of coarse grnyn-ach 
and conglomerate of the p u y n c k e  foma tion overlie graphitic whist 
and greenstone of the schist formation. The contact surface is slightly 
irregular, but there ie no indicntion of weathering of the upper part of 
the penstone fomatiai~ before the doposition of the p ~ a c k e  nnd 
conglomerate. me frtypnents of the clastic mks a& the contact 
consist of materials sucll ns is h o r n  to exist in the older rocks. Thia 
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is the only locality dong  the contnct within the district near wl~ich 
conglomerate was found. 

Overbeck,' like the present authors, was unable to decide dehitely 
whether or not an unconformity separated the two formations. Ths 
authom are inclined to the k l i p f  that nn unconformity is present. 5 

Mnssive grrrywack~, shaly graymacke and slnte, conglomerate, green- 
stone schist, and chert h ~ v e  nll been recognized in the grnywacke forma- 
tion. The rocks in a zone about a mile wide next to the pxnitic in- * 
tmsfons of the islands in the southwestern part of the district contain h 

biotite readily recognized in the field. This belt is apparently a con- 
hct-metamorphic zone. The rnicroscop~, shows that biotite has de- 
veloped farther from the c o ~ ~ t a c t  than was remgmized in the Geld. 
Carbonates and silica hnve been extensively formed by hydrothermal 
alteration in clom proximity to the mines and fire discuswcl il: the 
chapter on metamorphism (p. 6 5 ) .  

The m k e  of the formation m e  commonly dnrk gray. Some, par- 
ticulnrly the massive varieties, weather to light gray. Below the level 
of stom waves the weathered praywarke commonly hns a greenish 
east. The greenstone schist i9 light p n  or brown, and the chert is 
light gay, green, or nearly white, 

Tila formation ia mude up pr~dominnntly of clnstic sedimentary 
material derived from older rocks, with II minor amount of I-olcanic 
rnnterisl, probnbly largely tuff, and chert of obscure origin. 

Ym&e gray~aacka.-Bedding in the massire graq.11-acke i s  com- 
monly obscure. Individu~lMsrnay be atlwstaOfeet thick. h a l l y  a 
massive p y w a c k ~ ,  in relntiv~lp thin beds, alternates with shnly gpy- 
wacke in beds of comparable 'thicknew to form a compsite rock some- 
times called "ribbon pymacke." The massive gmywacke is  well in- 
dumteci and ordinarily well jointed, so thnt many outcrops are bounded + 

by joint surfaces. 
The rock is made up of grains that ordjnarilg range from 0.1 to 1 

millimeter in diameter. Exceptional p i n s  are as  much as 4 rnilli- ' 

meters in dismekr. Some beds contain angwlar fragments of fine- 
grained, shJy graywacke ns much as Z inchm long in a coarse, 
sandy matrix. 

Grain counts were made of n total of 185 grains in two slides of 
apparently typic81 massive ~ a p w n c k ~ ,  in order ta obtain an idea 
of the relative abundance of grnins of different minerals and frag- 
mts of different m k s .  The results are not widely applicable 
except to furnish an approximation of the relative abundance of the 
mnstit~~ents of the typical rock. One dide was cut from a specimen 



obtained about 1% miles north of Trap Point, on a mountain between 
Slomun Arm, Ford Arm, and Sister Lake, and the other from a speci- 
men obtained about thee-quarters of a mile south of Point Hope, on 
the east side. of Ogden Passage. The results of the pain counts are 

-* - tabulated below. 

Grains forming leas than 1 percent of the total number of grains 
counted include fragments made up of magnetite, pyrik, and q u m ;  
epidote ; epidob and feldspar ; tremolite md feldspar ; aHmite ; mus- 
mvite ; orth~~lwe ; and microperthite. 
In thin secbions from other places; other minerds and rock frag- 

ments recognized, in addition to  those listed in the preding  para- 
graph and in the table, include oligoclase, quartz-chlorite scllist, 
nplite, fine-gdned granitic rock, magnetite, zircon, metarhyolite ( ?), 
t ib i t e ,  brown tourmaline, apatite, biatite, g m ~ t ~  and dinozoisite. 

The ground mass of the massive graywacke consists chiefly of very . 
fine grained sericite, chlorite, and graphitic ma.hrid. It forms n 
relatively m a l l  proportion of the coarser-pained mh, m the angu- 
lar, clastic imgments are ddely fitted together, leaving little room 
for inbmtitial material. 

3- Shaly gmywmke.--The shaIy graywacke commonly weathem to  a 
darker color, more like the fresh rock, than the massive grttywmke. 
Many closely spaced joints c u t  the shdy rocks, so that outcrops readfly 

+ disintepte into small lenticular chips. In many but by no mans 
P all places clme to large faults the shaly graywacke splih easily along 

implady curved shear surfaces coated with polished graphite. . 
T ~ B  largest measured clastic fragments in shaly gmywacke am 

about 0.05 millimeter across. The grains are angular except where 
shearing-movements have buffed them to a lenticular shape. The 
proportion of poundmass material, relative to that in the massive 
graywacke, is wry large. In places in the shaly graywacke true 
slaty cleevetge has been developed. In the slate minute  flak^ of 
sericite lie in or define the cleavage. 
O~n;~Ime~~e.-Conglmerate W B S  seen at a few places in the gray- 

waeke. A bed about 6 inches thick containing pebbles and frag- 
ments as much as an inch in diatmetsr was found on the northern 
slope of Doalth Mountain. It was traced for a short distance only, 
and whether it was o r i g h d y  of m a l l  extent ox has been cut out by 
some of the numerotls faults is not known. 

Quartz 28 
5 Quartalte 14 

Alblte 12 
Graphitic &te -,--, 10 
Albitized greenstone ----,-------- 10 
Quartz-sericite acbiat I 

Chert - 8 
Chlorite ------ 4 
Graywaeke - 4 
Mnmvite & i L t - -  -------- - 1 

- 
97 
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On Lock Island, where wnglomerate occurs near tha cmntact with 
the schist, the con- is immediately overlain by mrse sandstone 
composed of fragments of greenatone and graphitic did, Above 
this is bmcia m d e  up of larger fragments, 3 inches in maximnm 
diameter, of the same rocks interbedded with coarse grayw* 
These mla are overlain by beds of conglomerate in which the pel+ t 

bles and fragments are chiefly graphitic schist and graywacke, with 
small arnounh of greenstone schist and ljrnestone. 

2 
XIIBTBIBVTION ~ r n  PETBOLOOP OF 'PHE Q R E E I P L L T O ~  BaHlsT fw TBE 

QRAYWACKE 

hnaesr of p n s t o n e  schist large enough ta be shown on plate 3 
were found between Kimshan Govs and the h a d  of mag Bay, about 
half a mile wutheast of the head of Klag Bay* along the southwest 
aide of Herbert Graves Island at the northwest entrance to Kukkan 
Pawage, an the same island near the entrance to South Passage and 
at the head. of Elkugu Brty, and on Hogan Island at the entrance to 
South Pasage, The peenatone on Hogan Island may be part of 
the Bama lene MI that acro~ls South Passagc! on Herbert Graves IsIand. 
h a l l e r  lenaes and beds of greenstone whist were seen at other pla- 
in the graywacke but are not large enough to show on the map. 
T h e  p n s t o n e  mhist on b ~ t h  sides of South Pamage has snffmed 

t he  artme contwt metamorphism from the granitic intrusions to the 
southwest as the enclosing gnywacke. The rock of the lens ranges 
in texture from massive to schistose. T h e  schistme phase consjds 
principally of a fine-grain4 aggregate of oligml~se, biotite, and 
chlorite, but clinozoisite is abundant in m e  lagers and the rock wn- 
tains calcite crystals as much as 2 millimeters long. The inassiw 
rock is rnltde up of a felt of tremolita n e e d s ,  with rmdm orienta- 
tions, enclosing biotite flakes, p i n s  of clinazoisite, and relict 
phenocrysts of albite and is cnt by veinlets of coarse albite, clinozoi- rn 

site, and biotite. At other localities the greenstone schist consi~ta 
\ 

of ammatrix of sericite, chlorite, and commonly also of carbonate in 
which are embedded albite laths or quartz fragments. Cnrbona~eaus 
materid is ~mpicuously lacking in the greenstone sehists. 

Much, bnt not all, of the chert of the graywacke formatian is found 
in the lower part of the formation. Chert is conspicuons near the 
small lake at the west foot of Doolth Mountain. mere appeam also 
to be a general amxiation between bodies of chert and lenm of 
pgreenstone whist, but numy greenstone-schist lenses have no known 
agsociated hdiea  of chert. The chert is very he-grained. Indi- 
viduaI Ms are ordinarily IESS than 6 inches thick. The thin beds 
are separated by argillaceous partings, LenticuIar maasaq of chert, 



made up of p u p s  of the thin beds, am ns much as 30 feet thick 
and 200 feet long. 

The chert is composed largely of cryskrystdine qua*. The 
siliceous matrix cuntains locally many minute flakes of chlorite, 

= which imggrt the greenish color to soroe of the chert. Veinlets of 
chlorite commonly cut the chert. Fn one specimen calcite is present 
in small tabular masses and in veinlet9 in part intergrown with 
zoisite and prehnite. The average grain diameter of the chert may * 

C approach 0.01 millimeter. Irregularly distributed through the chert 
are ovoid masses of clearer quartz that are relatively free of chloriti. 
Z'he quartz grains in these masses reach abut  0.02 millimeter in 
diameter, and the masses t l~emelves range from about 0.03 to ubouh 
0.10 millimeter. Much of the chert is cut by veinlets of rnierocys- 
blline quartz, generally coarser than that of tho main mass of the 
rock. 

AGE m u  C O ~ T I O N  

No fossils have been found in the grapwncke formation within 
the Chichagof mining district. The graywacke sequence is abun- 
dant along the west coasts of both Chichagof and Baranof Islands. 
The Wrights believed the graywacka possibly to the Permian, and 
Rnopf thought it might be late Jr~rassic or early Cretaceous. (8- 
p. 49.) 

The f h l s  collected by Overbeck from Slocum Arm (see pp. 4 L i 0 )  
almost surely mme from the formation herein called graywacke. 
Although Overkk assigned s probable Upper Jurassic age to  the 
forrnntion on the basis of those fossils, he was careful to cite the 

r, - paleontologist's report, in which it was indicated that the distinc- 
tion btween Upper *Jurawic and Lower Cretaceous was jn this cam 
not satisfactor;p. 

4 ,* 
If the f o d s  in some of the lots mIlected by an employee of the 

HimbCEchagof Mining Go. on h z o f  hl&d (sea pp. 49,50) came 
from the same farmntion as the graywacke in the Chichagof mining 
district, as is Swlieved probable, then the Lower Cretaceous Age of 
the formation appears to be certain. 

The doubt as to the ege designation of the formation ariss became 
the mcks at T h z o f  Island and in the Chichagof district am n d  
definitely known to be in the same formation and because of the 
possibility, which, however, appears remote to the authors, that 
the +formation as mapped ineludes both Upper Jurmic and Lower 
Cretaceous mch. 

IHTBWSrVE ROC= 

Tn the descriptions of the Mded mks of the district severaI 
bodieg of intrusive rocks, largely diabase and gabbro, are mentioned. 
Th- are mostly sills and have been considered parts of the bedded 
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quenca into which they were intruded. They are believed to be 
older than an.9 of the intrusive rocks that are described in this -tion 
of the report, but, as pointed out  on page 19, it wnnot be demon- 
strated ddnitely that ~t least some may not be tls young as the 
pywacke .  In that event some of tha silla of basic mks are prob- 
ably not much older than the diorita next described. T h e  basic silk 
are not considered further in this sectioa 

"Diorih" is here u d  as a general tam to  include several rock 
types mostly more or low gneissic, in the Chichagof district that are 
closely associated geographically and genetically. The diorite is 
fhe most abundant mck in the northeastern part of the mapped a m .  
What might be termed its principal upper contact is stratigraphically 

' about at the horizun separating the upper from the lower part of 
the greenstone-whist. (Sea p. 16.) In the vicinity of the low divide 
between the Gtoulding Harbor, Goon Dip River, and Rlnck R i ~ e r  
drainage basins large massea of t11e lower part of the greenstone- 
schist sequence lie dtmp within the diorite. 

At several places-$ or example, nmr the eastern edge of the district 
east of Hirst Mountain the diorih is crowded wft.h inclasions of 
rocks of the greenstone-schist sequence, and over considerable area  
it is an arbitrary matter whether to map the mkg as diorite or as 
pnstone-schist. At other plam, such as about 2 miles east of the 
lake 1,325 feet above sea level in the northern part of the district, 
some rocks wera mapped as diorite that later turned out to be gabbro. ,a 
These p~obflbly should have been included with the p n s t o n e  schist 
and so mapped, The map (pl. 3) therefore ernphasim the areal 
distrj bution of the diorite 1 argely at the expense of the lower part of .- 
the penstone-schist. (See pp. 1&16.) 

A conspicuous wnguelib mass of diorite branches from the edga 
of the main M y  near Rust Manntsin and exten& for 1% miles t o  
reurch a- p i t i o n  at its tip about 2,000 feet stratigraphically above the 
lower part of the greenstone sequence. 

Other bodies of diorite that intrude rmks highor in the strati- 
graphic section and are not comected at tho surfme with the main 
ma* are common in the district. Some of these, such as those in 
the vicinity of the prospects near the head of Pinta Bay, are either 
too mall or barely large enough to show on the geologio map. 
Larger onas include a sill-like mass about 1% miles long t h t  crmm 
the lake 1,385 feet above sea level in the nortl~ern part of the district ; 
a smaller b d y  on the north side of Goon Dip River about thrw- 
quarters of a mile south of the east end of the above-mentioned sill; 



a sill just belaw the limestone a short ddistnnce south of Black River; 
and a mass of unknown size land diape along the eastern edge of tho 
district east of the south end of Rust Lake. 

These bodies are probably all connected in depth with the m& 

e M y  of diorite. All but the last-mentioned one are  in the nppr 
part of the pnsCone-schist or in the greenstone or limestone. The 
last-mention4 body is in the &st and tllerefora m h e s  bigher in 

u 
the section within the district than my other known part of the 

e diorite. 
PETROLOOY 

The dominant rocks of the diorite group are diorite and quartz 
diorite. Common also are sodic types including albite-quartz dierite, 
albite diorite, and albite pnodiorite. Appnrent.1~ the more mdia 
rocks are largely confined to zones relatively close to contacts with 
the intruded rocks. Thus, in general, the rocks t o  the northeast are 
mom calcic than those fmthcr southwest. Because of the irregu- 
larity of the contacts, the Irsrge number of inclusions of masses of 
the older rocks, the lack of detniIed mapping, and the Imk of enough 
specimens, the more sodic zones could not be diflerentiatd on the 
map on the bssis of thin-section study. Albite-bearing rocks are also 
c a m o n  as granitic dikes that cult extensively the lower part of the 
greenstone-schist. 

Buddington and Chapinn have noted for southeastern Madm in 
general a concentration of soda-rich mcks near the borders of diorite 
m m s ,  such as was found within the Chichryof district. They 
gay : 

5 Albite and o l igoc la~uar te  diorlte, so far as known, form a very minor 
portlon of the U r n  Jurassic or Lower Cretacmua i n h a l v e  ro&a and are 
restrlctect to rev  small stocks, to dikes, or to Eocat mar@nal vildants of larger 
dlurlt lc atocka. 

% The few thin sections of diorite and quartz diorite that were 
studied indicate that the plagioclsse is andesine but that its anorthite 
content may range from about 30 to about 50 p m n t .  The plagio- 
clam of the soda-rich rocks is albite that, so far as is known, appeam 
to contain, not mmol.e than 5 percent of anorthite. 

The amount of plagioclase in each of the two divisions of the 
diorite (diotite and qunrtz diorite as distinct from albite-quartz 
diorite, albite diorite, and albita gmnodiorits) appears to average 
about 80 percent. Quartz in both divisions ranges widely, commonly 
from a, trace to about 30 percent. Some of tho sob-rich rocks, how- 
ever, contain nearly 60 percent of quartz. T f ~ a  average qu~rtz  con- 
tent for each division is about 20 percent The albite-bearing & 

LBaddlngtou, A. P-, snd Chnpln. Theodore, Qmlogy grid rnlneraI mwces of amtb 
matern Alaska: U. 8. Geacll. Survey Bull. 800, p. 213, 1929. 
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probably avemge a little more md the andesine-bearing rocks a IittEe 
lws t h ~ n  d h f .  

Hornblende and biotite am a h t  twice as abundant in the diorite 
and quartz diorite a9 in the albitic mh. The d i c  rocks are richer 
in potash feldspar but sre leaner in magnetite and apatite. 

The alteration p d u t s  W e r  somewhat in the two divisions. The 
mdic m k s  contain epidote and locally prehnite. The more calcic 
mka all contain prehnite but only l ~ l l y  carry epidde and 
clinozoisite. 

The reasons for the discontinuities in the ~)m@tion mnes 
between the mom calcic and the more mdic diorites a m  not h o r n .  
'She average mineral c m p i t i o n  of the andesine-bearing rwks Is 
s i d a r  to the avsrage composition of four samples from Chichagof 
Island repartad by Buddington and C h a p i ~ ~ . ~  The same authors lo 

tabulate la p p  of several sodic rocks from southmstern Alaska 
that are minera10gicaLTy similar to the mdic rocks of the Chichagof 
m i n ' i  district. 

The larger amounts of quartz and potash feldspar and the smaller 
mou11te of hornblende, biotite, apatite, and magnetite in the albite- 
baring mk~ suggest that they were developd by n o m l  mgmaticl 
differentiation. Furthemore, them appears to be no relation between 
amount of crushing and content of albite, as might b e@ if tlie 
sodarich rocka were due to alteration by late magmatic emanations. 
Albite-bearing veinlets are scarce in the albitic rocks. No evidence of 
replacement of quartz by albite mas noted, and no soda-rich amphiboles 
were recognized. 
On the other hand, in carhain features the albitic rocks are rerninis- 

mnt of the albite granite near Sparta, Oreg, This granite is generally 
considered to be of replxement origin, as dexribed by Gilluly .fl The 
featurn include the replacement of andesine by networks of albite 
whlets, m n ' H ~  one thin section only; the presence in alhite crystals 
of clear outer eon- and cloudy, altered cares ; and the pneml pmenoe 
of the albmtion +ard epidde or a. clos~ly related member of that 
P P .  

The p d i l i l t y  that the albite of the intrusive rccks is due to the 
~mimilation of albitic mb of the oider p n s t o n e  xhist, is attractive 
in that it would explain the distribution of the soda-rich mnH near 
the contmts. The mks of the greenstone schist, however, are rich in 
ferromagnesian minerals, in which the albitic mlm are relatikly poor. 
' Hornblende diorite, apparently typicnl of much of the rwk of the 
diorite group, crops out on the r i d p  northeast of the long lake at 

P Buddi~ptOn, A. B., and Cha~ln, Theodor% op. dt IBnU. 8001, P. 212. 
"Idem, p. 213. 
UGfllm, James. Beplacement adgin of the alblte granlte near Smrtn. W.: TJ. 8. 



the northern border of the district. About 60 p m n t  of the rock is 
msde up of irregular prims of andesine as much m about 2 millimeters 
long, which contain about EiO percent of the anorthite molecule. Thm 
prisms are slightly zoned. The rest of the rock is principally horn- 

i blade in rag& p n  crystals, but tl1e-m may be a total of about 8 
percent of biotite and magnetite. The biotite is partly c?doritkd. 
OrthocIm and apatite are sparingly present, the apatite in stout 
prisms. The rock is cut by narrow prehnite veinletg. 

8 
d About, 2 milea enst of the southeast end of Z he lake mentioned above 

the rock is p i & c  biotite diorite. Trains of parallel biotite flakes lie 
in an aggregate of poorly formed cryst~l.ls of quartz and of cloudy 
sericitic andesirre. Epidote, m m j  grains of which have cores of 
allanib, is intergrown with the biotite. A little interstitial orthoclase 
is pmsant Preknite is premnt as lenses in biotite and as veinlets. 

Quartz dio~ite forms the peak 2,076 feet high a little more than 
miles .east and a little ~ o r t l l  of the top of Hirst Mountain. The mineral 
mmgosltion of the rock is a b u t  67 p m n t  mdesinc, 25 percent quartz, 
9 pemnt biotite, 5 percent orthoclam, 3 percent magnetite, and 1 per- 
cent hornblende. The andedne prisms are about 2 millimeters long, 
am zoned, and rare partly wricithd. The outer zones are clear. The 
rc& contains a little apatite. The quartz p i n s  are c m d d ,  and the 
biotite flakes are partly altered to chlorite and prehnite. 
From the western tip of the granitic tongue on the ridge about 

1 mile northeast of WhiMripe h k e  was obtained a specimen of 
albite granodiorite. Euhdrnl prisms of albite as much as 3 milli- 
meters long make up about 00 percent of the rock. Poorly formed 
quartz crystals constitute about 25 p.Poent, micmcline 10 percent, and 

3- hornblende and biot,ite 5 percent. Allunite and apatite are accessory 
minerals. 

The albite prisms havs douciy saussuritic mres, apprrrently of 
* albite cornpasition. The cores are surrounded by clear rim tht 

gmde from oligmlnse to  albite. The microcline is clear and entirely 
intemtitial. The quartz is cracked and conhins numerous minute 
vacuoles that give it a milky appearance in the hand specimen. MM, 
of the hornblende has k n  altered to chlorite and epidote, only s 
few shreds remaining. Allanite cores are surrounded by epidh. 

On the hilltop about threequartem of a mile muth of the ea& end 
of the long lake at the northern border of the diFll;rict pe i s i c  albite 
gmnodiorits crops out. About 65 percent of this m k  is albite in 
rounded prisms as much as 2 millimeters long. Qum-te makes up 
a b u t  15 percent, biotite about 10 pemnt, hornblende about 5 per- 
cent, and potah feldspar a b u t  5 percent. Apatite is the principaI 
acmmry.  The quartz and some of the potash feldspar are present 
as an interstitial mosaic of mal l  clear grains, The biotite is in con- 
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tort4 stringem end has been partly al-d to  chlorite, epidote, and 
titanite. Some of the potash feldspar forms veinlets md rims amland 
dbite prisms. P p t e  is present. 

AGE 
? 

The main diorite mwes  on Chichagof Island have long been cor- 
mlated with the Coast Range batholith, which is believed to have 
been intruded late in Jurassic or early in Cretaceous time, (% L 

p. 50.) However, the intrusion of many cubic miles of magma to . 
form the large and mall mmses now called the Coast Rmge bath- 
olith and its satellites may well have mupied a considerable span of 
geologic time. It is possible, therefore, that detailed evidenw at 
any place may indicate a somewhat different age for a granitic rock 
there than for one at anokher place and that the two may still be 
genetically ~30mIated. 

Bodies of the diorite in the Chichagof mining district reach, so 
far as is known, up into the Iower part of the schist. Thousands of 
relatively h e  grained dikes believed to be genetically related to the 
diorite cut the pywacke.  Thus, if the somewhat doubtful ago 
assignments are correct, some of the diorite must h ~ e  been intruded 
after the time in the Triassic during which the rwk that now foms 
the whist was laid down. If the dikes are emntidly of the same age 
as the coarser-grained rocks lower in the stratigraphic colwn, then 
the mrtin intrusion in the district can be safely dated as postgmywacke. 
The dikes, however, may be considerably younger than the larger 
intrusive bodies. The writers have no reason to disagree with the 
conclusion of earIier rtuthors that the main diorita intrusion took 
place late in Jurassic or earIy in Cretaceous time. 

A L B m  GRAXFJW AND Q R 4 N O P I m I T f  

T h e  Granite Islands and several other islands, including the White 
Sisters, in the southwestern part of the district are made up of gra 
nitic rocks. Unfortunately the contact between the intrusive rock 
and the p y w a c k ~  that is adjacsnt to it on the northeast was found 
at only two plac38s. At aLI other places the wrt inhrvenw. The con- 
tact was found on the northeast sides of the two northernmost of the 
three larger Granite Islands. The biotite-rich contact metamorphic 
zone in the adjacent graywacke is described on pages 32 rand 54. 

The intrusive rocks of these outer isIands incIude several different 
t.ypea. Diagnostically they are light-colored, locally almost white, 
massive, unsheared, and unaltered. The types include biotite grano- 
diorite, albite-biotite granite, m d  albite-muscovite granite. Because 
not more than one type was found on any one island the relations 
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between the several types are entirely u n h o m  The rocks differ 
from the diorite and associated mh in king of fresher appearance, 
in containing muecovite in most places, in not containing hornblende, 
and in not having gneissic structure. 

r 
A tiny idmd between the Grnnite Islands and Outer Rocks is com- 

p o d  of biotih granodiorite. Its wxtura is jpnnlar,  and the average 
grain diameter is about 3 millimeters. One thin mtion indic~tes 
a mineral cumposition of about 49 percent zoned andesine, 26 percent 

9 
d quartz, 13 percent orthoclase, and 12 percent biotite. Muscovite, 

zircon, apatite, and magnetite are accessories. The biotite is slightly 
chloritlzed. The andesine is irregularly zoned md is partly replaced * 
and veined by oligoclnse. The rock contains a littIe mymekite. The 
feldspar is slightly altered to saussurite. 
The rock of the most southerly of the White Sisters is a medium- 

grained biotite-albite p n i t e  of granular texture. It is made up of 
about 95 percent potsh feldspar, 34 percent rtlbite, 24 pemnt quartz, 
3 percent biotite, and 1 percent each of muscovite, nllanite, zimn, 
and titanite. The pobsl~ feldspar includes ezicropertl~ite (albite in 
orthoclase) and microcline-micro pert hit^ (albite in microeIine) . The 
microcline-mimpefite in plaws farms an outer zone on a core of 
microprthite. Muscovite occurs in ragged flakes and in clase nsao- 
eiation with biotite where that mineral is in contact with microcline. 
Euhedral prisms of albite are clmrer than the crystals of potash 
feIdsprtr. Myrmekite is present on tho bodem of albib crystals. 

Specimens from the island about half a mile northeast of the north- 
ernmost of the Granite Islands and from the tiny island about half- 
way between Black Island and the White Sisters are n e d y  identical. 

*% They are medium-pined albite-muscovite granites. They contain 
about 42 percent of albite in clear, weI1-formed crystals, 30 percent of 
quartz, 20 pemnt of cIoady microcline, in part perthitic, and 8 per- 

'5 cent of mumvite. Accessory minerals include gnrnct and titanite. 
Microcline has replaced nlbita in irregdar stringers nnd is in part 
intergrown with muscovite. 

ACtE 

The freshness of the granitic rocks of the islands and their lack 
of gneissic structure suggest that they are distinctly younger than 
the diorite in the northeadern part of the district. 

Them fresh intrusions are younger than the grsgwacke, as is shown 
by the presence of 6f.h~ contact-metamorpl~jc zone. As pointed out in 
the pamg~aph on age of the diorite, tlmt rock is younger than the 
schist, but it is not definitely known to IM younger thxn t.he gray- 
w w h  This adds perhaps a little strength to the contention thrtt 
the intrusive rocks of the southweskrn part of the district are prob- 
ably younger than the diorite of the northeastern part. 

81283141---4 
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Some W e r  evidence is furnished by the work of Overkk.  
although it depends on the lithologic correlation of separ~te intrusive 
masses a considerable distance apnrt. Overbeck " mapped a nearby 
round, stocklike mass of granite around Lake EIfendahl, nbout 14 
miles north of the White Sisters. He says; '" 
The rwh of tbIP M y  a& verf light in color and are of rerp coam grab. 

They are mmewhat weathered but o t b e m  are not greatly altered. They dlffer 
from the other granites of the reglon In  their coarseness of grain, their light 
color, their uniformity En character, and In the tact that the alkali feldspar Is 
orthoclase instead of dbite. 

Exmninatioli of one of Overbeck's thin sections cut from the F Q C ~  

of this body and on file in the Geolo~cal Survey showed the pres- 
ence of biotite and muxovita but no hornblende. 
The shape of the h d y  mapped by Overbeck implie  n relatively 

late age for its intrusion, as it is not elonpied roughly parallel to  
the ge~lernl structurnl trend, like most other bodies of the diorite. 

The rocks of the Chichngof mining district are cut by many dikes 
that have a. wide distribution thmnghout the district. They are 
present in all divisions of the bedded MGks horn the oldest to the 
youngest. They have a considernble range in size but are generally 
small in areal extent and hence are not shorn on the geologic map. 

The dikes also have a wide range in chemical and rnineralogicd 
composition and in texture. They are divided somewhat unsatis- 
factorily into two general groups-fine-grained l ighbcolod dikes 
and lwnproplryre dikes. 

r 

O c c ~ m  and wleth.--The. he-grained light-colod dikes 
C are by far the mow. abundant. These dikes am umnlly ealled "aplite" 

Iwnlly, bat Inany of them differ somewhat from true nplite. They 
am common tliroughout the stratigraphic sequence but appear to be 
particularly nmnerous in the schist and in the lower part of the 
p.aywacke, They are present at practically all the mines and pros- 
pects in the district. There seem to be fewer of them in the upper 
part of the graywacke formation than nt any other horizon in the 
stratigrapllic wction. None of the light-colored dikes were noted in 
the granitic rocks of the district, but the writem are reluctant, with- 
out further search, to assert that they are not present there. 

Ttte dikes are fine-p~ainad, and cmknon colors include pale yellow, 
gray, or green. A few dikes included in this group a& relatively 

W Oaerkck, EL. Y.. Cfealam and mlneraf resources o l  the went wmt of Cblch*gof TiIand : 
U. I. Owl. Sorwj Bull. 692, pl. 2, 1917. 

1' Idem. p. 110. 



dark gray or dark greenish gray. Flow banding was man in the 
d h  in a few places. 

d k  range in thickness from a few inchas to aeveral hundred 
feet. Many of them could be traced for only short distances, bcause 
of cover or because of interruptions due to f~ulting. A faw were 
t m c d  on the surface for several thousand feet, and ~ o m e  of con- 
siderabla extent am visil.de on the airplane photographa, (See pl. 
10, B.) One of the largest racognieed is the L'footwall dike" in the 
Hint-Chichagof mine. (Ses pl, 19.1 

At most places the contacts of the dikes against older rocka are 
sharp and dean-cut. At a few pI&s, principally seen underground, 
the contacts are blurred by Jteration of the intruded rocks or of 
the dike and the intruded rocks. Inclusions of wall mks in the 
dikes am common locally. Most of thaw inclusions htlvo been greatly 
a l t e d  but are easily distinguishable by their much darker color. 

The dikes are all altered rocks. Such pmeswa as chloritization, 
mricitizatian, albitization, silicification, and carbonathation have all 
been very sctive. Diffarent proasses have been ~ e l ~ t i o e l y  more ef- 
fective nt different places. The; altoration of the dikes is further 
considered in the section on metamorphism (p. 55). Silicified dike 
rock is commonly readily m g n j z e d  by ilts cherty appearance and 
very light color and has been distinguished from unsilicified dike 
m k  on many of the mina and prospect maps. The bodies of dici-  
6ed dike rock appear to be irregularly 'bounded mrrsses many feet in 
greatest width within less sltemd dike m k  

The p e n  color of  many of the dikes appars to be due to chlorite. 
In general the more chloritic mks are poorer in quartz and the 
lighter-calored, less chloritic rocELs richer in quartz. The dikes locally 
are oxtensimly sheared, and the darker green of the sheared rock is 
pmibly due to the smearing out of chlorite on t h ~  shear eurfaces. 
At many places the rock contains well-formed cubes of pyrite, and 
l m l l y  these rrre abundant. At a few localities, notably at the Bauer 
pmqmt, on the south side of Herkt  Grravas Island, and at the 
muthemost of the Woll prospects, on the west side of Lake Anna, 
crystals of ammopyrite, a FW&M with pyrite, are abundant in the 
dike m k  nnd in quartz veinlets that run thugh  the rock. 

Recause af the wide differences in mineral composition that pprob- 
ably e x i s t d  originally among the dikes and because of the several 
alteration processes that have acted on them in a mmplex manner it 
is difficult to subdivide the dikes inh groups based on such features 
as mineralogy, stage of alteration, or texture. In order to sy~tem- 
stim the discussion, however, the commonly found fme+pined light- 
colored dikes dwcrihed below are divided into a pyroxene-albite group 
and an albih-quarta p u p .  



44 CEICHAGOF MINING DISTRICT, hLA6Hh 

D h  c h t & &  by pyrumm a d  albite.-A few dikes contain 
remnants of pymxene crystals. In these am emhided e tout prisms 
or long laths of pIagiwlase that is now albite. Most of the pyroxene 
bas been altemd ta chlorite. Considerable leucoxene has been ds- 
veloped. Calcite, chlorite, and albite fill fractures in the rock, 

Some dikes are relatively rich in albite and porn in the interstitial 
chlorite, which presumably was derived fsom pyroxene. Soma show 
wnsiderable crushod rock, commonly accompauied by calcite. The 
caIdte was apparently formed by the replacement of other con- 
stituents of tlie rock. 

1332e8 chmcle&d by &&% and pmtz.-The di~fgnwtic featurns 
of the dikes characterized by albite and quartz are a large amount of 
albite, a considerable amount of quarts, and a relatively light color. 
The texture of the dikes varies widely. These are the most abundant 
dikes of the district, and the most abundant of these are dikes contain- 
ing about 60 to sbou t 80 percent of rough1 y ttxbuEar but poorly formed 
albite crystals. Quartz, also poorly formed, is int~rsti t id to the aIbite. 
The p i n  size of the rock is ctlmmonly a h n t  0.5 millimeter.  hall^ 
a m  present albite phenocrysts as rnncl.1 as 4 millimeters long and 
chlorite and leucoxene psmdomarphs after some dark mined.  
Quartz, chlorite, calcite, rtnd ~ r j c i t e  are common replacement minerals. 

A dike that cuts a large xenolith near the enstern border of the 
district northeast of Rust Mountnin contains phenocrysts of albite 
md quartz ss much as 4 millimeters long. 73-  crystals are s t r i n d  
and deformed. The groundmass, which hns a sugary texture, is com- 
posed of quartz and albite. Spame sccondnry minerals sm chlorite 
and ~ericik. 

A small hegrained dike in the Hi&-Chichagof mine contains albite ,I 

plates about 0.2 millimeter across in a microcrystalline pundmass of 
albite, sericite, and calcite. Quartr, mtile, and pyrite are wcondary 
minerals. The amount of primary quartz appears to be smaf 1. I 

At the Cobol prosped, on Island Cove, Slacum Arm, southeast of 
the dishkt as mapped [see pp. 139 and 1405, is a dike containing a 
large amon& of quartz that  forms an aggregnte of rounded g n i n s  in 
which m embedded albite laths. Secondnq minerals incIude quartz. 
chlorite, sricite, and leucoxene. The m k  of the cherty-sppearinp 
lenses in the Iimestone norkh of Whitestripe Lake (tee p. 23) is similar 
to the dike on Island Cove. 

The Iarnprophyre dikes of the district are much less abr~ndant than 
fie he-grained light-colored dikes. Hpwever, as they are much 
darker and do not contrast as mnspi~uousIy with the wall reeks as the 
light-colord dikes, they may be more abundant than was recopizecl. 
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One lamprophyre dike cutting diorite in the northeastern part of the 
district was o h w d .  Flow banding is well displayed in a dike sev- 
eral feet wide along the, shore of tile Tahna  Peninsula between The 
Gate and Double Covc. 

r The lampmphp dikes are C ~ W R C ~  erized by an abundance of small 
prisms of hornblende. These commonly constitute about 40 percent 
of the m k  and atbin lengths of a b u t  2 millimeters. About 45 per- 

* cent of the rock is albite in prisms cloudy with alteration products. 
0 The h k m t i c e s  between the albite and hornblende crystals are filled 

with chlorite or epidota. Magnetite, pyrit~, and titanite are common 
accemry minerals. Alteration minerals include calcite rand prehnita 

AWE OF TEE DIKE ROQlLB 

So far as isknown the relations to older rocka of both the fine-grained 
light-colored dikea and the lrtmprophyre dikes are the same, but be- 
cause of the greatex abundance of the fine-grained light-colored dikes 
the evidence as to the geologic age comes principally from that group. 

Many of the dikes cut roclcs of the gagwacke formation and henee 
in general the dikes are younger thnn thnt formation. The p s i -  
bility that some dikes in the older rocks may have been intruded prior 
to the deposition of  the p y w a c k e  cannot be completely rulsd out, 
although it is thought unlikely. 

Because only a few dikes mere seen in the mnthwestern part of 
the district near t.he albite granite and granadiorite and because they 
are much mare abundant fadher northeast, they fire believed to  be 
genetically related to the diorite of the northeastern part of the dis- 

** trict and are thought to hnve been intruded during or after the in- 
trusion of the diorite. (See p. 40.) That the dikes were intruded 
over a considerable time interval, during which the mcks were being 

4 
dn~cturaIly deformed, is clearly evident. Many dikes are older thm 
many faults and are cut by the faults, as is shown on many of the 
maps rand diagrams of mines nnd prospects. Other dikes are younger 
than some faults and have been intruded along the faults. Such 
dikes wera seen at the Cobol prospwt, on Slocurn A m  (see pl. 331, 
and nenr Elf Cove on Ford Arm. At the Cobol prospeck renewed 
faulting has sheared the dike. The small dike at the Kny ore shoot 
in the I-Eit3t-Chichagof ]nine (see p. 107 and p1.23) mas intruded nfter 
the deposition of vein quartz along a fault. At the Woll prospect, on 
Lake Anna, and at a few other places sulfide minerals in d i k ~  have 
been smeared orlt by later fault movements. Thus dike intrusion, 
faulting, and qunrtz deposition appawnt2y all went on conmmihntly 
during a relatively long time intern1 after and possibly in part 
during the mnin period of diorite intrusion. 
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OLACXAZ, MORMRE 

Over most of the Chichagof mining district, ice action has resulted 
in the removzll rather than the deposition of material. Scattered 
morainal depmits are pmsent at many p l m  in the coastal-plain part 
of the district. These appear to be ma11 md thin. Most of the ice- 
depohited material on the c o a l  plain is probably related to the 
older, ice-cap glaciation. The material is, at least locally, partly 
weathered. It is unsortPd, Js mostly poorly rounded, and oontains 
many bouldera of granitic rock. A great deal of rock detritus must 
h a ~ e  been carried over md scraped from the coastal plnin and other 
parts of the district. The lack of any considerable quantity of such 
material within the district shows that. most of it hag h n  dumped 
into the sea or deposited on parts of the constal plain now below 
eea level. 

The lrtrgest accumulations of glacinl mornine within the district 
are in the northeahm part, around the heads of Black River, Goon 
Dip River, and the streams t.hat drain to Goulding Harbor, LiGansL 
Met, and Hoonah Sound. This nmn covers pnrt of the main divide 
of Chichagof Island and represents a local ice field that lay for a 
long time after the disappearnnce of the main ice cap. (Sea &ion 
on GeomorphoIogy, pp. '7677.) 

n i s  material, which wns not everywhere differentinted from alla- 
vium, is tgically morninnl. It is bouldery, unsorted or pmrly 
mrted, and mostly unstrntifid. It mns obwrved to rench at least 
50 feet in thickmess and in some places m y  be much thicker. The 
material is such as muld have been contributed from local bedrocks, 
but some of it mag have been brught in from the northenst by the 
extensiae ice cap. 

Smaller deposits of morainal mnterinl, mainly boulderg, nre present 
a t  other places in the district, but most of them either we not shown on 
the map because of their small size OF are not differentinted from a m -  
ciated dopayits of alluvium. Such deposits are common in the higher 
mountnin passea of the district. nnd are peesl~rnecl to haw been left 
when the ice cap r e d d  from this part of ClGchapf I s l ~ n d ,  

Small morainal aocumulntions are present also in certain places nlong. 
the present  valley^. Typical among these am depsits nrot~nd Rust 
Lake, along the lower pttrt of the stream that empties into the head af 
Klag Bay, dong  the creek that drains Whitestrip Lake between points 
about half a mile and about 1 mile 'below tb lake, in the  allay of' 
h n  Dip River and the valley of the mall dream that enters it 
from the southeast east of Goon Dip Mountain, and in the vdleg about 
half a mile upstream from the head of Pinta Bay. The momine was. 
differentiated from alluvium at  several of these localities. 



Deposits mch as those mentioned in the preceding paragraph were 
left by valley glaciers that mere active in the district after the xwtre~t 
of the rnnin ice cap. Similar deposits are conspictlously absmt from 
the m a h  valleys in the district, dthough these are b l i evd  to hnvc con- 
tained valley glaciers that heded in the local ice field in the n~rt~heast- 

f ern part of the district. The suggestion is offered that the large quan- 
tities of water liberated during the Istermmelting of the lwnl field 
coursed d o m  the mnin valleys in streams so vigorous that they w r e  

3 able to rework or remove the moraines of the preexisting valley 
glaciers. 

As the Imal ice field shriveled and disappeared the mltterinl con- 
tained in it, which wns 1argely or entirely contributed from the =IT- 
m~mding mountains, was not romored but was deposited as a moraine 
after being tran~prted for only short dirstances. 

T h e  main ice cap of southeastern Alaska is commonly believed Eo 
have existed in Wisconsin time, the last great stage of the Pleistocene 
epoch. The sparse deposits left by the mmin ice cap, principally on 
the c o b 1  plain, are therefom pmbably of Wimnsin ~ge. The de- 
posits left by the dwindling and dimppenrance of the 1 0 ~ ~ 1  ice field 
in the northeaskern part of the district are younger and may be rts 
young as Recent. The local valley rnorninecr are ~tpproxirnately cnm1- 
ative with the moraine of the local ice fieId. Small ice fields and TRIIRY 
glaciers still exist in the higher parts of Chichngof and Rnrrlnof 
Islands and are depositing morainal material today. 

Volcanic ash, pmrmably from the crater of Mount Edgecumbe, on 
.% h m f  Island, near Sitka and about 45 miles southesst of Chichagof, 

is widespread in the Chichngof mining district. At mmy plnws 
the k11 has been removed hy wwnt erosion, and a t  other phws i t  

f has been cmied from the slop~s end divides to  form thicker accu- 
mulations in the valleys. It is prcsent over much of the eortstal-plain 
part of the district as a blanket that on the average is p r h ~ p s  6 
inches thick. Nearer the volcano, on Knstof Island, the afih r a a  
o w  to be much mare sbundant, and Iocal reports we to the 
effect that it h o m e s  increasingly abund~nt as Mount Edgecumbe i s  
approached. 

The ash is light, soft, and flufly and is hff or reddish gellaw. The 
color apparently is due to hydrated oxides of iron., When wet. i t  
forms a slippery, soft mud. The material d m  not appear to furnish 
much nourishment to plants. At rnmy place along cut banks, 
where trees have fallen over, and st other exposures &e trees ~ n d  
ehrubm am sm to have little if any mot system in the ash but have 
deve1oped their roots either above or bdow the ash. The ash is mado 



up largely of angular glass fragments in which flow lines and small 
gaa bubblm am mmmon. The index of mfractian of the glass is 
nbout 1.52. Angular fragments of q ~ ~ a r t z  are common, md some 
other minerals such as feldspar and hornblenrfe were noted as minor 
constituents. 

The rrsh is pIainly younger than the most recent morainal depsits 
that were seen, ss it everywhere lies on top of the mor~ines. 

XrnuVnJM 

Deposits of sand, silt, and gravel are widely distributed in the 
district but are mostIy of m a l l  extent. Many of them are tcn, smdl 
to be shown on the geologic map. T h e  largest, deposits &re those 
alopg Blnek River and its large tributary that enters from the east 
south of ETirst Mountain and along Goon Dip River. At gome 
places mataria1 shown as alluvium on the map includw a h  some 
gIacial moraine. Small deposits of alluvium are Kidcly distributed 
along the beaches, but none are l a g s  enough Ito nap. The larger 

.streams have carried considerable quantities of relatively fine sedi- 
ments into the salt wnbr nnd have built deltas. (See pl. 7, B.) 

Cut banks in alluvium along the larger streams almost invariably 
expose a section that is mnde up of finer materid above, underlain 
by gravel, During the waning .of the local ice field and the valley 
glaciem the streams pmhbly cnrried much more water than they 
do now and hence were then depositing coarscr material. 

When visitd in 1939, Rust Lnka had been lowered considerably 
by the drawing ofl of water for thc power plant on Sister Lake, and 
ssctions of uncunsolidated material were well exposd around the 

.I 

chores. h l l p  two kinds of c t y  (both apparently v a d }  were 
exposed. The lower clay is p n i s h ,  is sam~what distorted, and is 
tilted toward the lake. The upper clay is gray, undisturbed, and 

Z 

apparently horizonta2. 
Cut banks are numerous aIong Runt Creek in the alluvial ares 

just ah\-e  the lake. At one place the lowest material seen consists 
of poorly sorted, poorly rounded fine p v c l  and very coarse sand. 
This is overlain by 2 feet of dark-gray sand, silt, and mud in which 
a1.e developed the root systems of the present plants, The lower ma- 
terial contains thin carbonaceous streaks, local peat I~yers, and lenses 
a few inches thick that are stained rusty brown by limonite. 

I n  the valley of Rust Creek above the point where it crosses the lime- 
stone are severaI well-developed terraces that lie as much as abut  20 
feet above the present valley floor. These terraces may tm rslakd 
not to any widespread sequ~nca of erosional and depositional events, 
but to the establishment of the p m n t  course of Rust Creek a c r m  
the limestone through a l imeshe  cavern. (See p. 23 and pl. 6, A , )  
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SU-Y OF AGE OF T m  ROCgS 

It. has long hen known that the M d e d  rock of the western part 
of Chichagof Island, including the Chichgof mining district: am 
readily divisible into hwo'belts of different a@. The eastern belt, next 
to the main mass of granitic m k s ,  is cornpod of greenstones, ~ h i s + t - ? ~  
nnd other m k s ,  and El18 western belt is largely g r a y ~ a r k c . ~ ~  

L% far as the writers know, no determinttble fossils had be11 found 
in the rocks of the oldel; eastezm belt prior to 1938, In that yearmme 
fossils were collected from Kruzof Island, south of Chichagof Island, 
by an smpIoyee of the Hirst-Chichagof Mining Ca. Time fossils 
indicated, on determination by J. B. Reeside, Jr., of the Gmlogicd 
Survey (see p. 30), that some of the rocks in tlht vicinity are lime- 
stone of Upper Triassic age. The rocks from which the fos~ils cama 
have not been definitely correlated wit11 any of the rocks of the older 
belt in the Chichagof mining distiict, but it is thought that t h ~ y  
represent part o f  that belt. 
In 1939 a few poorly preserved fossils were collected from lime- 

stone float in the belt of older mcks in the Chich~gof mining 
district. These were sornen~llat doubtfi~lly assigned by Mr. Rppsido 
tn the Upper Triassic. (See p. 30.) 

The Wrights l"1ieved the m k s  of the older belt to be &'upper 
Carboniferous" and in a table listed them as Permian to Pennqlva- 
nian. Overh~k, '~  on t,he other hand, tentatively correlated these 
rocks with some rocks of Grrtvina Island, near Ketcl~ik~n, which 
Chapin believed to be Upper Triassic or Jurassic. Buddington nncl 
Chapin " on a compiled map of wuthemtern Alaska show a band of 
Paleomic rmks between the batholith and the Sit.ka belt of Mesozoicr 
mcks. 

The writers Gelie~e, from the evidence given above, t,hat nt least 
part and perhaps all of the mks of the older belt are Upper Tri- 
assic. Some mny be older. 
The WrightslB "believed the belt predominantly made up of p y -  

wacke possibly to be Permian. Knopf,'* on lithologic similarity 
and degree of rnetnmorphism, thought that the belt might, be l ~ t e  
Jurnssic or eerlp Cretaceous. On the basis of fossils co1lgcte;d on 
Slocum A m  a probable Upper Jurassic age is assigned to the g r q -  
wacke by Overb~ck.~O It is the writers' understanding that the G o -  

Wright, F. B. nad C. W,, The Retcblkan and W r m W  mlnlng dbtricta. AlaPa:  U. 8. 
Wl. Burvey Bull. 847, a. BR, 19OR. Kaopf, Adolph, The Mtka rninin~ dl8lMtt, Alaska: 
U 8. Geol. Survey null. 604, g. 15, 19OQ. Overbeck, 8. Ed., Geolopg. and mln~rr l  mourcen 
of the west coaat or Chlclugo? Ialand: U. 8. Geol. Rurvey Bull. 642, pp. 95-109, 3P.17. 

Y Wright, P. E. and C. W., og. elk. (Run. 5471, pp. 33, 87. 
Overbeck, ll. Y., op, clt. (Bull. 802). p. 100. 

1'Buddin~ton. A. F., &ad Chnptn, Theodore, op, clt. IBulI, ROO), PI. 2. 
-Wright, F. E, and C. W., OF. dt. (Bull. 347), p. 35. 

Knopt, Adolph, op. clt. (Bull. 504), p. 14. 
Y Ove~*Mek. R. M., op. tit. (null. BPZ), p, 108, 
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IogicaE Sum9 paleontologists now believe thrtt the particular fossil 
on which the detarmination was made (a form related to AmeZk 
JiBGAmhm) is found in both Uppar Jurassic and Lower Cretaceous 
mh T. W, Stanton, who made the determinations far Overbeck, 
recognized the doubtful nature of t,he a p  assignment and mid in 
his report, distinction btween Jurassic and Lower Cretaceous 
on the basis of Atkce?la alone is not always safe." 
Some of the material mllmtd in 1938 on h o f  Island that wan 

given to the writers (see p. 35) contains fossils (r'erebel2in.a p a l &  
and A w l b  msicoZZis) that indicate definitely a Lower Cretaceous 
age for the graywacke there. The grawcke  of the Chichagof min- 
ing district is therefore dehit8ly Mesozoic and is believed by the 
writma to be h w e r  Cretaceous. 

Several geologists have correlated the dioritic m h  of Chichwf 
Island with the Coast Range batholith and expressed the Wief that 
they were intruded late in Jurassic or early in Cmtamua time.*" 
As the graywacke is definitely intruded by the batholithic mcks 
along the west coast of Chichagof Island they must havs been in- 
truded later in I=retzumus time than the Lower Cretaceous (1) mks. 
T h e  p n i t e  and grandiorite of the southwestern part of the dh-ict 
am believed to be younger than the diorite and associated rocks but 
how much p m p r  is not known. 

In a, broad way all the roeh of the district have been somewhat 
metamorphod. Seven1 types of metarnol-phism have occumed, 
Dynamic metamorphism, due to lateral compression and shearing -? 
of the rocks, Fas widespread. Near the larger bodies of intrusive 
rocks them has been considerable igneous metamorphism. Farther 
from the intrusive rocks, commonly near faults or other channel- * 
ways, the mcks have been afiected by hydrothermal alteration due 
to heated solutions that were presumably deriTred from the intrusive 
rmks. T h e  study of the metamorphic history is dificult because 
of the omrlapping in large areas of several types of metamorphism. 
The type of metamorphic rock depends not only on the kind and 
intmsity of the metamorphism but also on the eampetency, chem- 
ical composition, and geologic environment of the original rock 
In the Chichagof district the zonw of equal metamorphic in- 
t~nliitp apparently  re parallel to the trend of the formations. 
This fact renders it difEcult to discriminate between changes due 
to diffemat deg~ees of rnetamorphim and those due to original 

~ K n o p f ,  bdo~ph, op. dt. IBmU M I ) ,  P. 16. Orerbtek, R. H., a. *it. (BnlL 8921, PP. 
1Q9. 110, and 297. Boddlagton. A. E, and Cbnpln, Theodore, op. dt. (Bull. 8001, pp. 
185-I$@. 252-253. 



lithologic diffemces. However, certain broad features are apparent 
.and are the basis for the following discussion, which is divided ac- 
"cording to the most Teadily recagnized features into ( a )  dynamic 
metamorphism and ( b )  igneous metnrnorphism including hydro- 

1 
.thermal alteration. Each of them is subdivided so far as the 
information permits. This area, is an tittrsctive field for the 
further study of metamorphic processes. 

The lower part of the greenstone-schist spquence contains much 
sedimentary material, which is not as competent ns the overlying 
massive lava flows and would therefore be expected to be more af- 
fected by dynamic: metamorphism. The igneous metamorphism due 
to the nearby large mRsses of diorite appears to have obscured any 
strmcturd changes previously produced in th= mcks. The rela- 
tively competent lava flows of the upper part of this sequence and 
sf the overlying greenstone have been little affected strl~cturally 
by the dynamic metamorphism. 

The limestone is much thinner nmr Black h e  than it is eitbcr 
to the northwest, near IVhjtestripe Lnl;e, nr ta the southeast, near 
Rust Lake. Tile thinning is believed t o  br! due, w t  least in part, 
to plastic flow in response to differential pressure (p. 22$, The 
limestone is notably thinner directly opposite the marked bulge in 
the contact between the graywacke and tht! schist. (See pl. 3.) The 
underIying thick sequence of massive lava flows appnrenltly ncteil as 

3 a, rigid foundation for the retativel y thin limestone and prevented ib  
deflection from the general trend. 

The thinning of the mhist in the central part of the area and the 
-deflection of its upper contact were appmrentiy due to the same difler- 

3 .entiaI pressure that is believed to hare squeezed out the underlying 
limestone. Exceptionally intricnte crumpling and contortion were 
-observed in theincompetent mcks of Mount Lpdonia and Mount Free- 
burn. The rocks of these areas nre believed to  have been forced plas- 
tically from the %ion of higher p m u w ,  where the formation is now 

-thin. In the incompetent strata of d ~ e  schist formation the small brittle 
beds of quartzite and quartz veinlets have heen locally broken into 
-small fragments, htween which has flowed the more plastic, schistom 
-matrix. Possibly some of the thin le~ les  of Iirnsstone northeast of 
Ihe top of Mount Lydonia (m pl. 3) are stretched and ilistortecl frag- 
ments of beds originally much thicker. 

The whist sequence, especially southeast of Black River, is more 
intricate1 y faulted than nny other formation (pl. 9). This may be due 



ta the mnsidemble differenaes in the c~~1-a of the w d o w  rmb 
of the sequence. Such differences are favorable for the splitting and 
branching of faults. 

The massive M s  of the gapwacke were little affcted by dynamic 
metamorphism. The shalp papw~cke hns In places a slaty cleavage. 
h a l l y  this clenrage diverges from the bedding by an angle of as 
much as 20". Such diverpnces were noted particularly along the west 
side of OgcEen Passage, south of Duck Islund ; near the Baney prospt, 
nn Elbow Passage; 2nd nenr the southenst end of Sister Lake (p. 60). 

m E h L 0 0 1 C A L  CRANQES 

me mineralogical changes produced by dynrtmic metamorphism on 
the rock units of the district are taken up below in the order of the 
ijtratigraphic succession of the rocks. This order is not that of either 
increasing or decreasing htensity of metamorphism, because the in- 
tensity of the metamorphic change at any place is a function not only 
of the stress applied to the rock but ~llm of the competency of the rock 
to withstand the stress, a d  of its texture and mineral composition. 
The less competent rocks, such as the thin-bedded schists of the schist 
formation, are tliose which have bccn most markedly modified by 
dynamic metamorphism. 

The sediments and ignmus rocks of tdae lower part of the greensbne- 
schist have bean so greatly altered by: igneous metamorphism that little 
can be said abaut any mineralogical changes due to dynamic meta- 
morphism which they may 11nve ~mdergone before the intrusion of the 
diorita The massive, comptent lava flou~s of the upper part of the 
f omation httw resisted dynamic metamorphism. The new minerals 
developed are chirfly chlorite, calcite, epidote, and leucoxem. U t e ,  -* 
which is the common feIdspar of thee rocks, may be due largely to the 
dynamic metamorphism, as nlbite is a normal product of low-intensity 
rnetmnophism of such basic igneous rocks. Tha albite is commonly C 

accompanied by lime-bearing minenllls, such as calcite, or minemls of 
the epidote group. However, in the helocal presence of albite-bearing 
rocks without lime-baring metamorphic minerals there is a srrggestion 
of either the intduction of d a  or the removsl of lime. 

The dynamic metamorphism of .the gmnstone formation is similar 
to that of the greensto~te of the peenstone-schist just discussed. 
I n ~ n c t i o n  of soda seems less likely as an expl~nation for the albite 
in tbis younger formation, because lime-haring minerals, presl~mabIy 
derived from cdcic plagimlase, are widespread and abundant. 
The limestone contains qunrte (p. 24), which shows no rettction 

with the calcite. Had the limestone been subjected to ipeous 
metgmarphism the quarfs probably would have reacted with the 
calcite to f o m  wollastonite. The i ~hmgllnrly distrib~~ted and scanty 



~narbleization of the limestone (p. 14) is not understood. It may or 
may not be due to dynamic metamorphiem. 

l 'he grade of metamorphism in the sehistose rocks of the achist 
sequence has only a mall rnge .  Diffemnms in the rmks nre due 
chiefly to differences in chemical composition. The characteristic 
metamorpl~ism of the graphitic mica whist is that of the su-cslled 
chlorib zone. Chlorite and muscovite are d m l y  assoeiaterl. AP- 
though these rocks lack biotit,e, small gnrnets are present locally. 
Harker 2P has pointed out that in some arms garnet is pmsent in mus- 
covite-chlorite schisL4. In the penstone schist of this q n c e  the 
nletamorphism is charactorie~d by albite, epirlote, and chlorite+ Some 
of the rocks contain tremolits and sodic amphibole. The degree of 
metnmorplxkn is the same as that in tbc associated gaphitic mica 
schist. The purer litn~stons of the wl~lst sequence hm been locally 
rwrystallized without mineralogical change. I n  some limestone that 
contains volcanic material mnction hetwwn the calcareous and the 
volcanic material has resulted in the prdwtion of garnet, in addi- 
tion to the common minerals of the penstolre mhist. 

The chief mineralogical change due to dynamic rnetnlnorphism in 
the graywacke has been the deev~lopment of minute flnkes of sericite 
and cl~lorite, which generally lie in the plane of the fotintion. These 
mimrals have been developed by dynamic metaniorphim in the dikes 
that cut the graywscke cIom ta major faults where the rocks h ~ v o  been 
intensively sheared. 

The discriminntion between dynamic and igneous m~,ttamorphism 
is more dificult in tliose mclrs which have been intensely mcta- 
morphosed. Discrimination is also difficnlt. where igneous mutamor- 
phim has bmn superposed on dynamic and where the igneous rocks 
have bwn intruded under lateral styes,  so that the igneous rocks 
themselves contain metamorphjc mi~e tx l s  and have metamorphic tex- 
tures. In many places the distinction lwtww.n igneous rnetrrrnorphism 
and hydmhmaal alter do^^ is dificult, becnuse t h ~  heat that effected 
the igneous metamorphism mas transferred by means of heated solu- 
tions. 
In the northeastern part of the district the intimate penetration of 

the country rock by magma suggests that at the time of the intrusion 
the rocks of that area must have been nearIy as hot as the rnrajyna. 
The metamorphic nature of these rocks is therefore due partly tr, 
dynamic effects and partly to racryslnllization prd~iced by the 
intrusion. ma mks locally retain trims of foliation und schistnsity. 
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Thorn91 effects ltra s h m  especially in some of the gabbrw ancl 
diabm,  which have been ~ ~ l i z e d  to hornblende-plagioc1a~e 
rccks. (See p. 18.) The texture &nd mineral composition of the  
metamorphosed sandy limestones m d  ealcitreous sandstones (p. 18) 
indicata that their metamorphism wrts due predominantly to heat that 
presumably emanated from the diorite. The progressively more calcic 
composition of the plagioclase in the rocks deeper within the diorite 
(p. I?) indicates that the intensity of the metamorphism increased 
toward tho northeast. The presence of augite in some of the metamor- 
phic rocks, along with labradorite (p. 18), is also indicative of a 
higher grade of metamorphism. 
The aumle of metamorphism in the graywacke adjacent to the 

granite and granodiorite of the southwestern part of the distriat is 
characterized by biotite, which~gives the rock a brownish cast (p. 32). 
The sericitic muscovite found elmwhere in the graywadke is, in this 
mnhct zone, pl'ogressively more coarse-grained toward the contact. 
Some traces of the earlier slaty cleavage remain in the partid orienta- 
tion of the biotite, ff rtkes parallel to the regional foliation. The mica 
flakes therefom preserve in part the orientation of the chIorita and 
sericite from which, they were formed. 

"She secondary biotite in the rocks of tha matact zone is progreg 
aively darker toward the wntact. In the mks near the outer part of . 
ths aureole it iu pale brown, in those nearer the contact it is brown 
with a slight p n i s h  and in those c l m  b the Wte and 
grrtnodiorite it Is deep Feddish brown. 

The more highly metnrnorphosed graywacke of the contact zone 
contains minute crystals of garnet and of chlorite that is possibly 
pudomorphous after chlori t oicl. One specimen obtained near Mir- 
~ w r  Harbor, a few miles northwest of the mapped ama, mntajns 
andalusite and sillhanite, A pecimen forrnd near the p n i h c  con- 
tact on the northernmost of the Granite Islands contains an elongate 
eggxegate of muscovite flakes with random orientation. The shape 
of this a g e g a t e  m~ggests that the mica may be pseudomorphous 
after andalusite. 

AR mentioned above, no definite distinction wae made btwmn 
igneous lnetanorphism and hydrothermal alteration. Hydrous 
mineraIs and minerals clomIy mmiated with hydrous minerals in 
such a, way as to suggest a common origin, particularly those f o m -  
ing late vehdets, are pmbnbly due t o  hydrous emanations from the 
mling igneous rocks. 
In some places, particularly in the greenstones, veinlets a£ epidote 

and quartz are common (pl. 4, A). T'hese may be due to hydro- 
thermal processes, though they mey in part hawe been fonned by 
mpgmtion from the adjacent rock during dpamic metsmorphim- 



The albite of the greenstones and of the diorite may have several 
origins. Some of the albite in the greenstones may be rt normaL 
product of dpamiq metamorphism (p. 52). Same of the albite 
in the intrusive rocks is pmbnbly a normal product of differentiation 

3 (pp. 374). Some albite, however, is believed to be due ta the action 
of lste hydrothem1 solutions. 

Prehnita is emrally attributed to heated mlutions of magmatic 
origin. The diorite and quartz diorite, the dbitic intru~ive rocka, 

4 _- the penstone-schist, the greenstone, and the g r a y w a h  of the 
h i s t  contain considerable prehnik. Prehnite was observd in a 
lamprophyre dike near Elbow Passage. It is a ram constituent of 
the gaywacke near the schist. It seems to  be limited almost ent idy  
to massive, competent rwks not more than 3 miles from exposures of 
the diorik It is a vein mineral, locally with quartz and pyrite, 
and is present also as a he-grained aggregate thnt has r e p l d  the 
rock, 

Portions of the didrite have been veined and replaced by one or 
more zeolites. The optical properti- of sevekl specimens indicate 
t ha t  the most common zeolite is inkmediate between molecite and 
Iamontite. 

Close to q u m  veins the dikes ~ n d  g r a ~ b  have bcen altemd 
hydrothemally, The alteration has resalted in the widespread'de- 
velopment of calcite md chlorite. Sericite is slightly more lctdhed. 
Very close to  the veins, rutile, leucoxene, apatite, pyriu, and amno- 
pyrite am common replamment minerals. Locally, a h  close to the 
veins, are bodios of silicified dike m k  which appear to be irregularly 
bounded mams, the largest many feet across, within the less altered 

3 dike material. The silicified rock is mmonly gray or white and 
cherty-appearing. The end prduct of the silici6cation of the dikes 
is a fine-pained m t e  of sutured, interlocking quartz grains, 

T l w ~ ~ l y  with some cdcite. The m k  is commonly crossed by tiny 
veinlets of somewhat coarser-grained sutured quartz. 

All gradations are found betwften the relatively fresh dike and 
the completely silicified rock. From mks of the int~mediate stages 
i t  can be noted that ns silicificntion proceeded the chlorite generally 
disappeared before the sericite and calcite. The two miner-als la& 
named are present in rocks which otherwise, except for a few plqio- 
clase remnants, have been completely silicified. 

The stmctura1 and mineralogical chmges assmiated with a y l l s ~ ~ G  

metamorphism had F-L common origin and were produced at the same 
time. The significant facts concerning the age of the dynamic 

Harker, A I M ,  Metamorpb!rrrn, p. 134, London, 1992, 
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metamorphism sm srtmmarized below. Tbe conglomerate in the 
pywacfre formation contains fragments of mks re~mbling some 
rmk types in the schist sequence (p. 34). Many of the fragments 
jn the graywacka (pp. 32-33) are of ~ninernls and m k  types com- 
mon in the older rocks. Albite is particularly abundant, If this 
feldspar was albite before its deposition a9 clastic fragments in the 
gmywmke, as appears likely, then metamorphism of the rocks from 
which the f r a p o n b  were derived was earlier than tlla deposition 
of the graywacke. The age of the dynamic metemorphism may not 
be very differelit from the age of tile diorite, which is in part 
gneissic. The contact motamorphiam must be of the same geologic 
age as the intrusive rocks that producedl it. The age of tlie hydre- 
thermal alteration must be nearly the same as that of tlie quartz 
veins with which it is associated, which in turn are of nearly the 
some age as the light-colored dikes. (See p. 45.) 

The evidence ~t forth above and the age of the diorite, albite 
granite, and gmndiosite (pp. 4 M 2 )  s n g p s t  that at leaat some dy- 
n&c metamorphism of the scllislt nnd older ~ w k s  took place prior 
tothe deposition of the graywacke. If this is true the granitic locks 
of the district must be of two distinct agm nnd their diffe1y:nos in 

must be st lewt the time required for the deposition of tlie 
graywacke and its folding to its present positiotl. 

The Chichagof mining district lias principally in a belt of mks, 
that ia believed to be in large part Mesozoic and that has been 
called the Sitka Mesozoic belt, which extends far many miles along 
the wmt masts of Chichagof and Baranof Islands. Within the dis- - 
trict them beddod rocks extend nartheast.ward (down the strati- 
graphic column) to a large mrass of diorite that is part of the main 
granitic core of Chichagof Island. It is possible that the lower 
part of the stratigraphic section may be made up of rocks of 
P b o i c  age. The bedded rocks extend southwestward (up tlre 
~tratigsaphic column) to a M y  of albite granite and granodiorite 
of unknown size that forms a few small iglsnds in the southwestern 
part of the district. 

The stratified m h lie on the west side of the major Chichagof- 
Glacier Bay anticlinorium, which extends northeastward into the 
Glacier Bay country f m  the northwest end of the Prince of Wales 
and Kuiu anti~linorium.'~ In the vicinity of the Chichagof district 
the axial portion of the anticlinorium is occupied largely by granitic 
mks. 

nBnddlagtan, 4. F., and Cbapln, Theodore, Geology and mlnerat degosfts of soath- 
caatetn Alaskn : U. 8. Geol. Survey Bull. 800, pg. 185, D O .  515. 102n. 
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T h e  s tr~txed rocks, partly on the basis of structural differences, 
have cornonly been divided into two groups. Those of the older 
p u g  include the sclrist and older rocks; those of the younger 
group inelude the graywake. So far no unconfamity has been 

' definitely recognixed between the two groups The time interval 
4 between the deposition of the highest bds of the older group and 

the lowest beds of t h e  upper group has been thought by some to 
represent the interval between the Paleozoic and the Mesozoic eras. 

a 
Z The present authors believe the interval t o  be that between the 

u p r  Triassic and h m r  Cretaceous epochs. (See pp. 49, 50.) 
At most places on the western limb of the Chicagof-Glacier Bay 

rtnticlinorium, including the Chichagof mining district, the general 
trend of the rock is west of north at diflerent anglesr. (See pl. 3.) 
This is in accordmce with the general &structural trend of southemt- 
ern Alaska. At most places the rocks dip steeply to the southwest, 
but there are some exceptions to this generalization. 

STRUCTURAL TRENDB 

The average strike for t,he bedded rocks of the district as mapped 
may approach R. 50" W., but there are many local and m a  general 
deviations from the average. !The dip of the rocks also oar& 
widefy. 

Generalized structural attitudes of the rocks are as a rule more 
reliably determined by study of the contacts between the formations 
mognized thm by the study of individual dip and strike observa- 
tions. The contact &tween the greenstone-schist and the greenstone 

9 is, within this district, a fault contact. The fault, however, is essen- 
t i d y  parallel to the bedding of the rocks both above and below 
it wherever the bedding was observed. Apparently the fault closely 

c follows a normal depositional contact. The greenstone is very thin 
on the ridge extending northeastward h o r n  Mount Freeburn. It is 
several times as thick on Hirst Mountain and near tha eastern 
border of the district. Whether the thinning is the result of fault- 
ing or ia original is not known. 

The best 'indicator of the main structuml trend within the district 
is the limastone. This is R relatively thin formation and is persistent 
across the district, except for load interruptions due to faulting. lin 
many places the dip is indicated on the map by the eEect of the irregu- 
lar topogmph J on the trend of t h e  formation Near the eastern border 
of the district the limetone dips about SO0 SW. Fmm Mount Free- 
burn to Whitestripe Mountain #B dip is nearly vertical. (See pl. 4, B. ) 
The dip is only about 30" SW. where the limestone descends toward 
Goon Dip River from the mountain northwest of Whitestripe Lnke 
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to  be cut off by a fault near the river. Abut half a mile north of the 
ea~lt end of the lake northwest of ,fn Dip Mountain the limestone 
strikes N. 83" W. and dips about 70' S. At the head of Goulding 
Harbor the dip is 80° Nl3. 

The mntact batween the whist and the p ~ ~ a c k e  ~uns in s general 
way about N. 45 O W. across the district. It d i b i  ts many more l d  
deviations from the general trend thsn the contacts between the older 
formations. I t  [ to  makes several rather b m d  changes in d d i o n .  
The most coaspirmous departure of this contact horn  the avemge 
strike is between Surveyor Passage and Saer Lake, where a long and 
dwp embaymsnt is made into the schist. This departm from the 
normal strike is not reflected in the trend of the limestone below the 
echist. The contact is off& very slightsly, or not at all, where it is 
ems& by the Chichagof fault at the narrow strait between Lake 
Anna m d  Sid r  Lake. Two f auks, one about 4,000 feet and the other 
about 7,800 f a t  farther north along the contact, off& the contact on 
the northeast side of the fault about 1,100 feet and 800 feet, respec- 
tively, to the southeast. The contact is displaced about 300 feet in the ' 

same direction by the fault that e-nds between Black Bay and the 
small lake at  an altitude of 254 feet northeast of Rfmshan Cove. 

The s t r i h  and dips plotted on plate 3 were chiefly measured on 
foliation surfaces, which are commonly much more conspicuous than 
bdding surfaces, Where the bedding was definitely recognized it is 
almost invariably parallel to the foliatioa At a few places the folia- 
tion foms angles as p a t  as 206 and perhaps more with the bedding. 
Bedding ki particularly difficult t o  recognize underpmd. Most of 
the obsemations of bdding and foliation were made on rocks of the 
p y w ~ ~ l m .  (See pl. 3.) The &ore line in the district is developed 
principally on the graywacke, arid qosurw are generally better along 
the shores than anywhere dm. Compared to the massive limestone 
and greenstone of the district, the graywacke is well bedded. Folie- 
tion and bedding are easily m g n i z e d  in parts of the mhist but are 
obscure in other parts, where over large areas they are en twisted and 
contorted that nsef nl obsemtioas conld not be made. 
On the basis of a very few observations, some of which were taken 

on xenoliths, the f~verage strike of th0 lower prt of the greenstoria 
=his& in the viciniq of the head of  Black River is about N. 50" W. A 
ehort djstanm farther northwest, near the northern border of the 
district, in the area that b i n s  mostly to  Goulding Harbor, the f i e  
may aver* about N. 70" W. The dip at most places in both these 
areas is toward the northcast. (See pl. 8.) 



The few observations of attitude m d e  on mks of the upper prt 
of the gmashne-schist, the greenstone, and the l i m e  indicate 
thak the bedding mmspnds essentidly with tha strike and dip as 
indicated by the formation contacts. 
In many p l m  within the d i s t  bedding and foliation; are well 

4 displayed, This is p&icularly true in areas of graphitic schist and 
where the graphitic schist alternates with layem of pnstone-dist .  
However, the rocks of this formation apparently reacted so pI~sticalIy 

u ,- to stm-1 def omation that abrupt changes in &rib and dip are 
very common, and in many placm the formation appears ws a crumpled, 
contorha mass where it is hopeless to make any genera l id  observa- 
tions of attitude. (Sm pl. 6, B.) The complexity of t.hs structure 
is incompletely indicated by the observations plotted on p l ~ t e  3. 

The two amas in which the crumpling and contortion were observed 
to be most pronounced are in the vicinities of Mount Tqdonia and 
Mount Freebum (p. 51). 
No& of Ford Arm to the vicinity of Runt lhke and in the schist 

fo&isn the cljp and strike vary considerably but not nearly as much 
as rt little f a d e r  north, ramnd Mount Freeburn. The mks of tbis 
a m  am lsrgelp graphitic schist. The average strike is about N. 50° W 
and the average dip 65" SW. 
The amrage strike in the schist between Black Lake and Black River 

is abut PI'. 5.5" W., and the dip is pera l ly  m p  to the c#)utfiw&. 
This area embraces the thinnest part of t h s  formation, from which 
much msbrid hrts hen gqueezed Dowad Mount Lydonin and Mount 
Freebwn. It now contains a relatively large proportion of gray- 
wach, which elsewhere mnkm up a very 4 part of the formation. 

3 Southwest of the contorted mass of Mount Lydonia, on WiLliams 
Hill, amund Black Bay, and on Lydonia Island the general strike of 
the formation is a b u t  N. ?'OD W* and the general dip abont 80" SW. 

f North and northwest of Momt Lydonia toward Goon Dip Rives and 
Pjnta Bay tha attitude of the mIrs is relatively uniform. The strike 
averaw about N. 65" W. and the dip 70" SIT. The rocks of this area 
are larg~ly alternating bands of gmnstone 6cbist and graphitic whist. 
There also are the largest lenses of limestone seen ia the formation. 

Near Goulding Harbor the fomation striks in genera1 s little, mom 
northerly, a b u t  N. 55" W., and dips a likkle. less steeply, about 6 5 O  SW. 

From Ford Arm to the e a t  side of Ogden Passage and south of 
h l t h  Mountain the attitude of the grqwmke is relatively uniform. 
The strike appears to average between N. 55" W. and N. 60' W., and 
the dip nearly TO" SW. 

On and around Doolth Mountain m d  in the principal mines in that 
vicinity the amrage of 262 observations of strike is N. 62.42° W. 
and the avamge of 25'1 obmations of dip is 66.74O W. On the 
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north side of the mountain the generd trend is slightly more west- 
erly and the dips a little flathr than on the south side. This is illus- 

' trated by the averages of strike and dip observations in the Hirst- 
Chichagof mine, on Kimshan Cove, compared to thorn in the Chichagofl 
mine at the head of Klag Bay. The average attitude of the4rocks in 
the ErsbGhichagof mine from R readings is strike N. 65.48' Mr., dip 
64.42O SW. In the ChichagofF mine the average of 125 observations 
is strike N. 68,B0 W., dip 67.81" SW. 

Around the ahore of Kimshan Cove the attitude of the rocks ia 
somewhat dserent at  different p l w ,  but in general the strike ap- 
pars  to  be about N. 75" W. and the dip 80' SIV, Over the north- 
eastern third of Herbert Gravm Island the average strike is abut  
U. 62" W. and the averege dip a b u t  74" SW. 

Along the west shore of Ogden Pmsage southwad to the southern 
tip af Herbert Graves Island from a point ~ h t  opposite Point Hope 
the general strike approaches N. 57" W. and the dip 82" SW. At one 
glace in this vicinity the rocks were obxrved to dip steeply northeast, 
Over the rest of Herbert Graves Island, som0 of the mom northerly 
of the Myriad Islgnds, end the pa& of Homn and Hill Islands thnt 
lie within the mapped area the avemp trend of the rock9 is N. 45" W. 
and the average dip a little mom than 80" NE. The m k s  that con- 
stitute the more southerly of the Myriad Islands and the islands lying 
farther sontheast toward mag Bay strike in general about N. 43" W. 
and dip abut  37" SFCr, 
In a few plam the Mding and the foIiation surfaces am not 

parallel. Divergences bebetween them were noted particularly near 
the southeast end of Sister Lake, in the vicinity of the Baney pma- 
pect west of Klqg Island, and dong the westem shore of Ogden .E 

Passav. The divergence between the &Aka of the bedding and the 
strike of the fracture cleavage was o h w e d  to reach 2O0, and locally 
it may exceed that amount. At, no place was the divergence in dip f 

observed to be more than 5 O .  At all but, one place where the bedding 
and folistion were o h p o d  to diverge fmrn each other the foliation 
hm a more wssterly trend than the bedding. Oa Herbert Graves 
bland on the mntheast shore of South Pwsage the bedding at one 
place strikes N, 50" W. nnd the foliation N. 45" W. Both dip 80" SW. 

A linear element, or sfmhhitching, that is a common feature of many 
metamorphic and intrusive pocks is present in a few places in the schist 
and in the graymmke. The stretching lies in the foliation mtrface.  
In the schist stmtching was obsewed in the banded qud-r ich sohist 
and phylli te. It appears in detaiI to consist of tiny folds in the f oGa- 
tion surfaces that give a larger surfam a diagnmtic "grain". No 
noteworthy elongation of individual minerals was obsemed. 
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So far as is known stretching in the pywmke is confined to con- 
tact-metamorphic zones near the albite grmih and grsnodiorib of the 
southwestern part of the district. In this zone the st.wtching generally 
takes the form of trains of biotite flakes and quartz grains on the 
foliation surfaces. 

The stretching pitches 3 8 ' 4 "  SE. It is as a ruIe nearly normal to 
the principal associated joints. In, general the stretahing is about 
parallel to, perhaps on the aver-, a little steeper than the many 
striations swn on fault surfaces. The average pitch of the Btris- 
tions may lie betwwn 25" and 30D, but the observed range was 5' 
to 50". 

JoXRrB 

0ccwrepu:e.-The bedded rocks of the district are t r a v e d  by 
numerous join& These are k t  developed in the more massive beds of 
the pywacke formation, w h e ~  mang smooth, even joint surfaces can 
be traced for seveml tens of feet. They are less mnspicuoua and less 
uniform in the rock older than the graywacke formation. In the 
older mcks many individual joints cuwe and split in s, compIic1$ted 
manner. Most of the principal joints of the district belong to a well- 
dehed set, the individuals of which trend northeast. Most of these 
joints dip northwest at angles greater than 45" . A considerable Rum- 
b r  dip northwest at  less than 45", and a few dip sou- 
In the schist between Ford Arm and Rust Lake the average strike 

of the principaI jainh is about N. 17" E. and the average dip ahnt  
'lTO hW. Between Mount Freeburn and William Hill the joints 
dike about N, 30" E. and dip about 70" NW. Fmm Black River kt 
Pints Bay the strike of the joints is also about N. 30" E., but the dip 
is slightly flatter, about 6 5 O  NW. 
In the graywacka between Ford A m  and Lake Anna the jointg 

in genera1 tnmd about X. 40' E. and dip ?OO N W .  Beheen Klag Bay 
and Ogden P-, south of h l t h  Mountain, ths average strike of 
the joints is about N. 45" E. and the average dip about 8F0 N7V. In 
the vicinity of DooIth Mom& most joints strike about N. 18" E. 
and dip about NW. On the west shore of O d e n  Passage, south- 
west of the Bauer pmqmt, there are, in addition to the join& of the 
principal set, many joints that strike a few degrees East of North and 
dip about 50" E. On the northernmost part of Herbert Graves Ldmd 
the average strike of the joints is N. 20" E. and the dip 55" NW. 
Along the west shore of Ogden Pasaga southward from a point 

opposita Point Hope and on the more southerly of the Myriad Islands 
the principal joinh trend about N. 32" E. and dip about TO0 NW, On 
the more northerly of the Myriad Islands and over the western hdf 
of Herbert Graves Idand joints of two sets were recognized. Joints 
of both sets strike about N. 25" E., but those of one set dip about 74" 
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NW. and those of the other about 83" NW. Tha Btrikw of the joint8 
that have the flatter dip vary much more widely than those of the 
steeper joints. 

Bel- to othr stmdurd fouhmx.-Measurements were made 
of the dihdrd angles between bedding surfaces and joint surfaces 
at about 80 localities. At about two-thirds of the localities the join& 
diverge less than Is0 from a position at right angles to the beds. 
Where the foliation and the Wding am not parallel. the joints are 
more nearly normal to the foliation than to the bedding. 

The dihedral angle betwean the LVB- attitude of the bedding and 
the average attitude of the joints was calmhhd for several meas. 
The divergence of this angle from a right angle differs considerably 
In different areas, and the mason is not known. In the schist in the 
m a  between Ford A m  and Sister L&e the mgle between average 
Mding and average jointing is about 60°. Between Goon Dip River 
and Pinh Bay the angle is No, In the Lwer  Cretaceous(?) gray- 
wwke betwem Ford h md the east side of Ogden Pmqp south 
of Dmlth Mountitin the angle between average bedding and average 
jointing is almost exactly WO. On Doolth Mountain and on the 
northern part of Herbrb Graves 'Xsl~nd the divergence from a right 
angle is a b u t  l 6 O ;  on the southern part of Herbert Gram Island, 
about 4 O ;  and for the part of Herbert Graves Island along South 
Pawage and the more northerly of the Myrid Islands, about Uo. 

OnIy a few ohmations permit rt comparison between joinEa and 
stretching. On Herbert Qravea Island opposite Drip Point the angle 
h t w e ~ n  the stretching and the normal to the jointa is 4'. On the 
&ore of Kukkan Bay the cormponding angle is 16"; and on 
Didrickson Bay, in the schiat, 25". 

The joints appear to be no more common nor bethr developed in 
the viciriiQ of faults than elsewhere. Tbew is a general paraIIeIism 
between faults and foliation, but them am many divergences. (See 
p. 84.) The joints in general are more nearly at right angles to the 
bedding than to the faults. Some local joints, however, appmntly are 
related to faulting. An illustration of this is furnighed by m ex- 
posure on -11 island in Ogden Passage hdf a, mile south of Snipe 
Rock (fig. 8). The angle beheen the bedding and jointing in the 
unsheared rock is about 91". The angle between the fault a.nd the 
jointing in the fault zone is about 97". The angle between the 
stretching of the sheared rock of the fault zone (probably the dire& 
tion of the fault movement) md the normal to the jointing in the 
fault zone is 9". The mgle between the jointing in the fault zone 
and the bedding is 81°. 
Few joinb were observed in the &rite of the northeastern part 

of the dist14ct. The albite granite and'grandiorite of the islands 
in tha southwestern part of the district are jointed, but the observations 
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on them are very mnty. The joints appear to belong to three sets. 
Those of two sets dip steeply, but those of the third tare at least locally, 
nearly horizontal. 

FAULTS 

0ucwyme.-The rocks of the Chichagof district are cut by many 
f~ultsl (pl. 9.). Some of these have been traced for many miles by 
field ohmation and by the study of airplane photographs. Faults 
of similar t m d  have been rmognked on the photographs and on the 
p u n d  at places at least 20 miles northwest and southaast'of the 
mapped area. The total extent of the fault system is not known, 
but it is probably much greater than the extent of any individual 
fault. 

N 

EXPLANATION 

j.,* 
Bedding 

Foum 3.---Sketch plan ahowhg reIatiom M e e n  job*, beds, and a halt on a 
l~land In Ogden Paasage half a mlle south of Snige Rock. 

Because the &eared rocks in the fault zones are commonly less 
resistant ta erosion than the wall mcka, the faults ordinarily occupy 
linear d e p ~ i o n s ,  Many of these depressions are too amall to show 
on the map, but they generally show p l ~ n l y  on the photographs 
1 .  I The fadts shown by solid lines on plats 9 were definitely 
identified by field observations on the ground and most of them 
were mgnized  on the photographs. Those shown by dotted lines 
were plotted solely from the stereoscopic study of the photopph& 
The width of the lines on the map indicrttes roughly the prominence 

of the depressions occupied by the faults that the lines represent. Tha 
width and depth of the depression are dependent not only on the 
strength of the fault, the thickness of the fauIt zone, and the amount 



of crushing but also on the exposure to erosion of the outcrop of 
thk fault mne. . 

Most of the faults of the districk, induding nearly all the principal 
ones, trend northwe& and dip steeply southw &, in rough paraUeljsm 
with the genera1 attitude of the bedding and foliation. Neither the 
foliation nor the fanlts are plane surfaces, so that at most pl- 
there is some divergence between tha two and at many places they 
diverge widely. Individual faults have considerably different aUi- 
tudes at different places. 

Most of the faults cut the bedded rocks, and relatively f ~ w  were 
recogmized in inth diorite of the northeashrn part of the district. 
More of the faults, particularly the mnller faults, in the rocks older 
than the graywacke diverge widely from the general trend than the 
faults in the graymcke. The m a l l  faults in the older rocks south- 
east of Black R i ~ e r  appear more numerous than elsewhere. Many of 
them have a much more northerly trend than the general trend af 
the principal faults. 

Two of the principaI faults of the district, the Hirst fault and the 
Chichagof fault, h a w  been opened extensively in the RIM-Chichagof 
and Chichagaff mines respective1 y. Opportunity was afforded by the 
mine openings to study these two faults much mom thorongh1y than 
any others, and a large pa* of the following discussion of the h u h  
of the district is based on a h a t i o n s  on them faults  

A characteristic feature of t.h.he faults of the district is the splib *' 
or br~nches that have formed a t  many places along them. Many of 
these splits are large and are m g n i z ~ b l e  on the photographs (pl. 
11, B ) .  .o 

Many splits are wmwiated with bends or warps in the larger fault 
h r n  which they dimtge. Moment  on the splitis appears to have 
relieved part of the stress on the s t r o w  faults. Some splits of 
this type show plainly an plate 11, A, at a bend in the large fault * 

south of the large fork of Black River between t h t  stream and 
Mount F d n n l .  

Splits of the type shown on plate 11, B, but smaller, are e n  under- 
ground te be v e q  nnmerons. Apparently many of them *lib exhnd 
for short distances only jnto either the hanging wall or the font- 
wall of the main fault, but others, as opened by mine working% 
are of great length. The main level of the I'Zirst-aichapf mins, 
for example, has followed one of these splits for ahut 2950 f&. 

In thb report tlme term %plIt" or 'ms~llt fault" !a used t o  d m a 2 8  a fault that dl- 
v a m ,  coplmon4 it m t e  Wea, h m  other, unndlp stronger or more con2l~UOUa faults. 
Tbese upllta are of two genersl -those that diverge from other fnultrl into a politton 
mom nearly ~ r d d  t o  the folratlon of the rofka, and tho= th l t  Olverae from other AuIta 
into a ponitfon that makelr a greater amls with tbe beddtn* thna the mnin fault. M E U ~ ~  4 
1HuaWate@ 111 a stmpllfled wag the two t y m  of splltrr. 
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In the Hirst-Ghichagof mine and to a lesser extent in the Ghichagofl 
mine mmy of the splits leave the main fault by curving to a posi- 
tion parallel or nearly parallel to the bedding. Thus, in a north- 
westerly dimtion, a split of this kind leaves the main h l t  by 

i 
passing to the left into the hanging wall. In e southeasterly direc- 
tion the splits depart from the main fault by p ~ i n g  bo the left into 
the footwall. This type of split is well illustrated on the main l e d  

WPLA NATtON 

Bcdding,dip Indicated 

a Mainfmlt 

O withto M C ~ I ~  

@ Split against bsdding 

mmm 4.-Dlagrmmatlc wketcb ~ l a n  Hluetratlng splits. or mpllt i a u l h  

t of the Kirst-mehagof mine, about 2,100 feet from the portal. (See 
fig. 5.1. 

At some places in the mines the tendency of t;he rocks to yield along 
the bedding i n h a d  of in the direction of the werage trend of a 
fault is so marked that locally all tb movement has taken p l m  
pamIleI to the bedding. After continuing for e, distance parallel to 
the bedding the fault resumes its mom northerly geneml trend and 
steeper dip. A warp or bend of this type in the Hi& fault has 
formed one of the rno& .conspicuous structural features of the mine 
and can be traced from the 180 level through the 700 level. (See pl. 
1 This feature was formerly regarded as a cross Fnult that offset 
the Eirst fault and vein, but no continuation of the cross fault could 
be found either nbrthwest; or southeast of the p l m  where the so- 
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called ~ S S  fanlt j o b  the main fault. Hence the intwpmtation of 
the featme as a cross fault is thought to km iiecorract. 

Splits that Ie~ve the main faults against the bedding are a h  
Bommon in the district and appear to 6e partidarIy numerous in 
the Chichagof mine, where one of the largest splits that diverges 
from the Chichagof fanlt against the bdding is at  the Chichagof 

75.  
50 9 w Feet 

F r m  I.-Elketch plan of W i t s  from Rirst fault on mnln lwel ot HlsatEhlcbagoi mlm. 

ore shoot &bout 780 feet from the portal of the main level. (Elm 
fig. 6.) This split carried s mnsidemble quantity of om, known as 
the footwall ore shoot, and win be recognized from the main level 
through the 400 level of the mine. 

'She faulh, as s w a  in the two pducEive mines and in the pros- 
pects of the district, range in thicknes from a few inches to many 

--- 

roo o ~ ~ ~ f e e t  
l = . . . n . . " . I  I 

Fioonm 6.4ltetch plan illurtrathg epUta from Chichagof fault at Chichagof ore shoot 

feet. Where the movement on t h e  faults was confined to a rela- 
tively narrow zone, perhaps as much as 8 or 10 feet thick, the faults 
are commonly gouge-filIed fissures with mther well-defined walls. 
At other places where the fault zone is wide it is ordinarily made 
up of hundreds of smaller shear surfaces with but little gouge on 
any individual surface. 'She bounding walls of such zones are in 
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many placea very difficult to identify, bat mmy of them are at least 
50 feet wide, 

The faults appear ta widen into thicker shear zones where th8 
wall rocks or at least those on one of the walls are particularly shaly. 

t Conversely the faults appear to be thinner and more lmatized in 
the more massive graywacke and whsm dike rock forms one or both 
walls. 

The material in the faults is commonly black with pnphite. Many 
% shear surfacea are brightly polished and 9triated. Wham trae gouge 

fill5 the fault it is in most places a black clayey mass, full of graph- 
ite. Where the fault 'matter has been formed from dike rock i t  is 
greenish gray and contrasts drikingly with the mom common black 
material. h a l l y  the fault zone contains bands and discontinuot~s 
strenks of alternating gray and black gouge. 

Throughout the district the movements on the faults have been, 
for the most part northwestward and upward at about 80* for the 
southwest or hanging-:-mall sides, or southeastward and downward 
at about 30' for the northeast or footwall sides. Striae on the lshear 
surfacls and plucking pits are very common. Drag of the wall 
m k s  along the faults is well shown in the Hirst-Chichagof mine 
by the dike that forms the footwall of the mine-at many places. 
(Sea pl. 19.) 
T h e  evidence h&catea that there have been repeated movements 

dong the f a d h .  In fact, without any confirmatoq evidence, it 
would seem elmost inconwivable that the rnovemenb on nl1 the 
faults of the @ern described or on any one fault could have taken 
place st one time. The vein quartz, as pointed out in the section 5 
on ore deposits, came in along preexisting faults and migrated at 
many places from the f~uIts  into joints that intersect the faults. 

i 
At rnmy placw the vein quartz is sheared, roughly parallel to the 
fa& along which it came in, and crushed. (Sea pl. 20, A , )  Also 
at  many PI-s quartz veinlets in joints in the wall rocks have hen  
offset by postquartz rnovernenb on the faults. In order to crush 
widely bodies of quartz lying in the faulks nnd to offset veinleh in 
wall-rock joints there must have been fault movements long after the 
movements that formed the faults. 

At many places in the district the dikes were intruded before 
the formatmion of the faults. In the Hirst-Chichagof mine, for ex- 
ample, the large footwall dike is cut off by the Hirs* fault and does 
not appear in the hanging wall. The dike is dragged dong the 
fault (see pl. f9$, and pieces of the dike hnve been dragged for long 
distances in the fault, away from the Iwnlity where the dike is in 
plnoe. Farther in the main level of tho Erst-Chichagof mine, be- 
yond the productive part, along a largo split from the main fault 
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there is a thin dike, lithologically similar to the main footwall dike. 
Unqu&ionab,bIy this dike came in along a fault that already existed. 
(See pls. 19 and 23.) At other places in the district, particularly 
in the vicinity of Ford Arm, thin dikes occupy preexisting faults. 
It appears to follow, therefore, that the faults came into existence. 
after many of the dikes had been emplaeed, but not very long after, 
because the thin dikes that ocxupy some of the faults were int.mded 
after the formation of those faults. 

It is thought that the diorite of the northeastern part of the dis- 
trict rnay not have been solidified whiIe the principal fault mova- 
ments were taking place. This would explaih the sparse faults rec- 
ognized in the diorita (p. 64). Over large areas, however, the diorite 
is soft and crumbly, and faults in such rock: may eagily have bean 
over loo^. 

I t  is apparent that the faults existed before the formation of the 
quartz bodies that now lie in them. 

Both the dikes and the quartz bodies are believed to be genetically 
related to the batholithic rocks of the district, end the batholithic 
rocks are supposed to have been intruded late in Jurassic or early in 
Crehceous t h e .  (See p. 50.) The dikes possibly represent a 
very late avant h~ tIie batholithic intrusion cycle, and the deposition 
of vein quartz a still later but partly overlapping event. The for- 
mation of the faults appears to fit best into the sequence of events 
principally between the intrusion of the dike9 and the deposition of 
the quartz. Movements on the faults, probably minor movements, 
evidently continued after the quartz depition. 

The amount of the movement at most places on most of the faults 
of the district is not known, largely because there are few recog- 
nizable horizons within the rocks, displracemenh of which can be 
maasured. Most of the plam where the displacements muId be 
mmsured are notad below. Some of the measurements probably 
show the horizontal displacement with masonabla mcumcy, but 
others are approximatiom only. 

In the Hirst-Chichagof mine the distance that the material of 
the large footwall dike has been dragged along the Eirst fault and 
the f a d  that the dike does not appear in the hanging w d  show that 
the minimum amount of the horizontal component of the moment  
there must exceed 1,100 feet. 

At several places the contact between the schist and the gramacke 
has been displaced along faults. About midway along the Jtarge 
split that apparently joins the Hirst and Chichagof faults 'between 
a point under Sister Lake and a point about a mile north of the 
north end of Lake Anna the contact has been offset about 1,100 feet. 
A Uttle more than half a mile farther north the same contact hm 
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been displaced along mother branch of tbe Bint fault about' 800 
feet. About a mile north of the HirstrChichagof mine dock at ZCim- 
rihsn Cove the contact has been oflset along mothef fad& in the 
same direction, about 800; feet. 
The contact appears to be displaced, or WB@, beneath S W @ Y ~ ~  

Passage. The displacement, which is probably dong the Hi& 
fault, is apparently about 2,000 feet, but this figure may not be eor- 
rect within wide limits. 

The limestone is offset a b u t  half a mile along a prominent split 
about a mile northeast of Goon Dip Mountain. (See pp. 23, 72.) 
The horizontal component of the movement on rt split fault 
that cuts the limestone northeast of Rust Lake may be about 2,500 
feet. 

Half a mile enst of the head of Pinta Bay dong a minor fault 
that trends a b n t  N. 17' E. the limestone has been displaced about 
800 feet horizontal1y. The northwest side has moved northeast- 
ward relative to the southeast side, A short distance farther north 
the lower tunnel an the property of the New Chichragof Mining Sgn- 
dicate follows for about 600 feet another f ad t  that cuts the Lime- 
stone. This fault strikes N. 36" E. and dips at different. angles be- 
tween 5 5 O  and 85' MV. The northwest side h s  m o d  northeast- 
ward relative to the southeast side a horimntal distance of about 28 
feet. 
In addition to the movements along the Iarge f d t s  and the splits 

themfrom, a p t  deal of shearing was accomplished on countlem 
foliation surfaces, which so far as is now horn,  are pardel at most 
plmm to the Mding surfaces. There is scarcely rn ouhmp in tha 
beddad rocks that d m  not exhibit many shew surf- The t a d  
amount of movement that took place dong t h w  individually insignifi- 
cant surfttce8 must have been tremendous and may 4 y have exceeded 
tha along the well-defined faults. 2% far* however, nothing is known 
of either the absolute or the relative mount of such movement. All 
the gh-r mfaoes that were examined show movement similar to that 
on the large faulb-that is, northwdward and up at about 30° for 
the haaging-wall side. This feature is il1ustmted by figure 7, which 
is drawn from a photograph of an exposure on a small island in Elbow 
Passage, a few hundmd fmt east, of Rlag Island. 

Chkkagof f&t.-The Chichagof fault. on which the Chichagoff 
mine is principally developed, has been followed continuonsly by nn- 
d e r p m d  workings for a horizontal distance of 4,150 £set and a 
vertical distance of h u t  3,950 feet. fault can be t r d  on the 
surface fmm the beach paet the outcrop of the Golden Gate ore shoot 
to  the top of Dmlth Mountain, where it makes a distinct notch in the 
ridge top. (See pl. 7, A,) The fault probabIy continues down the 
other side of the rnountnin under a large slide of loose rmk. 
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Tke fedt expeed in the tutntel of the Bmar prospect, on Herbert 
4 m m  Island, is almost directly in line with the Chichagof fnult on 
DooIth Mountain and probably is that or a closely associated fault. 
From the Bauer prospect northward the trace of the f ~ l t  skirts the 
northat  end of Elerbrt Graves Island and enters Fortlock Rubor. 

Southeast of Chichagof, betwaen the h e d  of Klag Bay and the 
head of Lake Anna, the Chichagof fault appears to ibe one of a large 
number of relatively strong splits that converge toward Lab h a .  
(See pla 9 m d  U, B.) T%B fault probhly continues under the strait 
between Lake. Anna and Sister Lake. It appears distinctly as ts a i d e  
and complicated zone Getwean Sister Lake and Ford A m .  (See pk 9 
and 10, A.) It has not Geen recognized southeast of the vicinity of 
Elf Cove, on Fod A m  

From Z.--Shtch Iltwtratlng *rlnc along bedding nurfacea that hae a&-& a qnarb 
&let ia jointed shnly gcaywacke. View ~ i o u t h w e ~ t w d  acrom ~trIlta 

The general trend of the Chichagof fault acrom the drstrict is 
about K. 45" W. Its attitude is known in much more detail in the 
part opened by the Chichagoff mink On the main level of the mine 
tha average strike of the Chichagof fault is N. 39y20 W. and the 
average dip about 70" SW. Within the mine and no doubt elsewhere 
the fault dieem appreciably in both strike and dip at  different pltices. 
The mine as a whole exposas the fault on rr lnrge warp or twist, 
(See pls. 16 and 17.) The dip is much steeper in the northern part 
of the workings nnd in the deeper parts of the mine. In fact, be- 
tween the 2000 and the 2100 levels of the mine the fault actn~lly 
dips about 80" YE, and strikes about N. 80" W. 

Bimt fm1t.-The Hirst fault lies about 4,000 feet northeash of the 
Chichagof fault. At many places it is not readily recophed on the 



surface, but it hag been followed underground definitely for about 
&850 feet horizontally and through a vertical range of abut  1,780 
feet in the Hirst-Chichagof mine. A split f mm the Hirst fault into 
tha hanging wall of the main f ~ u l t  has h e n  followed in the mine for 
2,260 feet farther southeast. 

Northwest of the mine a t  Kimshan Cove the t ram of the Hirst fadt 
is larely conceded by arms of the sea. The fault may continue 
under Kimshan Cove and Surveyor Passage. Other faults, some of 
which may repressnt the main H h t  fault, bat are thought more 
likely to be splits from it, were recognized a t  several places along the 
northeast shore of Herbert Gmves Island, on Lydonia Island, and on 
ihe westward extension of Williams Hill. 

8outheastward from the HiWChichagof mine the Hi& huIt was 
recognized to a point h u t  4,000 feet xlosth of the northeast end of 
Lake Anna. There the fault tippears to branch into numerous splits, 
'mme of which were identified southeastward prs far as Sister Lake. 
The most southerly and one of the most prominent of these splits 
ia the one exposed in the Anderson prospect, on Sister h k e .  This 
split probably joins the Chichagof fault under S h r  h k e  and thus 
is a connecting link between the Hirst and Chichagof faults. 
The general trend of the Hint fault is about Y. 42" W. In the 

Hi&-Chichagof mine the average strike of the fadt is about N. 2B0 
W. I L R ~  the avemp dip 72" STP: Locally the fault, as seen in the 
mine, divergeu considertrlbly from the average attitude (sea pl. 191, 

' and strikm as northerly as N. 10" W. and as westerly as N. 70" W. 
have been observed. SimilarIy the fault dips from as steep as 90° 
to as flat ns 40° S'CV. 

F d t  dong Elbolo Pm8age.-A prominent fault extends along the 
m t h  side of Elbow %mge. Several expmures show it to consist 
of a, strongly s h e a d  zone n h t  4 feet wide in a lm strongly sheared 
zone in plnm ~t least 20 feet wide. The sheared mck is commonly 
stained with hydrated oxides of iron. No appreciable quartz wns seen 
in this part of the fault, but qua* occupying joints is common in ths 
vicinity. The fault trends considerably more westward than most 
of the other large faults of the district. Numerous splits, like the 
foliation and bedding of the vicinity, have a more northerly trend. 

Southeastward from Elbow Passap the trace of the fault alrnoat 
coincides with the south end of Lake Anna. It hhas a more northerly 
trend farther southeast, follows far a short distance the southwest 
shore of Sister h k e ,  and apparently disappears in numerous splits on 
the Takeena Peninsula, between the aoutll end of Sister Lake and Ford 
Arm. 

Along Sister b k e  the f ttult dips steeply northeast. In this vicinity 
=em1 small quartz veins were noted on minor shear surfam that 
are apparently aswciated with the stronger ftbuIt, but the fault ikEf 
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is not well e x p H ,  probably owing to the considerable erosion of the 
sheared rock. 

F d t  between Ogdm Pw8ap a d  Bky Bay.-A fault is well ex- 
pressed topographically from the east shore of Ogdm Passage about 
half a mile south of Point Hope across the peninsulrt extending south- 
ward from Doolth Mountah to a point on the weat shore of Rlsg 
Bay west of Rlag Lsland. The trend of this fault has ta considemble 
range. 

FmEk s&hmt of Rwt L&e.-Sevw~l prominent faults cut the 
~dhis t  In the relatively rugged arm south and sonthe& of Rust Lke. 
Much of this area has not been mapped topapphically. (See pl. 9.) 
Probably the traces of the faults in this vicinity are prominently etched 
out partly h a u s e  of the relatively ~teep s l o p .  (See pl. 10, B.) 
NevertheIeas strong faults appmr to be nncommonljr abundant. The 
faults at most places appear to he vertical or nearly mrtiml. 

F d t  b e h m  B h k  Bay and Elm& Lake.-A fault, apparently of 
considerable strength, which, like the fault along the south side of 
Elbow Passage, trends in general more westward than most of the 
other strong faults of the district, follows for about half a mile the 
south shore of Black Bay. Thence it extends up the lower course 
of Black River and a b u t  1% miles upstream from.the mouth leaves 
the valley floor and extends eoutheastward to the southwest end of 
Blttck Lake. At this point the fault appears to split. One prominent 
split pwses north of and close to the peak a$28 feet high that stands 
a little lesa than a mile  south and a little =st of Black Lake. Other 
splits, largely concealed by loose rock near Black Lake, cross Mount 
Freeburn farther north. , At l e s t  one of these appears to join, north 
of Rust Lake, a long fault that is described in the next parrqpph. 

F d t  6 e t w m  G&i"g Hmbw a d  a p & d  emt of Rwt Xde . -  
A fault that is baceabIe for a longer distance within the district than 
any other was recognized, with a few &OX breaks, principally where 
its tram is copered with alluvium, from tn point new the h a d  of &uld- 
ing H a r h  southeastward ta the border of the mapped area east of 
Rust Lake. A major split apparently branches from thig fault south 
of Goon Dip River, where the trace of the split is conceded by glacial 
moraine. T h e  split has a mare northerly trend than the main fa&. 
On the mountain 1935 feet high north of Goon Dip River the 
limast~ne is displaced about h ~ l f  a mile along this split. This split 
is well exposed on the north side of the valley of Goon Dip River. 
(See pl. 12, A,)  

FaZt m Bir~t Mowat&.-At a distance ranging from about three- 
quarters of a mile to ayz miles northeast of the fault just dmribed is 
another fault that has been remgnized almost all the way across the 
district. This fault crosses Hirst Mountain near its top. It is easily 
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~-w~gn ieab l~  southeastward from that point to the east edge of the 
mapped area and nartltwestward as far as Goon Dip River. Appar- 
ently it extends for a considereble distnnce un+r the alluvjum of the 
river. The fault that .e&ends from She north t5de of the alluvium 
to the lake 990 feet high about half a milo north of the river is thought 
to  IE the same fault. 

This fault is nnnsrially well expressed topographically (ses gl. 11, 
A) ,  and the movament along it must have been exhnsive and perhaps 
across a relatively wide zone. The fault forms the boundary between 
the peenstone sclust and the ponstono formations. East of Mount 
Freeburn and a short distance west of the upper part of Rust C w k  
a large split diverges southward from tho fnult and cuts the lime- 
stone. The limestone hns k n  dragged on this split, thus m~king  
the measurement of displacement difficult, It nppears that the hor- 
izontal component of the displncernent approaches 2,500 feet. The 
west side of the split has moved northward relative to the east side. 

F m f t  east of Rwt Luke.-Extending eastmnrd from a point n 
short distance east of Rust Lake is n f ~ u l t  that cuts off the limestone 
near the eastern edge of the mapped ama. !I%@ Itruncation of the 
limestone shows well on the airplane photographs (pl. 13). Tho 
continuatkin of the limestone south of the fault has not been found. 
The fault hns been traced eastward on the photographs to a point 
a b u t  2 milea east of the eastern edge of the m a p w  m a ,  where it 
disappears, appnrenltly at the contact with the diorite. The hori- 
zontal displacement along this fault must ba st lend 2 miles. The 
north side has been d i s p l a d  to the west relative to the south sidt-. 

Most of the points taken up in this section are mentioned at differ- 
ent places in other parts of this report. T h e  material is merely 
summarized here to give the reader a less scattered outline of the 
structuml events that have taken place in the district. 

The bedded rocks of the dislrict were originally h i d  down in a 
horizontal or nearly horizontal position. Widespmd compression 
by mountain-building fomes acting in a northeasterly or southw&ly 
direction folded and tilted the rocks to their present general -ply 
dipping attitudes and imposed on southeastern Alaska its geneml 
northwest structural trend. The greatest compression probably took 
plate early in Cretaceous time, but after the deposition of the 
,ppacke. The diorite of the northeastarn part of the district 
probably was intruded at tlls m e  time under the influence of 
the same, omgeny. Mountain-building movements, a h t  which very 
little is known, probably p d e d  the deposition of the graywmke 
formation. 

a12351--91- 8 
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The Chichagof d M c t  lies- principally hi s blt of Mesozoic rock 
an the southwest side of one of the several major anticlinoria of 
southeastern Alaska. . 

The schist formation is less competent. to withstand crustal move- 
ment than most of the other rocks Either betaus of locally greater 
pressure, or locally greater incompetency of this formation, prob- 
ably the latter, large volumes of it flowed plasticnlly from the central 
part of the didrict northwestward to the vicinity of Mount Lydonia 
and mnthsastwsrd ta the vicinity of Mount Freeburn. This plastic 
transfer of material has resulted in a deep northeastward bulge of 
the contact between the schist and the graywacke. The thin, incam- 
petmt limestone was protected from ~irnilar distortion by the com- 
petent massive greenstone formation that underlies it. As might be 
expected, exceptionally strong shearing has talzsn place in both for- 
mations near the contact between the graywacke and the schist 
within the erastward bulge of the contact. 

The general structure of the district, is homoclinal, the racks at 
mmt places dipping southwest. LocalIy the rocks dip steeply north- 
east, but thare is no evidence of tightly compressed folds. The rocks 
in only a very few places lie nearly flat, as they would near the 
crests of folds. These places appear to be on very ernall crumples. 
or drag folds on the larger homoclinal mctnre. 

After the rocks had been tilted and then tightly c o m p m d ,  with 
the attendant plastic flowage that resulted in the large eastward bulge 
in one of the cont~cts, they bgan to ~ i d d  by shearing, both dong 
foliation surfam aad along faults. 

The faults trend genemllg northwest and dip steeply southwest, 
and many of them cross, without interruption, the bent contad in 
the eastward bulge. The stretching that has been developed on folia- 
tion surfam apparently reflects the direction of movement on larger 
faults. 

Joints of the major joint system in the district trend for the 
most part northeast and dip northwest. They are tensional features 
that have developed in general about nt right angles to the folia- 
tion, to the stretching! and to the direction of movement on the 
faults. 

GmIOR3PHOXXlGT 

Before the pamorphology of the Chichagaf district can be ade- 
quately treahd much larger areas on Chicbagof Island and at other 
places id mutheastern Alaska will have to be carefully studied, It 
js proposed here to point out onIy a few of the rnajo~ processes that 
have been active and events that have taken place in the develop 
ment of the larp, striking topographic features thmt characterize 
the district. (See pp. 9-11 and pl. !A) 



The broad coasbal plain, although it h w  been mdified by glaci- 
ation, was appamntly developed before Pleisbene t h e  by other 
than glacial processes. The extent of the plain is much greator 
than is now apparent, because much of it i s  below sea level. Its 
average width may approach 20 miIes, and traces of if above sea 
level extend from Cross Sound on the north to Khaz Head on the 
south (see p. lo), a distance bf about 40 miles. I t  is at mod places 
bounded on the east by steep slopes that reach upward far hundreds 
or thousands of feet. Or! t h e  west the plain terminates abruptly 
at the tap of a steep slope that plunges downward to depths of 
several hundred to mom than a thousand fathoms. The surfaco 
of the pIain ranges from EL depth of about 100 fathoms below sea 
level at its western edge to  an altitude 'of abouk 250 feet above 
ses level at its sn&m limit. Thus the plnin has a southweskrIy 
dope of about 860 feet in approximstely 20 miles. 

The eastern limit is not straight but is modified by indentations, . 
such as the one that reaches northea&ward beyond the head of 
Klag Bay, and by high promontories, such as hol th  Mombin. 
'fie crmkedness of the eastern limit of the plain appears to rule 
out the possibility that  the plain i~ a structural feature. Although 
within the district mapped the plain is largely developed on the 
graywacke, there are many exceptions to  this generality. Parks of 
the plain are underlain by schist. h r g n  areas of graywacke, such 
as Doolth Mountain, do not form part of the plain. Therefore it 
appears unlikely that the underlying rwk was a controlling factor 
in the development of tha plain. 
The manner of formation of-the plain is not definitely Imown, 

but the suggestion is offered that it was formed largely by the action 
of wavas and shore currents, including tidal currents, along a gradu- 
dly subsiding coaut. The highest position of the sea, dat ive  to 
the land, was apparently about at the preent 250-fmt contour. 

The highland northeast of the aoastal plain, even before Plei~to- 
cene time, apparently was deeply dissected by steep, narrow valleys. 
The major valleys, although narrow and deep, were of relatively 
gentle gradient. That these vulleys existed before the lnte valley 
glaciation is indicatd by the fact that such valleys rn t h m  of Goon 
Dip and Black Rivers are not glaciated near their mouths but 
farther upstream were molded to U shapes by valley glaciers that 
existed during the waning stages of glaciation. 
In Pleistocene time dimatic conditions mere such that an e*nsivg 

ice cap was formed over Chichagof Island and most of the rest of 
southeastern Alaska. First were formed small local ice fields. These 
expanded and coalesced, and the ice hgan to extend down the valleys 
as valley glaciers heading back in the higher parts of the island. Th- 
gradually p w  until the snow and ice fields a t  their heads merged 
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into local ice caps. The small caps in turn became larger until the 
whole area was deeply buried in ice. On Chichagof Island a few 
peaks rose above the icy expanse and were never covered. These 
nunat& are distinguishable now by their greater altitudes, steep 
slopes, jagged ridges, and sharp, frosbriven peaks. The peak southeast 
of Rust h k e ;  Mount Freehum, and Mount Lydonia are examples in 
the mapped area of the peaks that rose above the Pleistocene ice cap. 

For at least a part of the time during which Chichagof Island and 
most of the xest of southeastern Alaska were buried by the great ice 
cap, much of the ice that p a d  over the island probably came from 
sources to the northeast. The greater part of the outward flow of ice 
from more extensive source areas on the mainland wm pprobably 
conmntratd Jang the lines of the present Inrge waterwags of south- 
eastern Alt18ka and the so-called Yhiough valIeys" that tramsect the 
l s r p  is1 ands of the Alexander Archipelago. 

The moving ice e m d d  the surface of the Chichagof mining district 
as high as its upper level ~ n d  pmdud the munded, smoothed mrfaces 
so c a m o n  in the area, Some parts of the district were modified much 
more than others by the pwttgle of the im, and them parts appear 
to indicate the places where the ice Aaw was moonmntrated. A rela- 
tively larp  amount of ice apparently flowed southwestward past the 
Picinity of Blmk Lake. A l a r p  part of this ice contjnud southwest- 
ward toward mag Bay and Lake Anna, where it beveled down the 
escarpment between the coastal plain and the highland so that the 
two now merge in that vicinity, without any pronoun& bmak in the 
slope. Part of the ice was diverted to a westerly direction by the 
obstruction famed by Dmlth Mounlain and planed down the escarp- 
ment in the vicinity of Kimshan Cove and WilTirtms 'lIil3. Many high 
a m ,  such as Doolth Mountain, were at the height of the ice flood 
thinly covemi by the ice cap. At some plaoes the ice of the cap flow& 
over the escarpment without greatly modifying it and pamd out to 
sea over the c o d  plain. Tho  plain has h e n  extensively glsciated, 
but very little morainal material liea on the part of it now above 
ma level. 

The massive greenatone formations were resistant to emion by the 
ice and now form a distinct highland belt lying athwart the direction 
of the ice flow. Northeast of the highland belt, in the northmatein 
part of the district, is rtn interior lowland developed largely on soft, 
altered granitic mks. Through this lowland runs the main divide 
of the island. The lowland may have h e n  excavated, at  least partly, 
through the agency of normal stream erasion before the advent of 
~leistocena glaciation. During the time of ice flood the lowlmd was 
Hled with an amnIrrtion of ica probably relativeiy static compared 
to the more rapidly moving higher parts of the ice cap abov~ the 
basinlike lowland. 



Aftar read- a maximum stage sometime in the Plehcene  epch 
the ice mp gradually diminished and separated into smaller ice fields, 
with valley glaciers reaching from them down ,valleys toward the sea. 
Other valley glaciers again, as in the advancing stages, moved down 
vrtlleys from cirques in the uplands. At the present time a11 glacial 
ice has disappeared from the Chichagof district as mapped, but local 
ice fields and valley glaciers are still present at a few place on 
Chichagof and Baranof Islands. 

b 
I Some of the ice that had accumulakd at the height of the ice flood 

in the interior lowland in the northeastern part of the district re- 
mained for a long time as a lccal ice field after the general recession 
of the ice u p .  From it, valley g1aciei.s pushed down Goon Dip and 
Black Rivers within the district, and down other valIeys toward Port- 
lock Rarbor, Lisianski Inlet, and Hoonah Sound, largely outside the 
district. At the same general time other valley glaciers headed in 
cirques on the higher peaks, such ns Momt %burn and Mount 
Lydonia, and on some of the lower mountains. These valley glaciers 
further uhaped the valleys, but most of them did not reach the sea, as is 
crhown by the ending downstream of the U shspe of valleys, such as that 
of Black River, some distance from the coast. The effectiveness of these 
valley glaciers as agents of erosion is illustrated by deep gouges in 
bedrock at many places in the district. (%PI. 12, B.) 

ORE DEPOBFI'B 

For d pmtical purposes the history of mining in the Chichagof 
district consists of lthe histories of its two productive mines, the 

* 
5 

Chichagaff and fie HirsbChichagof, As the. histories of these minw 
are recorded in some detail in the mine and prospect d d p t i o n s  the 
material is not repeated here, and the reader is referred to pages 87-88 

S 
and 1WlOP. 

cHdB- 

Mining in the Chichagof district is confined t i  gold lodes. The 
proziuctive deposits are quartz bodies that lie in the steeply dipping 
fault zones that trend northmestward. The deposits appar more 
commonly to have been formed at  places where large splits diverge 
from the main faults, or in or adjacent to distinct warps in the faults. 
M a t  of the quartz bodies have a very much longer pitch length than 
either tthichess or horizontal length dong the fault. Many of the 
ore shmts pitch steeply southe~stward in the southvestward-dipping 
fault zones. 

The q u m ~ ? ~  bodies are ordinarily associated with fault goug~, 
m&ed wall mk, and slabs and irregular bl& of wall mk. Mast 
of the quartz is of the banded or "ribbon" type. Much crushed quartz 
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d other evidence indicate that postquartz, movements have taken 
place; along the faults. 
Each of the characteristics of the deposits mentioned in the above 

two paragraphs is elabomtd Mow. 

E-TIOFT, IXZE, AHD FOBITIOTU OF THE DEWBITGI 

The ow deposits of the district lio in or adjacent to the fault zones. 
The desirability of ras complete information as possible wit21 regard to 
the loattion, exten4 t h i c h s ,  splits or branchea, and other featurn of 
the fault zones is therefore immediately apparent. As pointed out 
on pnges 6344 there aro mmy large faults in the district and, 
jn spite sf many local divergences in their nttitude, they may be 
grouped into a well-defined system, most of the members of which 
trend in lfenerrtl about N. 50" W. and dip steeply southwest. 

The two productive mines have bean developed on the Rimt and 
Chichagof fuults, respectively, and to a lesser extent on smaIler splits 
or branches fmm these 1nrge.faults. The Chichagof ore shoat, in the . 
Chjch~goff mine, for example, lies on the main fault 5t a major split, 
and a considemble om body, known as the "bootwaH shoot" extended 
out for some distance on the split. (See pl. 16 and p. 97.) Simi- 
larly, in the Hi&-Chichagof mine a split, which locally grcarried ore, 
diverfies from the Hi~st fault st  the principal ore 'shoot This split 
waR recognized from a point s little below the 1,000 level to a point 
below tho 1,250 level. (See pl. 19, fig. 11, and p. 110.) The No. 2 
ore shoot in the Hirst-Chjchapf mine lay in the Hi& f ~ u l t  zone at 
the southeast end of a distinct warp in the fitnlt. The upper part of 
the principal shmt, which is now being mined at greater depths, lay 
at the northwest end of the same warp. (Sm pl. 19.) The ore shoots 
in the Chichagoff mine appear to occupy a very large warp in the 
Chichapf fault. This is shown by the steeper dip of the f d t  in 
the northwestern part of Ihe mine and in the lawm levels. (See 
pls. 16 and 1'1.) 
The quartz bodiea that occupy pa& of the fault wnes and con- 

stitute the om deposits of the district commonly hh:~ re a short dimen- 
sion to be measured in terns of a few feet, an inhmediate dimension 
commonly a few hundmd feet in extant, and a long dimension of sev- 
d hundred to severaI thousand feet. The short dimension, or thick- 
nas, lies acms  the strike of the fault zone, the intermdate dimension 
is parallel to the fauIt and mmmonly inclined at less than 30" from 
the horizontal, and the lang dimen~ion, or pitch length, is alm parallel 
to tha fault and commonly makes an angIe of more than 60" with the 
strike line of the fault measured in the plane of the fault. 

Some of the quartz bodies 'are blunt on their edges and give way 
nbmptly to fault-zone material without quartz. Others hper p d -  
naUy over several hundred feet. 
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Moat of the deposits pitch southeastward. The position of the 
longest axis of many of the shoots is very close to the position of the 
tines of intersection of the bed- planes and the fault that is occu- 
pied by the shoot. In the vicinity of the two productive mine3 of 

0 
the district the Hirst and Chichagof faults lie at considerable angles 
to the bedding ttnd foliation. 

Some of the h o w n  ore shoots reach the surfnce; others do not. The 
No. 1 ore shoot of the Hirst-Chichagof mine is the only one so far 

I found in this mine that crops out at the mrface, and there it is 
too low grade to mine, The Golden Gate and the Chichagof shoots 
of the Chichagofl mine both reached the surface, but t.he Temby and 
Rust shoots tlpprsrsntly do not extend that high. 

The deposits are commonly separated from the walls by fault gouge, 
Iocally more than a foot thick but elsewhere a paper-thin seam. 

Quartz may occupy all or any part of a fault zone a t  a particular 
place. Large slabs of gra~rscke are sometimes mistaken for tt bound- 
ing wall, commonly the hanging wall, until drilling, cmsscutting, or 
sloughing ofl of the wall shows more quartz beyond. Tha fault zone 
and the quartz contain many irregular blocks and fragments of the 
wall M&. 

Two principal types of quartz are recognized-massive white 
quartz and ribbon qua&. The ribbon quartz is more abundant in 
the ore shoots and is banded in layers from less than an inch t o  more 
than a foot thick, separated by silicified, graphitic, shaly graywacke 

- or gouge. In many places the quartz, particularly the ribbon quartz, 
is crushed, twisted, and cut by mJ1 local fauIts in a most complex 
manner. (See pl. 25.) 

+ At many 1ocaIities quartz veinlets extend for considerable distanca 
away from the faults into joints in the wail mcks. Them veinlets 
appear to be particularly abundant in the rock between a split and a 
main fault. Some of the prospects in the districtfor example, the 
Lillian and Princelhare on veinlets in joints with na visible connec- 
tion ta a large fault. For the most part the veinlets are reported to 
be of low grade. 
In places along the main faults the wall rocks are broken to fo rm 

a breccia, and the b m i a  frrtpente are cemented by quartz. The 
quartz dso ~ommonly appears to have actively replaced much of the 
original material of the brecciated rock. Such cemented breccia com- 
monly c h e s  only a little gold. An unusual type of quartz-cemented 
b m i a  is that present along the fault in the prospect of the New 
Chichagof Mining Syndicate near Pinta Bay. (Sae p. 139.) There 
much of the breccia is made up of limestone and marble fragments. 
Small flecks of free gold were seen in some of the quartz. 
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TfltE ORE A3lD I!FB -C)P 

The most mrnplete lstudy of ore from this district so far has been 
&at made an Hirst-Chichagof ore by the American Cyanamid 8t 
Chemical Coqmmtion, and the resnlts of that study are freely used 
in the description of th0 Erst-Chichagof mine. (See pp. 114-116.) 

At many places in both productive mines the. limits of the quartz 
Wies are the limits of the ore. At other places, particularly in the 
Chichagoff mine, prospecting has opened up large quartz bodies that 
contain too little gold to form ore. Most of the ore is of the ribbon 
type, but some massive quartz has been mined. 

The ore was massive and of relatively low grade in the stop on the 
800 level of the Hirst-Chichagof mine. A few very high grrtde 
pocket~l were found there, but they were small. From one verg small 
stope in the Chichagoff mine was taken some god but unusual om, 
composed of fault goup, fragrnenta of graywaeke, gold, and sulfides, 
which contained little if any visible quartk. 
In addition to quartz the veins contain as gangne calcite, faalt 

gouge, fragments of the wall rocks, and spame albite, wricite, and 
apatite. The quartz apparently was originally very ~~~me-grained, 
and aome magsive quartx is still very coarse. At m& places the 
quartz is broksn, strained, and loc~IIy pulverized, the original -re 
being thus larely destroyed. Calcjte is not abundant bat is p w n t  
in small quantities in most of the quartz, Borne of the mleita mnrs  
as irregulsrly distributed rnassRs or crystals, but much of it is in tiny 
seams and veinlet9 that cnt the quartz and included fragments of 
wall mh. 
The metallic minerals include pyrite, ammopyrite, galem, qh- 

kite, chalcopyrite, and gold. None of the metdlio mineds  are 
abundant. T h e  concentrates over a long period of production from 
one mine have oonstitutd about 221 percent of the o x  

Pyrite is by far the most abundant of the metaflic minerah Fmn 
the mlative order of abundance of the other minerals is imperf&ly 
kmown at most places, although sphalerite and chalcopyrite are very 
rare. Gold is present as free speclrs in quartz and in the other metal- 
lic minerals. The average aamunt of gold in ore from the Chicha- 
goff mine has been abut 1.16 ounces to  the ton. The Hirat-Chicha- 
gof ore in I938 was carrying a b u t  1.3 ounces b the ton. 
The HimLChichaffof ore apparently contains much mom amno- 

pyrite than the Chichagoff ore, in which arsenopyrite Is very ram or 
absent. The suggestion is made that them may be some relation be- 
tween the large dike at the Wilvrt-Chichagof mine (see p. 107) and the 
ammopyrite in the ore. At several places in the district I m p  gum- - 
tities of amnopyrite are d a t e d  with d i h  In both the upper 
and lower tunnels on the B~uer  prospect, on Herbert Graves Island, 
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and at the southernmost of the Woll prospects, on the west side af 
Lake Anna, dikes and quartz vainlets in them are heavily mineralized 
with arsenopyrib and pyrite. (See pp. 121-122, 135-136.) 
In the ChichrtgodT mine the p m c e  of galena hers long been taken 

as an indiwtilon of high gold content. Galena and sbhalerite ~ppear 
to be unusualIy abundant at one of the Woll prospects (see p. 123), 
but the gold content of the material so far f w d  is reported to be low. 

After the bedded rocks of the district had been steeply folded, so 
that they had a general nodwesterly trend and s s h e p  southwesterly 
dip, a shearing force became effective in a dimtion that was in 
general about parallel to the strike of the ~ c k s  but in the heart of 
the Chichagpf mining district was at an angle of about 30° to the 
strike. !JXe rocks yieIded to this force dong countless shear mrp- 

faces, but a large part of the movement was accomplished along com- 
partidy thin fault zones, such as the Rirst and Chichagof faults. 
The shearing force was Iwally diverted by planes of wealmess formed 
by bedding planes, and much of the force was dissipated by move- 
ments dong them surfaces. Thus were formed many of the splits 
from the main faults. Locally split faults; were diverted from the 
main fauIts across the bedding. 

The structural disturbances were probabIy accompanied by the 
intrusion of the diorite. The fad t h ~ t  the diorite in the prospect 
of the New Chichagof Mining Syndicate near Pint% Bay is cut off 
by a, fault zone (see pl. 32) indimdm that much of the movement on 
that fault took place after the intrusion of that polrticular body of 
diode.  

The dikes of the district and the quartz bodies am both believed 
to be related to the granitic rocks, Commonly the dikes appear to 
have been formed late in the magmatic qumce. Ordinarily also 
the dikes were earlier in the sequence than the qua& veins, as in the 
Chichagof mining district, but there was mma overlapping. In 
m& places the dikes are cut by the faults and the veins occupy the 
faults; but at one place in the Hirst-Chichagof mine (sea pl. 23) a 
quartz vein has been split by a dike that was intruded into it. At 
mveral other places dikes occupy faults. 
The silica-bearing mlutions from which the quartz of the veins 

was deposited apparently traveled upward from depth through the 
most readily accessible channels. Most of these channels I&y along 
the f a u k  Locally the solutions spread from the faults into joints 
in the rocks. Some large and long joints, such as t h ~ t  mupied by 
the vein at the Lillian and Princela prospect (see p. 182), may have 
hen important solution channels. The length of t h e  during which 
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the mcks were being trapend by hydrothermal silica-bearing so- 
lutions was probably considerable. There is at many places a h -  
dsnt evidence of more than one introd~r~tion of such solntiona 
Movement along the faults no doubt took place intermittently during 
all this time. One of the earliest effects of the solutiops apparently 
wae the widespread silic%c9,tion and carbon~tization of large vol- 
umes of FoCk both near and at considerable distances from faults. 
The, dikea appear to bave been particularly susceptible to such 
replacement. Lter the solutions were pmbab1;v more lmalized in 
the faults and other channels. Much of the quartz was cmhed by 
mpetitive movements on the faults, 
he in the interrrd of time during which the silica-bearing 90111- 

tims invaded the mks the components of the metallic minerals 
were introduced and were ammpnnid by some Iata quartz. These 
final solutions found channels of wmm through fractured and 
crushed earlier quartz. Ordinarily this later material, e b l y  be- 
cause of widespreat? settling of openine during the preceding silicifi, 
cation, was not able to migrate very far fmm the main channels. 
The deposition of the late quartz and metallic m i n e d  in the 
crushed earlier quartz formed mast of the om Mes Where! the 
emlier quartz was uncru~hed and massive, as in the stop above the 
800 level of the Hid-Chichagof mine, it of fed  little chance for the 
introduction of ore-bearing mlutions and the deposition of metallic 
rninemls except nlmg widely spaced fmtm and henca became 
low-g-rade ore. 

Where the dike qtlita the vein on the main level af the Hi&- 
Chichagof mine very late quartz has Wad h c t a r ~  in both the dike 
and the earlier quartz, (See pL 23.) h l I y ,  as in one small mpa 
in the Chimgofl mine in which quartz is mre or abwnt (see p. IN)), 
the Iahr ombearing solutions, because of the complexity of the &uc- 
turd movements, had access to p u n d  not accessible tn earlier 
siIjcn-bearing solutions. 

M ~ n y  of the splits from the main faults leave by curving to a 
position parallel or nearly parallel ta the bedding. Such qlitthg 
was genemlly accompanied by mnsidmble fracturing at  and near 

. t h e l i n e o f i n t e ~ i o n o 3 t h e m a i n f x u I t ~ n d t h e q l i t .  Thm~frac- 
tured zones therefore lie roughly parallel to the i n t e d o n s  of the 
bedding and the faults and were favored channels for the passage of 
metal-bearing solutions. Deposition of ore minerals in them resulted 
in the formation of wutheastwad-pitching om W e s .  Ore bodies 
that cannot be definitely tied to a partjcular split m&y be related to 
fractured zones that were formed without appreciable qlitting of 
the main fault. 



Some of the splits, such as that at the Chichagof ore shoot in &B 

Chich~tgoff mine, leave the main fault Eo cross and not ta parallel 
the bedding. Even the split c i td ,  and hence the fractured zone that 
h a m e  the ore body, joined the main fault along a line in general 
parallel ta the intersection of the fault and the bedding. 
. Some fractured zones do not parallel th8 intemections of the 

bedding planes and the faults. Where structural movements were 
as w i d e a p d ,  intense, and complex as they were in the michagof 
district it would hardly be expected that a f e a h  as simple as the 
intemections mentioned above would control without exception the 
formation of fractured zones. F m t u d  zones may have developed 
more readily where the faults and the bedding were at considerable 
angles, (See p. 64.) In general, however, the intersections exerted 
s dominant influence on the formation of fractured zones and hence 
on the GhannsIs followed by the ore-forming solutions. 

Continued movements on t.he fadts have broken and crushed much 
of the ore. These post-ore movements are believed to have hen 
of relatively small, magnitude. If they had been p a t  it wedd be 
expected that the ore on a split md the ore on the main fault would 
not merge at the q l i t  ss one continuous body but that one part of 
the ore would have been separated by the movement from the other 
part. Furthmnore, at  such plwes, partimlarly in the Chichagoff 
mine, the joints in the wedge af wall rock htween the split and the 
main fault are commonly filled with numerous quartz veinleh, show- 
ing that thcae places were, as might be expx td  becaum of the 
considerable breaking of the thin wedge by fault movements, 
particularly favorable for the deposition of vein qua*. 

Practicdly all the ore so far mined in the Chichagof district haa 
m a  from the Hi& f anIt or the Chichapf fault. The study of the 
district slrows that simil~r faults are widespread and that lccally 
the faults split into two or more branches In general, it appears 
that the large fmlts ovor a considerable area of the district are 
worthy of much mere prospecting than they have received in the 
past. Of particular interest sl~ould be the places where large spIits 
diverge from the main f~t~ltS.  Plate 9, on which are plotted the 
fault traces recognized on the sirplane photographs as we11 m thme 
seen in tho field, should serve as n general guide to the location of 
the faults. M a y  faults not shown on this plate no doubt exist and 
must be found by more carefuI examination on the ground than 
was m b l e  during the investigation resulting in the present report. 
So far no considembIe body of ore has been found to extend continu- 

ously on a split from either the Rirst or the Chichagof fault for mere 



than abut  180 feet. That ore has been deposited on splits much far- 
ther from a main fault ia shown b~ such ore bodies as the one found 
on the drift from the main-level cmsscnt in the Chichagofl mine, about 
550 feet in the footwall of the Chichagof fault (see p. 95), and the 
Kay shoot in the HirstrChichagof mine (see p. 112). It would 1 

appear that much of the pmspxting should be concentrated on the 
main faults and on major splits near main faults. That ore bodies 
mRy h present on major splits at oonsiderable distances fmm a main 

?. fault seems possible but is not yet pmved.26 
The ore deposits that have so far been prductive lie on faulta in 

the p y w a c k e  not far gtmtjpphicallp above the underlying schist. 
Whether or not certain physical or chemical c h m c ~ r i s t i c s  of the gray- 
wacke cause the ore to be localized in this formation is not known. The 
p y w n c k e  is 1- metamorphosed than the underlying rocks and prob- 
ably is mom brittle than most of them. Therefore the movements 
along the faults may have developed more open fractures in the p y -  
wacke than in the g m e d l y  l e ~  brittle older rocks. That mme h c -  
tured zones along fxulb in the older rocks have been mineralized i~ 
proved by the free p l d  contained in limestone breccia of the I imWne 
formntion at the New Chichagof Mining Syndicate's prospect and the 
Golden Hand prospects (see pp. 136189). So far as dlucture is 
concerned the area of rocks older than the gmywacke ~hould probably 
b? considered almost as favorable for prospecting as the gaywacke, 
unless further work shows that the faults through the older m b  were 
not open enough te %ive access to ore-bearing mIution3. 

Northeastmad from the Hizst and Chichapof faults liw the granite 
heart of the island. When the ore deposits were k ing  formed solutions 
traversing fractures at a given l e d  in she earth's crust in the zone 
between the Hi& and Chichagof faults and the b~thalith itself were 
probably hotter than those traversing the frsultrr at the same level. 
Similarly the mlntions tramming fractures farther southwest were 
probably colder unless they mere affected by the albite granite and 
granodiorite of the southwestern part of the clistrict. Whether or 
not distance from the batholithic ~ocks was a factor in localizing the 
deposits is not definitely known. T)reqrctically the distance fmm the 
batholith, within limits, should not be veFg important, beean- i t  would 
merely mean that deposits farther &way would be formed arlier than 
those nearer the batholith. Furthermore, the fact that ore shoots in 

=The possibility of andlug ore bodies on major nglits at long dlatancer from a main 
fault appears to be greatly Incream8 by development work done on the  om hoot of 
the Klrat-Chichagof mine In the aummee of lfk30. (lee pl. 19.) A winze aaw sonk 150 
leet down the  dlp near the aarthwPet end OP the ahoot. A level driven motbesot from the 
wlm haa ateclosed that the Kay *hoot at  that, depth in longer, wider, and rlcber than on 
the mala level. On the 160 leva the nhwt IR narrow but of mlnable width, 18 more than 
1W feet ?on& nod F a d e s  ore of ununually blgb value. In the Pall oC 1939 the winze was 
belag sunk farther, and It war planned to open the Kay shoot on the 800 level. 
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tbe two p d u & e  mines extend over n veflieal range of geverul thou- 
sand feet without any change in mineralogy or textura indicates that  
distance from the batholith probably mas not influential as a factor in 
ore deposition. Therefore, the areas northeast and southwest of the 
airst and Chichagof faults should not be ruled out as unlikely areas 
for prospecting, on the basis of distance from the bstholitElic rocks. , 

In pneral the strike of the bedding and foliation end thc strike of 
tbe fauIts are a b u t  parallel, but there are many local diverpnces. 
Whether or not this is true of the dips is not h o r n ,  b e c a u ~  the dips 
of the f d t s  are not pneralIy h o w n  except in the mines. In the 
vicinity of the productive mines, however, there is a considerable 
divergence between the attitude of the faults and the bedding and 
foliation. Moreover the intersections of the faults and the bdding 
and foliation planes apparently have had a marked iduenm on the 
emplacement of the ore bodies. Pruqmkors should therefore keep 
in mind bot,h the attitude of the faults being prwpwted and the atti- 
tude of the bedding in the vicinity. A question yet to be answered 
j, whether or not ore slloots have formed in places where the faults and 
the beds are egsentially parallel. 

The absence of quartz on a fault that is being prospected is no 
indication that a vaIusble ore b d p  may not lie within a short 
distance. Of the shoots so hr developed in the district only three- 
the Chichagof and Golden Gate shoots of the Chichagoff mine and 
the No. 1 shoot of the Hirst-Chichagof mine--cropped out at the 
surface. Where the last-mentioned shoot comes to the surface it is 
of too low grade to mine. 
The fa& that the ore shoots of the diatrict ars sporadically 

distributed in the fault zones and that a shoot may or may not 
reach the surface mean that much of the prospecting of the faults 
must be of the relativsly expensive underground type. This prac- 
tically ex~ludd the small-scaIe prospector from the finding and 
s?rbsequent development of any ore bodies except those that crop. 
out. 

W e l l - h a n d  individuals or groups that are willing to incur rela- 
tively p e a t  risks for the sake of large prospective returns might 
justifiably go to considerable expense to open fault zones at likeIy 
places, mch ss splits or warps in the fault, in the hope of picking 
up ore bodies t h ~ t  do noh reach the surface. 

At many places the diamond drill might be effectively employed 
for prelin~inrary prospecting, to be fo l lomd~ if the driIling results 
appeared to justify it, by more costly underground work. The 
diamond drill was u d  in the sum me^ of 1938 by the Hirst-Chi- 
chagof Mining Co. for preliminary prospecting of the Hodson claims. 
(A% p. 117.) 



In the underground prospecting of a fault zone m i o n d  cross- 
r u b  are desirable into both the hanging wall and the footwd. 
The quartz bodies may occupy all or any part of the faalt zone, 
and the zones are in many places much thicker than the width 
of a drift. The crosscuts also wilI help to identify split9 from the 
main fault. It is very easy in underground work to get off on a 
split in the thought that it is the main frtult. Under some c i -  
rumstances the same information as would be f urnisheld by a crms- 
cut is obtained much more easiIy and cheaply by a relatively short 
diamond-drill hole. 

MJNES AND PROISPECTS 

In the following pages are described the mines and prospech of 
rhe district that were examined during the course of the a e y  
resulting in this report. ALI properties within the district as mapped 
axe considered prospects except the three from which appreciable 
quantities of gold have been produced-the Chichagoff mine, the 
Hirst-Chichagof mine, and the Alaska Chichagof Mining Go.$ mine. 
Because of the shortness of time available for the work some 
prospects were not examined and hence are not included in the 
d~r ip t ions ;  others, for the same reason, were visited only briefly, 
and the descriptions are necessarily short. The omission of a de- 
scription or B shoA dexription is not intended ta discredit the 
vdue of a prospect and should not be m interpreted except where the 
wording of the description is unmistakable. 

First the t o  prhcipaI mines of the district am described, and 
next the prospects owned or controlled by the companies that own 
those mines. T h e  general order of treatment of the remaining 
properties within the district is geographic from south to north. All  
the properties in the district that are d d b a d  are shqwn on plate 1. 

Plate 14 is a claim map of the district that hm been cornpi14 
from various murces, but principally from plats made by Frank A. 
Metcalf, Juneau engineer. No responsibility is sbssumed for the 
validity of the claims shown nor for their correct locations. Many 
claims am not shown on plate 14, because their locations are not  
definitely known. 

A few mines and prospects outside the limits of the district as 
mapped are decribed in a h a 1  mtion. 

The Chichagoff mine liw near fitha head of mag Bay on the south- 
east side of DooZth Mountain. It is owned by the Chichagoff Min- 
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ing Co. The l d o n s  of the claims owned or held by this company 
and their relntion to other mining claims of the vicinity am shown 
on plate 14 

=TOBY 

The following account of the history of the Chichagoff mine ia 
supplied principaUy by James L. Freeburn. 

The first ore discovered at Chichagof was float found in 1905 by 
two natives, John NeweU and Ralph Young, along a Emall creek 
that enters the bay at the site of ths camp. The Indians took 
samples of the quartz to Judge Edward DeGroff, of Sitka. Judge 
DeGroff financed staking and prospecting and later obtained the 
interests of Young and Newell as well as of three white men, Baeh, 
Gamble, and Kelly, who had returned from Sith with the dis- 
coverers to  prospect. With these five men Judge DeGroff had 
formed the Chichagoff &Id Mining Co. 

Early prospecting yielded between $5M) and $600 worth of gold 
from float, and in 1906 the vein was found in place. This was the 
dimvery of the Chichagof ore shoot. (See pl. 15.) The upper 
tunnel on the ore shoot was started, and abut  $2,000 worth of gold 
was p r o d u d  With the proceeds were purchased two mortars, 
plates, and Wilfley concentmtars. 

Meanwhile, in 1906, the Golden &Gate property had been discovered 
and located Alexander Pihl, Joe Simmons, and W. P. Mills. 
PihT's ininterest was bought by W. H. Topscott. These men bonded 
the property to James Gamy and partner, who drove the Golden 
Gate No. 1 tunnel. (See pls. 1% and 17.1 On Casey's dwth the 
property reverted to Mills and Simmons, who instslIed tha 10- 
&amp Golden Gate mill. 
In 1909 the DeGroff and Golden Gate interests together put up 

the first power plant on Sister Lak~ra. The same year the GoIden 
Gate mine was stoped above the Golden Qate No. 1 tunnel, and in 
1910 the Golden Gate No. 2 tunnel was started. M m  by 1909 the 
D e h f f  interests had added a Lane slow-speed mill. 
In 1W the Chichagoff pmparQ was examined by Jamas L, Free- 

burn. On tho strenghh of his favorable report W. R. Rust, Hugh 
C. Wdlace, Henry Bratnober, and Captain Jarvis bo~lght a three- 
quarter interest in the properky for about 8140,000 md formed the 
Chichagoff Mining Co. Mrs. Lena D&roff, widow of Judgn 
Mroff,  retained the other quarter interest. Mr. Frsebum was put 
in charge of openrtions. 
In 1910 the Chichtbpff Mining Co. optioned the Golden Gate 

pmpsrky and in 1911 took it over, Meanwhile the Bratnober and 
Jamis in- had been purchased by Rust and Wallace. . 
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By Aprir 1913 the company had driven the main level to cut the 
Golden Gab ore shoot, had sunk the Na 1 shaft on the Chichagof 
om sboot to  the 1000 level, had driven the Golden Gate No. 8 and 
No. 4 tunnels, md had done co~1side~abF.e stoping on the Golden Gate 
ore shoot. 
The Golden Gate upper tunnels were closed in 1915, and sarly in 

that year the aerid tram from those tnnnels to the Golden Gate mill 
on the beach was abandoned. 
In 1915 the mill wns expanded to 15 stamps, and n tube mill was 

inalled.  In 1916 flotation machines were a d d d  to the mill. A 
tunnbl Prom Rust h k e  to pro~ida water for power was finished in 
1917, and the third generator waa started in 1919. The flow sheet 
was again changed in 1920, By ID22 the mine wns developed to 
the 900 level, and sinking toward the lower levels was begun. The 
11W level was peached in November 192% 
In the fall of 1923 the Chicha@ Development Co. took a lense 

and bond on the Chichagoff mine and began to opemte, G. T. Jack- 
son. and W. A. Castleton were in charge. Abut 1927 this company 
was reorganized as the Chichagoff Mines, Lid. Cast leh maintined 
rm interest in the reorganized company, ltnd Jackson wlrs retained as 
a consultant. 
In February 1981 James L Fmburn and Arhhur Rust, son of 

W. 3E. Rust, took over the mine and formed the Chichagoff Mining 
Go. After 1831 the company developed and stoped principally helow 
the 1200 level, but some stoping was done on higher levels. 

When the mine was visited in 1998 doping was going on Ixtween 
the 2100 and BMO levels, 

It is understood that the company was reorganized late in 1988 or 
in 1939. In the Eurnmer of 1939 John D, Little- was in charge of 
operations, 

PEODUCTIO# 

The t&1es following have been prepared from information fur- 
nished to the GeoIogical Sumey over a long period of years-by the 
Chichagoff Mining Co. and its forerunners. The Chichngoff Mining 
Co. has kindly w s i v d  the confidential condition under which the 
data were originally furnished to permit publication of the detailed 
fimres. 

Table 1 shows tbat the nine, includjag the Golden Gate, had 
~mduoed through 1938 a total of $13,784,710 worth of gold. 



OEOLOQICAL QURYEI' 

SlCETCH MAP SHOWn\'G =ATION OF CERTAIN CLAIMS IN THE CHlCIlAGOF MMING DlSTHlCl'. 
Copied from ori~innl map by Frank M e i d ,  of Juneau. with spelling o i c l ~ i m  rod company m u  aa shewn thereon. 



M M E B  AND PROSPECTS 

TABLB 1.-Gold produced at the Chichagoff mine, 190648 

Fmm the figures for those years for which the quantity of ore milled 
and the total value of the gold produced rtre available it is possible 
Ea caIcnlate what is appamntIy a good tbvemge figwe for the value 
of the. ore from the Chichagoff mine. From 535,954 tons of ore wrta 

recavefed $22,861,288 worth of gold, and the average value was tl~cre- 
fore nearly $24 a ton. On the basis of a gold price of $20.6'1 an ounce 
through 1933 and a price of $35 an ounce after 19,B the Clhichagoff 
are in general appears ta have carried 1.16 ounces to the ton. By 
the same method the average ore is found to hare yielded about 9.21 
percent of concentmtes. The average value of the concentrates was 
$112.03 a ton. 

From the columns of t&le I that show tons of ore milled and value 
of gold from the mill and based on a p l d  price of $20.r;l an ounce 
through 1933 and $35 an mince after 1933, the average plate m v -  
ery has been about $22.18 or 1.067 ounces to  the ton. 
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no CFWECMoF MIXING DISTRICT, ALASKA 

Table 2 contains data in regard to silver recovered from om from 
the Chichagoff mine. 

TABLE z4 iaver  prodwed a-t the Chichagoff mdnc, f 91036 

I qaantity value 
----A -- 
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3 l l ~ ~ r l  not avslbhk. flnttfftr lor nilnr hcrm 1910 not avallsblr, 
t I:nrnbl& qunntity of silwr Imm mill and ooaoentratm. 

Becnuse of the p p s  in the record the tohl value of the silver 
l~rduced from the mine is more than that sl~own in table 2. For the 
p a r s  in which the record shows tons of ore and onnms of silver the 
Chicllapff ore carriecl an average of 0.344 ounce of silrer to the ton. 
'This is probably a good averaga figure for tha silver content of 
the om. 

From the columns of tablos 1 and 2 that sl~ow tons of ore milled 
and ounces of eilver from the mill, the average siIver content re- 
covered in the mill has heen sbolit 0.225 ounce per ton. From the 
uverqe plate recovery of gold and of silver, and on the assumption 
of a drom content in the bullion of 0.01, the average finen- of the 
br~llion is cnlculstd ns a b u t  818 parts of gold and 172 parts o f  silver 
per 1,000. 

The quantity of are milled, the average thickness of the vein, and 
the wsny value per ton for stopcs rind parts of stopes throughout 
rt large part of the mine above tile 1100 level are shown on p l ~ t e  15. 
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The portal of the main level of the mine is about 00 feat above the 
beach, a short distance from the mine dock. The main level is a 
crosscut for  about 440 feet and thence onward is a drift on the Chicha- 

* gof fault totheface, nt sdistance of 4,987 feet from the portal. The 
e-tent of the underground ~vork is shown on p l a k  16 and 17. 

Above the main level are four other tunnels, the Golden Gate tun- 
nels Nos. 1,2, 3, and $, at, 1,127, 1,041, 888, and 652 feet, respectively, 

Z above sea level. Some of the ore from the upper levels of the Goldon 
Gate part of the mine -as carried by an aerial tram, which started 
near the portal of the Golden Gate No. 4 tunnd, to the Golden Gate 
mill, a short distance north of the Chichagoff mill, near the beach. 
Mast of the am, however, has been trammed through the main tun- 
nd to the Chichagoff mill. Neither the aerial tram nor tha Golden 
Gate mill has ban  used for many years, and both are now in total 
disrepair. 

The No. 1 shaft is an inclined shaft from the main level, about 800 
fset from the portal, to a vertical depth of 920 feet below tlre collar. 
I n  the summer of 1938 the shaft was inaccessible below thh  first 
level below the main level, but deeper levels in that part of t.he mine 
could be reached through raises then used as airways and through 
the drift from the No. 2 shaft on the 400 level. 

The No. 2 2 1 ~ f  t collar is on the mairk level about 2,530 feet, *om 
the ports1. This sllaft reacl~es the 700 level (88'1 feet below the main 
Iovel) and the 100, 200, 300,400, 500, 600, and 100 levels sro turned 
from it. The shaft is inclined and is a short distance in the footwall of 
the Chichagof fault. At the. '30 level the No. 2 shaft is in the fault. 

E The No. 1 ancl No. 2 dlafts are connected by the drift on hhe 400 level, 
but this and main level constitute the only underground con- 
nections between the two purts of the mine. 

Ir - The main level in 1938 mas inaccessible nortlmest of a point nbout 
250 fmt northwest of the No. 2 shaft. The 100, 200, and 300 levels 
mere not mewsible n t  all. The 400 Ievel was accessible from the No. 
2 shaft for about 1,000 feet northwest and to and beyond the No. I shaft 
on the southe& Tho 500 love1 was open northwestward to  the 
fuca The 600 level was accessible for about 1,300 feet northwest 
from the shafi. The 700 level was caved a short distance southenst 
of the No. 2 shaft but was still open on the northwest ta a point 
within about 150 feet of tIzs face. 

h v e l s  below the 700 le,vel were reached through the No. 3 shaft 
to the 1203 level, the No. 4 shaft from the 1200 level to tha 1900 
level, and the No. 6 shaft from the 1900 level to the 2100 level. the 



bottom level of the mine in 1938 (2,684 feat in vertical depth below 
the main level). 

The No. 6 shaft was sunk to the 2900 leva1 in 1929, a h r  the mine 
was examined by the Qeological Survey. Tho 2200 level and some 
other n w  developments on the 1800 md 1800 levels are &own on 
plate 16 from information furnished by John D. Littlepage. 

The No. 3 shaft is an inclined shaft in the footwnll. Its collar 
is about 750 feet northwest of the bottom of the No. 2 shaft. ' The 
No. 4 shaft is about 250 feet southeast of the No. 3 h a f t .  It starta 
on the Chicbagof fault, but at tha 1900 level it lies about 160 feet 
fmm the fault, in the hanging wall. The Na. Pi shaft was an illcline 
on the min between the 1800 and 2000 lev&. It has now beem 
destroyed by &aping. The No. 6 shsft is vertical and connects the 
1900 and 2200 levels in the hanging wall. 

All the levels below the '(00 level were parhly a m i b l e  in 1938, 
either from the various shafts or through air raises; and the lower, 
newer levels, were almost cornple~ly open. 

Ml hoisting and pumping from the dmper levels is done thaugh 
the No. 6, No. 4 No. 3, rtnd No. 2 shafts successively. 'This complex 
means of hoisting with attendant handling and tramming betwen 
shafts has been an sxpensivo item in the operation of the mine. The 
proper maintenance of inclined shafb.s, on or near the main fault of 
the mine, has dso been difficult and expensive. All hoisting is done 
by air. Tramming is done by hand below the main level and by 
mules on t h ~  main level. 

The method of ventilating the lower levels in 1938 is worthy of 
mention. No fans wers uscd. The nir entered the main level and 
passed down the No. 1 shnft and through raises near the No. 1 sliaft 
to the 400 level. It wm carried along this level northwest t o  and 
beyond the No. 2 shaft and passed through raises northwest of the 
No. 2 and No. 8 s h a h  to tho 1000 level. T h e  air then traveled 
southeast along the 1000 level past the No. 4 shaft to the southeast 
face of the level. Thence the air passed down misea, m s s  a lower 
lave1 past the No. 4 shnft, and down other raises into the lower 
workings. 'She updraft went through the No. 4, No. 3, snd No. 2 
strafta ta the main level and thenm up the long raise to the Golden 
Gate No. 4 tunnel and out that tunnel. The use of the shafts for' 
exhausted air has resulted in considerable troublesome condensation 
in the shafts. 

m m  mAmT 

Power for the Chichagoff mine and mill and some of the power for 
the Hi&-Chichagof mine and mill are obtained from a hydroelectric 
plant on Sister Lake, The 6,600-volt power line from the plant to 
Chichsgof is 4th m i l a  long. Tha water for the plant is obtained 
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from Rust Lake through a tunnel about 1,000 feet long m d  an 1,800- 
foot pipe line. The tunnel taps the lake h u t  85 feet b low the sur- 
f am. The power units consist of two 300-kilovolt-ampere generatom 
and one 127%-kilovoIt-ampere generator. Each 0.6 tho larger genera- 

w tors is turned by a 500-horsepower Pelton whwE and th0 smaller one 
by a 250-horsepower turbine. 

SVRFAOE EQUIPMEIPT 
'1 - 

The sudace equipment includes houses for families, a stom, docks, 
a powerboat, bunk houses, shower and dry morns? a cqmpfesor 
house, an &ce, a mill, and a sawmill. (Sedpl. 7, A , )  
In 1938 the Chichagoff mill was handling in three shifts btween 

60 and 70 tons a d ~ y .  The capacity mas larger when s c m  with 
larger openings than those now employed mere used at  tho stamps. 
The following mill flow was reported: The om is crushed to 2 inches 
by a jaw breaker and passes thence to four 5-stamp batteries. Each 
stamp weighs 1,000 pounds. The stamp product passes M-mesh 
screens to t h m  5- by 4-foot amalgamating plntes. A Dorr drag 
cladfier follows the plates, and the oversize p e a  to w 5- by 14fmt 
tube mill. The mill discharge passes to another classifier, and the 
oversim is returned to the tube mill. The fin- fmm the classifier 
are elemtea to CalIow conw and then gci tO another set of amalgamnt 
ing plates. T h e  plate tailings pass to ten No. 3 hister dime tables, 
which make shipping .concentrate& The Sable middlinp are returned 
to the tube mill for mgrinding. The table ta i l inp  are discarded. 

Except for four very small dikm, the only wall rocks in the Chi- 
t chagoff mine are massive graywacke and shaly graywacke. Of these 

shaly graywmlm is by far the more abundant (aee pl. 161, particularly 
close to the Chichagof fault, on which tho mine is principally opened. 
In this mine, as in the Hid-Chichwof mine and at other places, 

the distinction btween the twa t y p  of graywacke is in many places 
very difficuIt to draw, Consequently remapping of the mine probably 
wouId d t  in placing the contacts at dightly different places. The 
lack of definite horizon markers, the structural complexity in the 
mine, and the possibility that through shearing massive graywacke 
may become, shaly make it impossible to trace from place to p I m  
on one level, or from level to level, horizons or zones of either massive 
or shaly rock. The distribution as shown on plate 16 simply in&- 
cabs places where the mck in general appearad massive and where 
it  in @nerd appeared shaly. On the isometric drawing (pl. 17) 
both types have been p u p e d  together and no di&inction is made. 



So far as the meager information available indicates, the rock avay 
from the Chichagof fault is more massive than that nerar the fault.. 
For example tlm two long footwall crosscuts, one on the main level 
and the other on the 400 level, are largely in massive rock Shoder 
crosscuts into the hanging wall also appear to indicate rock more 
masaive than that near the main fault. Massive gcaywacke is more 
abundant than shaly in the Ievels below the 1800 level. In general, 
even where both wall! are mapped as shaly graywacke, the footwall is 
somewhat more massive than the hanging wall. 

Dikes are common in the vichitg of the Chichagoff mine. Of the 
four found in the mine, one is on the main level not far beyond the 
No. 1 shaft, and the other three are on the 1'100 level. The dike on 
the main level is cut off by rs split from the main fault. It lies in 
the footwall of the main fault. The three on the 1700 level are all 
in the hanging wall, and all are cut off by the fault. 

BTRUrnUIIE 

The dip and strike of the rocks of both the hanging wall and the 
footwalI in lthe mine are remarkably uniform, even adjacent to the 
fault. Soma di~ergences f mm the average attitude are present, but 
in most places these are not great. The avemge of 125 observations 
of strike in the mine is N. 58-k" W., and the averap, of the corn- 
sponding dip observations is 68- " SW. The rocks therefore trend a 
Little more northerly and dip a little more steeply than those st the 
Hirst-Chichagof mine. (See pp. 60 and 107.) 

The Chichagoff mine, which has opened the f ~ u l t  for 4,750 feet 
horizontally and through a vertical range of about 3,950 feet, is 
developed on a small part of the fault ody. 

One of the most conspicuous structural features of the mine is the 
large warp or twist in the Chichagof fnult that is partly opened by 
the underground workings. All the Ievels converge northward (sea 
pL Is), showing that the fault ig steeper in that direction. Similarly 
the fault -pens downward from the 1400 level to t,lw 2M30 level. 
Below the 2 N l O  level the fault, as now exposed, pas,ss through the 
vertical and dips norbheast. 

A11 the levels that reach the surface-t,he main level and the 
Golden G a t e  levels Nos. 1, 2, 3, and -rt in'the footwhll and an: 
driven t~ inh&ect the Chichagof fault; at an angle. (See pls. 16 and 
17.) 
The fault zone ranges in thickness from a few inches to ns much 

as 20 feet, but at most places the thichess is between 2 and 4 feet. 
In generd the fault appears better defined than the Rirst fault, 
and p l m s  are rare where'the fault is dispersed through wide zones in 
which the individueI shear surfnces are weak. The footwall, as in 
the Hirst-Chichagof mine, is commonly the better-dehed wall. 
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The crosscuts into the fnntwall on the main and 400 levels were 
driven in the expect~tion of finding other faults: similar to t h e  
Chichagof fault, which, it wns 't~opml, would be ombearing. Pros- 
pects on Doolth Mot~nltnin on the Sitka and other claims indicated 

* that such faults probably existed. After cutting a large number of 
. weak faults the main-level cromut, at 550 feet from the Chichagof 

fault, intersected n relntirely strong fault, nnd wnsiderable drifting 
was done 011 it, A sl~nft  was sunk to the 100 level and wme ore was 

.. - mined. 
Between about 810 and ahout 870 feat from the Chichagof fault the 

crosscut passed through a zone in which there are many clo.osely spaced 
faults. This zone has not been prospected by drifting or sinking. 

A relatively strong fault zone wns encountered at 1,380 feet from 
the Chichagof fault, and mother, cnlled the Munly fault, near the 
f w  of the crosscut. On the Munly fault about 50 feet of drifting 
has been done, but no ore wns discovered. This fault rnny be t,he 
same as that exposed in the prospects on the Sitka claims. (See 
p.101.) 

The crmsmt on the 400 level- has cut =me faults, on the strongest 
of which n short drift has been driven. This probably is the dom- 
ward errtension e€ the fault cut on the mnin 1eveE at  550 feet from 
the Chichagof fault. 

Splits from the Chichagof fault are common, as they are from all 
the known faults of the district. They are of both tm d w r i b d  011 
pages 64 and 165, namely, into the bedding and against the bedding. 
The splits that kend tipinst the bedding appear ta be more common 
than those that trend inta or with the bedding, whereas the converse 

c rn~y  be true in the Hid-Chichagof mine. 
Plate 9 appeam to show that tha faults cut by the footwall cmss- 

cut are in reality splits from the Chichagof fault and apparently join 
F that fnult on the surface in the vicinity of the l ~ k e  on the geninul~ln 

betwecn the head of Rlag Bay 811d the north end of Lake Anna. If 
the fault cut at 550 feet from the Chichagof fault on the main level 
is the same ns the one cat at 340 feet from the Chichngof fault on the 
400  level, then a convergence in depth toward the Chichrtgof fault is 
indicated. By projection it should join the Chichagof fnult near the 
1OOO Ievel of the mine. The 1OOO level has not been driven far 
enough southeastward from the No. 3 shaft to expose the intersection 
at  n p l m  directly down the dip of the main fault wider the 400 
level crowat, if the intersection is there. 

The most conspicuous spIit in the mine is the compIicatd one nt 
the Chichagof ore shoot about '180 feet in from the portal of the m ~ i n  
level. The principal split trends against the bedding ant1 direr* 
frarn the main fault into the footwall at an angle that r a n w  on the 
horizontal projection from about 10' to about Mo. Between the main 



fault md the principal split are seveml smaller splih. The split 
crops out on the surface and has been traced on each level to the 
400 level and stoped to the 200 level. On the main level the split 
has been followed for 300 feet and on the 400 level for 880 feet. ' h e  
interntion between the split and the main fadt pitches steeply w 
southeast. 

Another split, also against the bedding, is exposed by two short 
crmwuts about 90 feet npnrt om the '700 level, between the No. 2. mil 
No. 3 shafts. This split leads into the hanging wall and carries 
&bout 20 feet of quartz, but the quartz is repodd ta be barren. 
Whether or not auriferous quartz bodies are present in a southeast- 
erly dimtion dong the split from the crosscuts is not known. 

flplits carrying b a m n  or ~~errrly barren quartz are present in m m ~  
of the Ievels below the 1400 IeveI of the mine. (See pl. 16.) 
In addition to Ehe splits mentioned mmy smaler ones both with - 

and against the bedding were seen. Them have not been explamd 
by mine workings. 

The m r d s  kept by the operators show that at some places in the 
mine, particularly in the s t u p  on the lower levels, the vein itself is 
split inta a hanging wall and e, footwell shoot. The exact locations 
of these places, thc amount of divergence between the two shoots, the 
charactaristics of the materinl between the shoots, and other features 
are not known to the authors. 

Striae on the fault surface throughout tho mine indicate that at 
least the l a k t  movement on the fault waB mutheadward and down 
at an angle of about 20" on the footwall side. Thus the latest move- 
ment was similar to thnt on the Hi& fault and also on the faults at 
most of the prospecis in the district* 

OPB 30DIEll 

Five principal ore shoots am recognized in the Chichagoff mine. 
Like the other ore bodies of the district these are masses of quartz that 
lie in or near the principal fault. The subdivision into five shoots is 
somewhat arbitrary, because some of the shoots wen =prated into 
mare than one part by bamn quartz zones and because some different 
shoots were. connected by narrow zones of ore. In addition t o  the 
main shihoots several smaller ore Mies have been mined. 

The Imntion and size of the ghoots in part of the mine w e  illus- 
trated on plate 15. Other data, such as thickness, quantity of ore 
mined, and d u e  are given for m e  of the dopes. Blah 17 gives 
a three-dimensional impression of the Chichagof fault in the Chi- 
chagofl mine and of the size and positions of the ore shoots. 

The five principal ore shoots of the mine are the Chichagof, 
Golden-Gate, Ternby, Rust, and 'fernby-Rust shcmta. T h e  shoots 
have a general southeasterly pitch of about 70" There appam to 
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be a Pernarkable coincidence between the elongation of the shoots 
and the direction and pitch of the intersections of the main fault 
and the bedding planes. 

. The Chichagof ore shoot occupies parts of both the Chichagof fault 
C and the principal splits from it on the main level about 800 h t  

from the portal. The shoot is subdivided into two parts, That on 
the split, h u m  as the iootwali shoot, was not mined below the 200 

Y - level, and the authors do not know whether or not it extend8 deeper. 
The drift on the split on the 400 level shows that it does not wach 
to that depth. At about the 300 level the pitch of the Chichagof 
shoot stepens and it divides into two parts, both in the m ~ i n  fault 
zone. (See pl. 15.) The southern part apparently \was 6f much 
lower tenor than the ore higher on the Chichagof shoot. The south- 
ern part was mined to the 500 level, but whether or not the lower 
levels, which are now inaccessible, have quartz is not known to the 
authors. The northern part of the shoot was mined to the 400 level. 
It averaged 1.74 ounces ta  the ton as against 0.40 ounce to the ton for 
the southern part below the 2Q0 level, What appears to be the dawn- 
ward extension of the northern part of the shoot was found on the 
500 level driven from the No. 1 shaft and on the '100 level driven 
southeastward from the No. 2 shaft, If these are indeed parts of the 
northern part of the shoot, then f i a t  part of the shoot pitches north- 
west. Below the 400 level this part of the shoot apparently is of 
too low grade to mine. 
The Golden Gate is a composite ore shoot that has been mined from 

the surface to a depth a little b l o w  the 400 leveI. The Hills and 
E' Riendeau shoots me considered parts of the Golden Gate shoot. The 

general pitch nf the shoot appears to ba almost directly down tle 
dip of the Chiqhagof fault. Considerable quartz is present on the 

+ 500, 600, and 700 levels below the mined part of the Golden Gate 
shoot. Similarly, a mineralized mne is reported on the 1100 level 
directly down the dip below the bottom of the No. 2 shaft. This low- 
grade quartz probably is the downward extension of the Golden Gate 
shoot. 

The Temby and the Rust ore shoots have been connected by stop- 
ing ttt several places. These two large shoots have a distinct south- 
easterly piteh. Neither shoot has been mined to the surfac.ca. The 
stoping sbpped a fern hundred feet above tlie main level, and that 
part of the mine is now inaccessible ; therefore it is not known whether 
or not the shoots continue higher. The fact that stoping was not con- 
tinued indicates that if the shoots continue higher they were of tm 
low grade to mine. 

Below the 1100 level ore rnined has been taken from smaller sporadic 
shmts, so that the limits of the Temby and Rust shoots could not be 
definitely determined. The scattered sl;opes below the 1 1 0  level 



are therefom grouped into the Ternby-Rust shoot, which is dimtIy 
down the pitch from the Ternlap nnd Rust shoots. ConsiderabIa 
qua* shows on the deeper levels, but much of it is of too lorn grade 
to mine, partIy owing tn higher costs of mining at  the p a t e r  depths. 
h genersl the shoots in the Chichagofl mine have a much greater 

pitch length than horizontal extent. The thicknesses as indicated 
from stope widths range in general from s h u t  2 feet to about 8 feet. 

. and at many places the average thickness of &ape is hetween 4 and 6 
feet. Locally ore more than 15 feet thick hns been mined, but such 
a thichess is very musunl. 

me quartz bodies are lenticular and pinch and swell both along the 
strike of the fault and down the dip. In some places the quartz 
occ~rpies the whole fault zone, in others only part of it. Most of the 
quartz constitutes om, but particularIy in the lower levels of the mine, 
there n r e  considerable quantities of quartz that cnrry too little gold 
to be regarded as ore. 

Evidences of postquartz faulting nre widegrcrtd in the mine. 
They consist of banded vein matter, crushed quartz, fnrrlts: in the vein 
but in general parallel to it, and quartz vsinleh in the w ~ l l s  that are 
cut off against "the fault. 

Some-of the ore bodies are blunt a t  their ends; othem thin out 
padually. In the latter the stop limits are largely determined by 
the places where the quartz becomes too thin to be profitably ~ n k ~ d .  

Figure 8 illustrates the sa~rtheast end of rt quartz body on the 
2100 level of the mine. Figure 9 was drawn from a ghotopph re- 

prduwd in nn earlier 
publi~ation.~~ It illus- 
trntes the appranee of 
a thick rich part of the 
Ternby ore shoot and 
shows typical bmded 

I ouavtz lenses with s h e  0 r r i b b 0 n quartz. 
graphit~c partrngs 

z Shafy gouge with some 
The darker layers fire 

crushed quartz graphitic g ~ t ~ g e  and ' 
3Grmy*lackecoudrymck s h e a r a d  grsywacko. 

eppmx~mate s t r i k e  and 
dtp indicated h l l g  the quartz is 

white and massive with 
Approximatescale 1"-20'no graphitic layem. 

Appare~itly these parta' 
of the vein were not 
disturbed by structural 
movementa drring dep- 

FmtIsm &-Skrtcb of southeant wd of ore b o g  tm Zl00 
level or t h e  alchamE rn~ne. osition. Perhnps any 

W h u m a n ,  II. N., Jr., Mtning and mIIlfng rich gold ore. on ChIcagof Iulnnd ; Eng. nnd 
MIn. Jor~r-Preaa, vol. 117, No. 22, p. 8'19, M w  81. 3024. 
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vment during and n f t ~ r  deposition at the places mhre the quartz 
~stssive occurred on one or hoth mnlls m-ithout disturbing the vein 
rtx. 
ttnt.tz veinl~ts that fill joints in the mall rocks of the vein are 
r common in the Chiclingoff rniae, more so than in the Hirst- 

Chichagof mine. Jfal-tg of the veinlets mere cut off by postquartz 
movements dong  the Chichagof fault and show d r ~ g  that indicntes, 
like the striae and plncking pits, t h n t  the lnter rno~emonts trended 

'beastmarc1 on the Footw~11 side. 
ocally some zones rontnhl more than 50 percent of qnartz vein- 
tElnt run in all rlirrctions througli the mrtll rock. Such a zone 

13 exposeti dong the crosscut on the 1900 level ancl extends to il point 
I s b o ~ ~ t  35 feet from the rein. In this zone the gmywxcke is very 

p y r i t , .  Anothcr s11c11 zone lies l ~ t . r ~ e c n  the main fnnlt  and a 
Isrpe split on the 1800 lercl about 100 feet to the northwest along the 
rein from the crosscut. 

I The finernlogy of the ore from the Chichagoff mine is 11ot known 
in ns much detfiil ns that of thc ore of the Hirst-Chicl~ngof mine. 
However, the illfo~mation r~vail:~ble jnclkntes that the ores are sirni- 
Ear-in f n d ,  probnbly s~lmost identical. 

The metallic minerals seen in the ore mere pyrite, ars~nopprite, and 
p l d .  Galena slso is know11 to be present. Pyrite is the most abun- 
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dant sulfide except whew it is locally subordinate in amount to 
&rsenopyri te. 

A peculiar type af ore wns mined from a small stope above t l ~ a  
1100 lave1 several hundred f ~ o t  southeast of tho No. 3 shaft. This 
ore, so far as is known, mas unique for tho district. It consisted of 
fault gnu*, fmgmenb of graywacke, gold, nnd sulfides, with little 
if nny visible quartz. 

Pyrite is the most abundant metallic m i n m l  in the ore, but it 
$oms only s very small percentage of the oro as a whole. It is 
oommonlp in well-fanned, strinted cukes as much as nbout a quarter of 
an inch in diameter. It is much more abundant in the wall rocks of 
t h ~  v~.in and in the goage and shearsd gnywacke between vein layers 
than it is in the vein quartz itself. A few specimens show pyrite ac- 
companying qua& and calcite in tiny seams t h ~ t  transect earlier 
quartz. 

Amnopyrite was noted in small crystals as an abundant constituent 
of the veinlets and paywncke in the veinlet zone exposed by the 
crosscut on the 1900 level crosscht near the collar of the No. 6 shaft. 
It is much more abundant in the grapacke than in the quartz of 
the veinlets. So far as is known it has not been reported in earlier 
pubhtions.  Amnopyrite apparently in most places is very rare 
or absent. Tt is not as abundant in the Chichagoff, ore as it i s  in 
the Rirst-Chichagof ore. (See p. 115.) 

Galena is a very minor constituent of the oore, but its p w m c ~ ,  
is taken as a good indicator of high gold content. Both Knopf eB 

and B a I m m ~  point out p lena  as a certain indicator of high gold 
content. Knopf says further that the gaIens is as a ruIe intergrown 
with pyrite, but no information on this point was obtained during 
the survey wsulting in this report. 

According to K n ~ p f , ~ '  "the gold is found both as isolated particles 
ernbedded in tha quartz and as particles intergrown with the sub 
phidea" The age relations between the gold and other ore minerals 
are not definitely known, hut betaurn of the lack of evidence to the 
cantrary, it is believed that they are probably the same as in tha 
neighboring Hirst-Chichagof mine. The ore from that mine has 
h e n  studied in much greater dehil, principally by the Americnn 
Cyanamid & Chemical Corporation, rtnd some of the results are 
recorded on page 11PIlG. 

Ths gangue n~jnerols of the Chichngoff ore are quartz nnd calcite. 
Fragments of the wall rocks are common nlm, 8s they are in the 
ore Imm other properties in the district. 

r K U ~ P ~ ,  A ~ O I P ~ ,  OP. C I ~ ,  (null. aor,, p, 22. 
m Baumaan, A. N., Jr., Eng. and Mln. 3 0 ~ s . - b n ,  FOF. 117, p. BT7, 1924. 
* Knopl, Adolph, OD. clt. (Dul!. 504 ), p. 22. 
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Quartz is by far the most abundant gangue mineraL The rnakve 
white quartz is typicaIly coarse-pined, but its extinction is un- 
dulatory, and grain edges are lmlly crushed. The banded qua* 
is finer-pined, is mmmonly much mushed, and ordinarily contains 
fragments of waEl rocks or unreplaced remnants of such fragments. 
These bands and inelusions are orient& for the most part more or 
less parallel to the vein boundark. In some specimens fractures that 
cut coarse-grained quartz are filled with senm9 of finer-pined, 
youwr  qurtrtz. 

Calcite is widely ,distributed in the veins, but at no place is it 
abundant. It is commonly found as Jarfie crjvtaaa or in fractu~es 
that cut through early quartz. In many such fmcture fill in^ the 
calcite accompanies younger quartz and pyrite. 

BIT= PROSPECT 

The two prospect tunnels on the Sitka claims of the Chichagoff 
Mining Go. were nut enhred during the survey of which this report 
is the result. It is reported that no work ha9 been done on the claims 
since they were visited by Overbgckp whose description of the 
prcspects is quoted below. 

The p r o m  Ntka No. 1 and No. 2 nre on the errst dope of Doolth Mountah 
about a, quarter oi a mfle north of the ChlchagoR lode Development only $5 

reported. The ripper tunnel Ilea at an eIeratiou of about B[ib feet. At: the entrance 
to the tunnel in the creek W n dozen or more quartz strlnaem cut across the 
direction of the tunnel. The tunnel Is agpraxlmutelg 15Q feet long and follow8 
8 abmr zone of variable width. blmmt no qmrb occurs in tbla tnnnel. A 
llttle .pyrite was noted En the cmahed rock of the shear %one. The smke 
of the tunnel la about N. 62' W,, and the dip of the fault plane is 5!2* S. 
Sticlry d a y  gouge follows the footwall at mme p l a w  and the hanging wall at 
other plares. The lOWeF tanncl In at nn eleaatlon of about 870 feet. The shear 
wne that It follows strlkea nboul N. 52' W. and di@ 52' 5. A little quartz 
o m m  in the mushed zone. The footwall 1s mgwacke, and the hanging wall 
.Is a carbonateons argillite. A t  the Price of the drIit cross atrhgera of quartz; 
o m  in iractures, and a little pyrite mlnernlieatlon wm -seen there. The 
quartz stringcw are on tbe footwall of the shear zone. 

Possibly one or both of the shear zones descriM by Overbeck are 
to be con'elatd with tha so-called "Munly shed' ex& new the face 
of the crosscut into the footwall an the main level of the Chichagof€ 
mine. (See p. 95.) 

The HirsbChichsgof mine is on Khdmn Cove at the northern foot. 
of D~olth Mountain. It is the pmwrty of the Hirst-Chichagof Miming 
Uo., of which Lew G, Hay, of Seattle, is president. The company owns 
or cxllntrols .s large number of claims in the district. The88 are all, so 

*Overbeck, &. M., op. dt. (BuIL 692), p. 118. 
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far as they we known to the writers, indicated on plate 14. 3k is 
possible that the company o m s  or controls some claims not so shown, 
but the map is believed to be complete and correct in respect to most 
claims. 

RI8TOET 

The first claim staked on mhnt is now the property of the Hirst- 
Chichagof Mining Co. was discovered and located on December 20,1905, 
by Peter Romanoff, Andrew Dixon, nnd Bernard Hirst, dl of Sitka. 
This was the " b r  in All group clnim" (one claim). In May of the 
next yertr the same three men and Alexender Archangelsky loeat4 two 
other claims, the Bernard and the Bcrtha. These claims covered the 
ground already staked as the Bear in A11 group claim. Hi& from 
time to  time purchawd his partnersJ intemsts in the three daims, and 
in January 1917 they became his sole property. No mining had yet 
h e n  dona 
In 1908 the Sunday Alliance claim mas staked by Louis Smith nnd 

John Martinson, but after a year or so, a m d i n g  to reports, the m s s -  
ment work had not been done and the claim k ~ m o  open for relocation. 
In July 1916 this claim was relocatsrE as the Sunday Qumn claim by 
Bernard Rirst, dr. 

The Hirst-Chichagof Mining Co. was formed in 1918 or 1919 by 
Bernad Him C. W. Fries, and Goon Dip. William N. Armstrong was 
the first president and C. W. Fries the first general rnarrqpr. The 
company set out to nbtnin options on the claims in the vicinity, to 
locab new ground, and to develop and mine. It obtained a leme and 
bond on the Bear in All p u p ,  Bertha, and Bernnrd claims fmm 
Bernard Hirst and a lease ~ n d  bond on the Sunday Queen clnirn from - 
Bernard Hirst, Jr, 
In 1919 T. IV. Shaffer loc~ted for  the company the Sholin and Frim 

c l a d .  .The same gear F,. E. Sl~olin located, also for the company, a 
the Sh~ffer claim. 
In February '1920 D, J. Williams mas retained by the company to 

make an exrunination of its property and to advise it as to  n plan of 
procedure. At that time all t h m  of the pwsent tunnels had been 
started. The upper tunnel was: 420 feet I~ng ,  the intermediate tunnel 
850 feet long, and the present main trrnnel 400 feet long. The mill 
equipment then included 10 stamps, a jnw crusher, nmnlgamation 
plates, an ore feeder; and -ap equipment. 

Williams continued on the grouncl most of the tima until the annual 
8tockfiulders' meeting in January 1921, at mhidt he mas elected vice 
pwiident. The directors elected then were Goon Dip, IRR G. Kay, 
C. W. Fries, A. V. Williams, rind W. A. Cnstleton. Cnstleton was 
elected pmident.. 
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In 1921 the No. 1 ore shoot (see pl. 18) was reached on the main 
level, and Williams proceeded with the construction of the mill. The 
mill started to operate on April 2, 19252, and during the rest of that 
year ran on orb drawn above the main Ievel. The mine has produced 
every year since 19%- Williams left in January 1923 and was suc- 
ceeded by George B. Smith. Later the same year Smith left and 
W. J. Childs took charge. In August the No. 2 ore shoot was found 
on the main level. Caxtleton dropped out of the company in the spring 
of 1923, and Kay was made president. In December 1923 Williams 
returned to Kimshan Cove and again took charge. 
In May 1924 a winze mas started on the No. 2 ore shoot; Williams 

located mverd additional claims for the company, and dl claims were 
rurveyecl. The No. 3 ore shoot was found on the main level in October 
1925. In February 1926 the No. 2 shoot was found on the 300 level by 
driving suutheastmard from the bottom of the No. 1 shaft. (See pl. 
18.) By August 1956 the ore shoot that lay northwest of the bottom 
of No. 1 shaft on the 300 level had been found. This is the one 
now b ing  mined on the docper levels. More claims were s taked for the 
company by Williams in 1926. Most of. the mining; in the latter part 
of 1926 mas done on the No. 3 ore shoot on the main level. 
In 192"1 payments to Bernard Hirst wero completed, and the corn- 

pany obtained s clear title t o  his interests. The e 0  year the corn- 
pmy began t o  purchase the h a  and Surprise claims (the Bahrt 
claims), and their purchase is now (1939) newly wmpletd. During 
1927 ore was mined from the No. 3 shoot above the main level and 
from the No. 2 shoot above the 300 level. Lrtte in December the No. 2 
shaft mas completed to the 500 level. 

In February 1928 the ore shoot was found southeast of the No. 2 shaft 
on the 500 level. During this year a coi~trmt for the purchase of 
electric power from the Chichagoff Mining Co. was made, and in April 
1929 the Hirst-Chichagof Milling Co. began to use the power. 
In the fall of 1930 the post office of Kimshan Cove was established at 

the Hirst-Chichagof mine. Also in 1930 the No. 3 shaft was started 
from the 500 level, and on October 11 the ore shoot was found on the TOO 
level. During the rest of the year drifts wers extended on the TOO 
level and other preparations were mnde for  sstoping. 
In August 1931 the cornpttlly atnrted to rniwe the  No. 3 shaft from 

the 500 level. In February 1932 the flotation circuit was put into 
o~eration in the mill, but by Rfarch no more ore was avnilnble and 
from May to the end of the year the mill operated on tailings. 
In January 1933 Williams died, arid P. M. Sorensen took charge. 

The next month the No. 3 shaft reached the main level. By May the 
shaft had been sunk to the  850 level from the 700 level, and in June 
the crosscut to the vein on that level ez~cotintered ore. A f ~ w  days 
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later the mill started to operate on ore from the stope nbove the 850 
level, and it laas not been l hut down for lack of ore since. 
The ore &mt was tapped at lower and lower levels from the No. 3 

shaft until production was stopped in February 1933 in order to install 
electric power in the mine. At that time tho 1125 level was the lowest 
bvel of the mine. 

Production was m m e d  in May 1936 and has been continuous since 
then. In November 1937 the company toolr an option on the Brown 
Bear and Mother Lode claims (Hodson cfnirns) . 

When the survey resulting in this seport was completed, late in 
August 1938, the shnft ha3 be~n sunk to the 1*600 level, and the crosscut 
t o w a d  the vein on tbnt kvel  was under wny, doping wss going on 
above the 1400 levd ; the Hodson cldms mere being tested by diamond ' 
drilIing, and nogotiatiana were in progress to option the nearby Bear 
Extension and I a n &  claims (Tillson claims), and the claims of the 
Chichagof Proqxrity Mining Co. 

In 1939 the main vein mas cut on the 1700 level and ore was found in 
the Kay shoot. Considernble prosp~cting was dona on the Chichngof 
Prosperity claims, ns a rasult of which the company decided not to 
exercise its option. 

PRODUOTIOI 

T h e  following table, show@ value of gold produced from the 
HimbChichagof mine, was prepad  from data furnished through the 
courtesy of the company. 

TABLE 3.-Yalw of gold produced by the Hirut-Chichogof Midng Co., I Me-$8 - 
Reooved Ramered 

Year Imm 
mnwntrahr 

lgaa ......-....-------- wma.7a 

- 
1930. ................. 5 F ~ Z .  34 ~ , ? a ~ . r z j . p s  7~.3mao 

The gold from the concentrates was obtained fmm 2,"rX'(.38 dry 
tons. The merage value of the concentrates was therefom W4.88 
to the ton. The avemge valua of the concentrates for the first 
7 months of 1938 wnb nbout $312 to the ton. The figures for the 
silver produced are not RS complete aa those for the gold. T h e  mine 
appears Ito have produced about 20,000 ounces of silver, which was 
soId for abut  $10,000. The bullion recovered in the mill, ss calm- 
lated from records furnished to the Geological Survey covering the 



priod from 1925 through 1937, excapt 1988 and 1933, and under 
the asumptiw that the metal contained 1 percent dross, was made up 
of about 810 parts of gold to 180 parts of silver. Data pertaining to 
the gold content of the ore, the amount of ore, and the thicknem 
of the vein in different parts of the mine ars given on pplato 18. 

DEVELOFMEHT 

The mine is now entered through a main level, whose portal is 
% 100 feet above the beach, (See pls. 18 and 19.) Above the main 

level am two old tunnels. The higher tunnel is 435 feet above pea 
level and js 426 feet long. Tho lower one is 285 feet above sa level 
and 898 feet long. The known ore above the main level was long 
ago mined out, 

From a point about 1,850 feet from the portal of the main level 
a vertical shaft has been sunk 1,670 feet to the 1700 love], in 1933 
the lowest level of the mine. This shaft, called the No. 3 shnft, 
starts in the hanging wall of (he vein but between the 300 and 600 
levela pnsses through the Hirst fault and for the rest of the way down 
is in the footwall. 

Formerly the 180 and 300 levels mere reached through an indinerI 
&aft, the No, 1 shaft, on the vein. The No. 2 shaft, also an indinod 
shaft on the vein, was sunk from the 300 to the 500 level. Both 
the No, 1 itnd No. 2 shnfts am a short d h n w  northwest of the 
No. 8 shnft, but neither of them isl now used. 
The No. 8 shaft has hen connected to the 180, 300, and 500 levels, 

and from i t  have been turned sll the lower levels, t'he 700, 850, 
1000, 1125, 1250, 1400, and 1700. The workingsl on each h e 1  are 

-? shown on plato 19. With each s u d i n g  level the shaft lies farther 
in tho footwrll, nnd the crosscut on each level to reach the vein 
is therefore longer than the one on the Ievel above. 

m Ore wlla stoped from three shook above the a00 Ievel, a d  another 
shoot has bee11 stoped continuously from ground between tho 180 
md 300 levels down to the 1400 level. In 1938, when the survey 
d t i n g  in this report was made, the crosscut from the &a& station 
on the 1700 level had not yet reached the vein. The vein has now 
(1939) been cut on that level, and the map (pl. 19) has been revisod 
wmrding to information supplied by Paul M. Sorensen, 

The mine is compIete1y equippod, mostly with up-to-date machin- 
ery, and every precaution is taken to assure safe and e5cient opera- 
tion. Hoisting and the tramming on the main level are done by 
electricity. All underground workers are required to use nafsty 
hats equipped with electric lights. Electric power is led into the 
mine through a cable to a trnnsformer station on the main levd 

312831 4 1 - 8  
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not far from tha collar of the 30. 3 shaft, where it is trnnsformed 
fram 6,600 to 440 volts 

The surfme quipment (see pl. 20, A) includes a mill, a power 
house, a sawmill, a Diesel boat, nn nssay offiw, n blacksmith shop, 
bunkhouses, a cookhouse and mess hall, shower and drying moms, a 
store and post office, and a few houses for some of the married em- 
pIoyees. The employees of the company at Kimhzn Cove num- 
ber a b u t  55. 

The electric power for the operations of the company is obtained 
rndnly by purchase from the Chichagoff Mining Co., which supplies 
200 kilovolt-ampres. To supplement this power, and as a precau- 
tionary measure in case of interruption of the supply, a Died power 
plant at  IGrnshm Cove can develop 200 horsepower. 
The mill of the Hi&-Chichagof mine is betwmn the mine portal 

and the bench. It handles between 35 and 40 tons of ore a day, and 
. the average tenor of the ore during the summer of 1938 was ~ b t l t  

$45 a ton. Plate 21 is R simplified flow sheet of tlre mill firrnished 
by the company. 

Irma Aim YnLrare 008m 

The Hirst-Chichagof Minina Co. has furnished the faIIowing state- 
ment of operating costs for the year 1937: 

Mining: 
$0.99 

Tranpportatlon ---------,.,,,----,---------------- ----- I. 45 
1.10 

General pllne exgense ----------,- ,- -- -- - -  - - - -62 
Ste l  .It3 
Cornpreased -39 
Sampling, mapping, aeermglng, etc .I7 
Provlslon for injuries - - - - - - - - - - , , - - - - - - ~ - - - - - - __ - -  .I% 

-- 
Cmt of ore nt mill ore bin ----,,,-,,,---------------- 5.84 

mine d e ~ ~ ~ O p r n e 4 ~ t - - - - - - - - - - - - - - - - - - - - - - - - + - -  2.77 
nlillinR : 

Crnshing find grinding --------------,,,,-------.------ .46 

Flotation and concentration ------------------,---- -74 
Po~er--,----,-------------------~-------,-,,,----- .37 
General mill erpwffe .................................. . B 

TatnI coRt of milling ------------------------------+- 2 48 
Surtace c o a k  1.31 - 

Total operating wteL ,,-------------I----------- 12 a0 

The cmt p3r ounce d gold recovered IB SP2.98 for the mma mr, 
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GEOLOGY 

The most abundant rocks in the Hirst-Chichagof mine am massire 
nnd shaly grapmke. (See pls. 19 and 22.) !llese rocks are described 
on pages 3- and need no special description here. Considersble 
difficulty mas encountmed during the mapping of the mine in finding 
and applying satisfactory criteria for differentiat.ing the two typm of 
p y w a c h .  Conseque~ltly certain rocks intermediate betmeen typi- 
cally massive and typically shaly graywacke may be designated differ- 
ently at different places in the mine. Massive graywacke is more 
abundant in the footwall of tlw Hirst fault, and sb ly  graywacke is 
more abundant in the hanging wdl.  At many places in the mine, how- 
ever, &aly graywwke f orrns the footwall and massive graywacke the 
hanging wall. 

The only other rocks so far encountered by mine openings are tlie 
various types of dike rocks. A large dike form the footwall through- 
out much of the productive park of the mine and extends continuously 
from the highest level to and below the 1400 level. Similar dike 
rock in very small amounts is pl.e.4ent in the hanging mall at several 
places in the productive part of the mine. Whether the dikes at 
these places are faulted portions of the large footwall dike or are 
separate smaller intrusions is not defhitely known. The small dike 
that first appears about 3,665 feet in from tho portaI of the main level 
is in the hanging wall of the Hirst fault. This long, thin dike was 
intruded, probably later than tl10 other dikes, along a split from the 
Hint fault and is well exposed on the main level of the mina (Sea 
pi. 19.) Tha appeamnce of this thin dike is illustrated on plate 23. 
. The baundaries between silicified and mmilicified parts of the big 
fmtwdl  dike appear to be very irregular, and not enough ground is 
open to  determine the siw and a h n p  of the silicified masses. Relatiye 
to the total volume of dike material the amount of silicified material i s  
amdl. T h e  reasons for it5 irregulnr distribution are not known. The 
silicified masses may have been formed in f-ractured parts of the dikes 
that were more readily accessible than other parts to silica-bearing 
solutions capable of mcornplishing the replacemant. 

No horizon rnnrhrs were recognized in the mine, and the structure 
of the wall rocks is known only from numerous local observations. 
The attitude of the racks appears to be about the same in the footwall 
and in the hanging mall. As statecE on page 60, the average of 77 
observations of strike is N. 65" W., and the average of the come- 
spending dips 64" SW, 
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The workinga open onIy a smdI part of the Hirst fanlt zone, in 
which lie the principal known are bodies of the mine. The main- 
level prtal  is in the hanging Gall of tho fault., and the tunnel reaches 
the hnl t  about 900 feet from the portnl. The shearing in the m k s  in 
the vicinity of the fault becomes conspicuous about 800 feet from the 
portal. 

Where mconntered by tho main level the fault is dispersed through 
n zone possibly as much as 50 feet tluck and is not we11 defined. This 
feature is well iElustrated in the short crosscut into the hanging wall 
a t  1,100 feet from the portal. The chamcter of the Hirst fnult between 
900 nnd 1,160 feet from the portal led to the formulntion during mnp- 
ping of a hypothesis to the effect that the fault mas dying out north- 
ward by splitting and diapersing into the walls. This hypothesis, in the 
light of the evidence of the airplane photograph, is appnrently in- 
correct. The dispersed zone is probably local only and i s  similar to  
several other such zones that have been recomized in the mine. 

Fmm a consideration of the location of the Hirst h u l t  as shown 
on the airplane photographs and the location of the underground 
workings on the main level, beyond the known ore bodies, it seems 
rrpparent that at some place tho main tunnel must lenve the Rirst fault 
and continue southward on a large esplit, The exnct place is dScult 
to identify underground but is thought to be about 2,755 feet from 
the prtal. At this place the tunnel turns into the hanging wall of an 
intensely sheared, relatively wida zono (presumably the main Hirst 
fauIt) that is very similar to the fault zone first encountered. 

The main tunnel foIlows the large lsplit to a point about 4,915 feet 
from the portal. There i t  was turned away from the large split and 
was advanced about 435 feet as a crosscut in the hanging wall of the 
split. This crosscut reached a distinct fault, roughIy parallel in 
strike to tho Hint fault bwt with a much flatter dip, which is be- 
lieved by the company to be the fault exposed on the h a  claim. 
(See p. 116.) It has been opened by a drift each way from the cross- 
cut for a totel distance of about 220 feeh but no ore was encountered. 
Thia fault is not w strong as the main Hirst fault, and the suggwtion 
is offered that it may be a major split from either the Hirst or the 
Chichagof fault, or p s i b l y  a split that .connects the two l a r ~ r  f a d k  
The main-level crosscut has hen  advanced about B 5  feet farther 
and in that distance has encountered one other weak but distinct 
fault. 

Splits from the Hi& fault are very common in the HinbChichchac 
gof mine. These fall into two general types (see pp. M a ) ,  those that 
leave the; main fault and are parallel or nearly parallel ta the bed- 
ding and those that leave the main f d t  ag~inst the bedding. Only 
a few of the more prominent splits will be mentioned here. Many 
others are shown on plates 19 and 522, 
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The large split s h u t  2,755 feet from the portal of the main level, 
mentioned above is remarkably persistent for about 2,260 feet. The 
@it is much weaker than the main fault but at most places is well 
defined. This split trends against the bedding, its strike being more - northerly than that of the main fmlt, 

A Jarge number af relatively small splits diverm from the Hirst 
fault about 2,100 feet from the portal not far from the KO. 3 om shoot. 

c1 Thee splits, as sl~omn on 
kure  5,  are with the bed- . * *  

ding. On the 500 level is 
s similar zotie oi splitting 
ebout 500 feet southeast of 
tho main or No. 3 shaft 
(fig, 10). T h i ~  zona is 
alsu a short distance 
northwest of a quartz body 
that is of too low grade 
to mine but may be the 
downward axtension of the 
No. 3 ore shoot. Thus it 
seems possible khat the 
zona of splitting exposed 
on the main and 500 levels 
may be one and the same. 
(SW PI, 19.1 

Tho distinct bend or 
warp in the Himt fault C 

thnt is recogniznble on EXPLANATION 
all levels from the 180 

P through the 7a> is consid- 
Graywacke ared B special example of 

a split dong the bedding 
in which practically all of Q u a v t z  

the rnovemant took place 25 

parullel to the bedding, '- 
and the main fnvlt was 
thereby deflected. Some ~ G I I R R  10.-zoae of  mtitting and its relation t o  body 

splits from t~ l e  main fault , 

of  qu8"fa on 600 level, about 500 h e t  southeast of  
No. 3 shaft, HWt-Cbkhagof mine. 

near the place where it 
is deflede;l are apparently features that are related to the warp. 
Such a split, with several smaller assuciated splits, was encoun- 
tered in the vicinity of the No. 2 shaft between the 180 and 300 
levels. It is well shown on the 300 level. ( Sw pls. 19 and 22.) On 
the IiOO level it is very atrong, is a considerable distance from the 
main fault, and carried minable ore, (See pl. 19.) This split is 
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parallel with the bedding and diverga from the main fault to  the 
northwvest, into the hanging wall. 

A mmewhat smaller split, important as a carrier of ore, waa found 
in the stope between the 1000 and 1125 levels. It is distinctly shown 
on the.lI25 and 1250 levels. (Sea pl. 19.) On the 1250 level it is 
smnller and we~ker. This split, at least on the 1125 level, does not 
continue wry f ~ r  southeastward into the-footwall, as a later tunnel 
driven in the footwall to get around unstabb ground in order to 
prospect the fault farther southeash on that level does not expse  

the split, unless tha few 
UEPLANAmoH small faults that show in 

the later tunnel am the 
weak expression of the 

Q U B T ~ Z  split near its southead 
end. (Sw fig. 11.) This 
split iS RIW p a d e l  mith 
the Mding. 

O R E  BOD= 

The Hirst-Chichagof 
mine has developed four 

scke 
principal ere shoots, each 
R quartz body on the 
Hirst fault. The lma- 

Shn y g r n v w a c h  tion and size of each 
slloot and the quantity 
of ore mined land value 
of the p l d  recovered 
from each nre shown on (1 plate 18. On this plate 

strike m d d i ~ o f w i n g  is plottad the projection 
on the plane of the vein 

5 0  0 50 Feet 
I of the generalized posi- 

Fwnm XI.--4btch of part OC 1126 level, =rat-Chichapot tion of the inkmction 
m b e ,  sbowlnp orebearing 6plit imm Hlrat fault. 

between the average bed- 
ding plane and the average plane of the Hirst fault. The accordnnce 
between this line and the longest dimensions of the ore shoots is 
notable and presumably indicates that the emplacement of the ore 
bodies was a t  least partly controlled by these inhpfiections. 

Tho large warp in the Hirst fault that extends from the 180 level 
througl~ the 700 level is of considemble economic importance because 
of its mlation to thrm of the principal ore sl~oots so far found in the 
mine. The No, 1 sl~oot is terminated at its lower end at or near the 
projection upward of the southeast. end of the warp. KO evidence 
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of the warp was recognized on ths main level, but that part of the 
level is now largely conmaled by timbering. The stop above the 
main level was not necessible. 

The No. 2 ore shoot b terminated downward by the southeast end 
C of the warp. This termination is abrupt and is well shown on the 

300 level. The small stop northwest of the No. 2 ore shoot appears 
to lie along a portion of the main fault that f o m  a minor warp on 

.d the l q e r  one. It lies on the part of the fault that has the normal 
trend of the main Hirst fault and does not continue either southeast 
or northwest along the Iarge warp, which trends more nearly parallel 
to the beddmg. This m a l l  stope ends both above and below at 
the places where the fault warps into tho bedding, Sea pls. 19 
ma n.) 

The msin ore shoot of the mine, the one that has been foUowed 
from ground above the 300 level to the bothm level, appears to be 
cut off abruptly at its upper end ngninst the northwest end of the 
large warp. At about the 500 level this shoot steepens m d  diverges 
from the warp, but it should be remembered that the warp itself 
is not definitely v i z a b l e  below the 700 level. 

The postquartz movements on the fm~lts  are not thought to have 
been great enough to cl~enge appreciably the positions m d  shpes of 
the ore bodies. Under this intenpmtiltion the No. 1 and No. 2 ore 
shoots may have been formed from wlutions traveling northwestward 
and up in a f r m t u d ,  easily accessible zone just above the southeast 
end of the large warp, The material to form the small shoot above the 
180 level and northwest of the No. 2 shoot m y  b v e  entered the POT- 

.* tion of the fault between the ends of the m U  minor warp and the 
large warp, near the bottom of the No. 2 shoot, where the minor warp 
merges inta the l ager  one. 

* Tlie soIutions that deposited the quartz and gold of the main ore 
shoot may have traveled up~vard in an rtccessible zone on the main 
fault until, upon reaching the northwest or under side of the large 
warp, they were deflected upward in chmnels undw the northme end 
of the warp. - 

No quartz bodies lie in the part of fault zone that has been deflectad 
to a position pa.raPleF, to the bedding. The quartz of tile main shoot, 
however, penetrated the strong split from the northwest end of the 
warp to form the split ore on the 300 and 500 levels shown on plate 19. 

The No. 3 ore shoot apparently does not extend much blow the 
main IeveP. A raise fmm the 300 level showed some quartz but no 
mjnsble ore. Similarly quartz that is presumably part of the quartz 
body that formed ore above the main level hm been encountered on 
the 500 and 700 levels, but on neither was it rich enough t o  mine. 
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A m31, thin quartz. M y  was found on the main lam1 about 4.590 
feet fmm the portal an the prsishnt split from the Rirst fanlt. This 
body, h o r n  as the Kay ore shmt, has bean developd by a short raise 
and level above the main level but Iras not been ezrtensively mined.31 

!I'hs qua& Mies in the HirsbChichagof mine are in general 
typical. of the whole district and were used in large part in preparing 
the general discussion otl prigs 77-79. The descript.iom are therefore 
not repeated in detail here, but the apprsnw of the ore bodies is 
illustrated by several plates and figures. 

At some places, as seen in plan, the ore bodies are rather blunt; at 
others they thin out gradually along the strike. The quartz may 
occupy a11 or any part of a fault zone, and in many places quartz is 
present at  more than one place in the fault zone, with other material 
between. (See fig. 12.) 

The total thickness of quartz along an ore shoot varies widely; as 
illustrated by plate 94. The postquartz movements on the Hirst 
fault have crushed, fauli%d, and twisted t.he fault filling, includiig the 
quartz bodies, in s complicatsd manner, as iIlustrated by plates 25 
&nd 26, A. 

The following description of the Hirst fault and vein in the stope 
on the 1400 level of the mine is typical: 

The banging wail for 8 feet away from the vein is intenselj sheared black, 
graphitic shnly gmywacke. T h l a  mnteriol contahm a few small. stringem & 
quarkz para1 lel to well-dweluped bn t apparently minor shear s n ~ c e s  thnt 
deflne the bedding and Ire at  a mall, angle to the Rtrst f ~ n l t .  T h e  hanging 
wall i h I f  1s nharp and well defined but somewhat wary. The Hirat fnult 
sone 1s 0.8 feet thick and Is made up of white banded quartz in banda up to 
about 1 foot thick separated by h n d s  and thin leaves of intcn~ely ehenred bhaIy 
graywacke and gmphltic muge. The shaly graywacke decrenaes In ebundwce 
away from the hanging wall, The quartz is In moat placea gently crnshM. 
The footwall is marked by 1 lncb to 10 Lnches of gray gouge appfirently de- 
reloped from the footwall, which i a  sllghtly sheared gray, stlirlden dike m k .  

At many places quartz has migrated fiom the vein into the joints in 
the walls, particularly the footwall, and has formed small veinlets. 
T h e  postquartz movements have commonly cut off Zha ~einlets and 
where they have penetrated a few inches into the walls have broken 
the ends of the veinlets into pieces whose distribution indicates the 
direction of the movements. 

Most of the quartz has a ribbon structure, nnd the ribbons are 
defined by thin layers of graphitic shaly pywacke or graphitic 
gouge. (See pl. 23.1 The ribbons are from n small fraction of an 
inch to several inches thick. Much of the podquartz movement 

.- 

a For mom Informatlw an the Kay boot, revealed by Uevelopment work su-ent t o  
the wtitlng of thla part of this report, ~ e e  footeotc 26, paw 81. Developmmt work done 
In 1939 on tb &y shoot bar been added to plate 19. 
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THICKNESS OP QUARTZ 
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Flame 12.-Sketches b o w l o g  Hlrel vein and bu l t  In stope on 1400 Ievel of Rlrst-Chlcbegol mlne (Alter  Ho1118 C%atwln, H l M -  
Cblebsgof hllrrlng Co.) A, NlneWCb floor abve 1400 level, from tbtee sots ~orthweatward to four seta soutbeast of t h l d  r a l ~ e  
northwest of c c w s m t  from ebaf l  H, merenth door above 1400 level from two sets n o r t h w d  to dve sere northwest of aecnnd rule 
norLhwest of cmterrt from ahaft C, Elghtaatb floor above 1400 level from three sets northwest OC third ralae northwent of 
erosaeur from shaft to Lwo setm nortbwcst of seeand ralse aortbweat of wosueut 
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appears to have taken place on the gouge or shaly gmywacke between 
the quartz ribbons. 

Locally, as for exxmpIe in the stope above the 800 level, the quartz 
was white, massive, and solid. It was not ribbon quartz and wns 
not crushed. 
In some places, particularly where the Hirst fault cuts relativdy 

massive payywac,ke, the fault material consists of jointed and frac- 
tured mck wit11 fewer shear planes than mmnzon. The joints and 
other fractures in fault matter af this type are locally filled with an 
intricate network of quartz veinlets. Replacement by quartz of %he 
broken rwk fragments in these places appears to have been unusually 
widespread (we PI. 26, B ) ,  and althougl~ some of the fragments are 
sharply angnlar others have been rounded by replacement, and some 
have been completely or almost cornpIeteIy replaced. 

ORE A w e  o m w  - 
Much of the materid bere presented on the ore and gangue minerals 

is the rermlt of microscopic work done by the American Cyanamid & 
Chemical Corporation under the direction of Dr. P. L. Memitt. Grate- 
ful acknowledgment is made to this corporation and te t h e  Hirst- 
Chichaguf Mining Co. for permission to  study and use the results of 
these h~estigfi~tions. 

OBE m- 

Metallic minerals rnaks up legs than 3 percent of the ore of the Hirst- 
Chiehaguf mine. T~OSB recognized include pyrite, arsenopyrite, 
sphalerite, galena, chalcopyrite, and gold. Of t h e ,  pyrih is by far 
the most abundant, and arsenopyrite the next. 

Pyrite is a common constituent of the vein quartz, but apparently 
is even more abundant in the layem and leaves of the wall r d .  T h e  
pyrite in the wall rocks more than a few inches away from the veins 
is reported to  be at most places barren. or nearly so. The pyrite in 
the veins was formed after most of the quark-in fact, most of it 
appears to hnve been deposited after early quartz had been consid- 
erably deformed. Pyrite mas the first metallic minerd deposited, 
with the pmi ble exception of ~m~nopyrjte. T h e  age relation between 
the pyrite and the arsenopyrifx is not known. All the other metallic 
minerals have replnced the pyrite and occur in fractures along which 
pyrite p i n s  have broken. PIah 27, A shows a crystal of pyrite that 
has developed in a micmwopic fault that has offset a tiny quartz 
veinlet. The pyrite is commonly found as stritbted cubes, many of 
them as much ns one-eighth of an inch across and some even larger. 
Movements dong the Hirst fault after- the deposition of the pyrite 
have broker1 and deformed many pyrite crystals. 
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-Armnopyrite is a widely distributed constituent of the ore but 
is much I e s  common than pyrite. Its relation to the other ore minerals 
is not h o r n .  It has been recognized in the vein quartz, in the thin 
layers of partly silicified wall rocks between q w t z  Tibbons, and in 
tile wall rocks, particularly in the dike rocks, The crystals are small 
but are in general rngascopically recognizable. They are well formed, 
with bright triangular faces, and apparently are combinations of the 
prism and the dome crystal forms. 

Y Sphnlerite is not common in the ore from f i e  Rirst-Chichagof mine 
but it has been observed under the microscope. The evidenw is not 
conclusive, but in generd the sphphalerite appears to have followed 
pyrite in the sequence of deposition and to have preceded the galena, 
chalcopyrite, and gold. Plate 27, B, shows sphalexite embaying a 
pyrite grain. 

like sphderite, is rare in ore from the HMhichagof 
mine. It bas bean seen occrssiondly as smdI cubes in the quartz. 
Plate 28 shows rninu'ta veinlets of galena in pyrite and in sphalerite. 
It a p p w  to bear the same aga relation to the enclosing minerals as 
the gold. 

Chalcopyrite is a rare constituent. of the Hirst-Chichagof ore. It is 
reported to have h e n  seen in Iarger quantities in the No. 3 ore shwt 
than d~where.  

Gold is found free in the vein quertz, in the layers of wall rock 
between quartz ribbons, and locally m the waD rocks near the veins. 
It also is present in very small particles and veinlets in other metallic 
minerals, principally pyrite. ( See pIs. 27, B, md 28.) Most of t l ~ e  
vein quartz does not contain gold %<Able to the unaided eye. h a -  * sionally small specks are seen, and in R few places fine lugh-grade 
specimens h.ave been obtained. The gold typically fills tiny fractures 
in the quartz and other mimds,  It is bright yellow and cmntains 

m some silver. 
GAXGWE mSFZULS 

The ga~ngue minerals recognized in the Erst-Chichwf ore are 
quartz and calcite, The gangue also contains considerable quantities 
of the various w&lI rocks. 

Quartz is the predominant gangue mineral. Much of the quartz is 
white, but soma is gray vith included partides of wall rock and 
ppl l i t e .  The uncrushed quartz rs coarse-grained and bladed. At 
many places the blades are oriented roughly at right angles to the vein 
walls, The quartz typicaIly exhibits strain shadows, and much of it 
is crushed. Even the more rnwsiw qt~artr, is crossed by crushed zonea 
roughly parallel to  the vein malls. Commody grain borders are 
cmihed. 
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A little interstitial. caIcite is present in the vein quartz. Crushed 
zones pro~ded means of access to carhnah-Wring solutions, and 
tebIcite is much more abundant in thesa zones, k a l l y  veidete of 
calcite cut the older quartz. Calcito also appears to be more abundant 
through and near layers of wall rock and gouge in the banded veins. 

h 6827 the Anna and Surprim claim, h o r n  lo~xllp as the Baht 
claims, were optioned by ths Hi&-Chichagof Mining Cb, 

Each claim has been developed by a small tunnel. The tunnel on 
the Surprise claim is near the center of the east line of that claim 
and is a little more than a miIe S. 40" E. from the Hi&-Chicbagof 
camp on Rimshan Cove. The prospect on the Surprise claim was not 
visited by the w~~ but developments on it are said to consist of 
a tunnel 40 feet long driven N, 19" W. along a small fault that dips 
55"-*IOoSW. The fault is reported to contain Iocallp as much as 
6 inches of quartz. 
The tunnel on the Anna claim is about 5,500 feet S. 32" E. from 

the Hirst-Chichagof camp. 'It extends from the portal N. go W. for 
a b u t  85 feat and N. 37" W, for about 64 feet farther. This tame1 
follows an irregular and apparently relatively weak fault. The gen- 
eral dip of the fault is about 54" SW., but dips as steep as 70" md 
as flat as 44' were observed. The fault has been traced on the surface 
by means of a series of pits for wveral hundred feet. In p h m  the 
fault splits, and the main fault and the splits IwaIly contain about 
1% feet of vein q~tartz. Gross joints filled with quartz winlets are 
common in both walls, and a few of these a h  reach a thickness of 
about 1% feet. h a l l y ,  the quartz contains considerable pyrite. 
h a y  valum of the quartz are report& to be spotkd The Eirst- 
Chichagof Mining Co. believes that the fault found about 225 feet 
from the face of its main-lepel tunnel may be the same as the Anna 
fault,. 

gbY PROlPlECT 

- On the Kay claim of the Erst-Chichagof Mining Go., on the 
southeast face of Doolth Mountain at an altitude of about 1,6M , 
feet and about th-quarters of a mile S. 81° W. of the mine dock 
at H i d a n  Cove, are a -group of prospect pits mid ta have been 
dug by Hodson and Berkland on their Gold Bug claim, The loca- 
tion of the Gold Bug claim and its status in relation to  the Kay claim 
are not hown.  
The countrg rocks are ahaIy, splintery, shd massive graywecke that 

trendabout X- 88" W. and dip about 50° SW. In themost northerly 
pit is exposed a quartz vein 1% feet thick. About 80 feet to the 
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south is another pit, which exposes 1% feet of limonite-stained quartz 
overlain by about 4 feet of shaly or sheared grapscka that is in 
turn overlain by massive geywacke. The vein is exposed better in 
a pit a few foet farther sauth. This pit has uncuvewd the *in 
for about 15 feet dong its strike, which there is N. 5" E. The vein 
dips 5 5 O  W. The maximum thickness of the quartz is 2Yz feet, and 
the hanging wall is shaly graywacke for about 4 feet from the vein. 

r This is followed by massive gmywacke. The general trend of the 
vein as expased in these three pits is N. 7" W. A fourth pit, &.ill 
farther south, shows 9 inches of quartz in place, overlain by 2 feet of 
shaly graywacke followed by mnssiva pywacke. 

HODSON PROSPECT 

In 1937 the Hirst-Chichngof Mining Co. optioned from Mr. Hodson 
his two claims on Doolth Mountain, the Brown Bear and the Mother 
M e .  In the f d I  of 1038 diamond drilling was started at the Hodson 
prospect. It is understood that ths drilling had been completed by 
the summer of 1939, but the results have not been made public. 

The principal prospect pits are on the northward-facing slope of 
Doolth Mountain, at an altitude of about 1,500 feet, about half a, 

mile S. 17" E. from the mine dock nt Kimshan Cove. Several pita 
have been dug over a horizontal extent of about 200 feet, but some 
of them are now sloughed in. The country rock is graywacke that 
strikes N. 70" ?V. and dips 75" SW. In several of the pits is expmed 
a qua& vein ns much as abaut 2 feet thick The vein appears to 
lie in in fault zone that strikes about N. 50" SV. and dips 70" SW. Near 

.a the northwest end of the line of pits the vein appears to flatten and 
become discontinuous, but the exposures are too poor to furnish 
much dekite info~rnation. The fault zone is reported to be t r a c e  

rn able for a considerable distance both ta the northwest and to the south- 
east, At the prospect pits some small veinlets mupy joints in the 
hanging wall of the fauIt zone. These joints strike N. 40" E. and 
dip 83" W. 

ELSrNOB PROSFECr 

The Elsinor prospect tunnel of the Eirst-Chichagof Mining Co. 
lies about a quarter of a mile northeast of the dock at Kimshan Cove 
and about 200 feet east of t h ~  trail that leads for a short distance 
north and east from the mine camp. The tunnel is about 105 feet 
long. (k fig. 13.) 

The tunnel runs principally along a small curving fault that trends 
in general about N. 5S0 E. and dipe G o - 7 5 O  NW. Between pointa 
about 64 and '75 feet from the portal the fault appears to be absent, 
Near the portal the fault carries about 2 feet of qua~tz. Along much 
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of the rest of tha. ox- 
posed part of the fault 
quartz is present but 
much thinner. 

At about 6 feet from 
ffm portal the tunnel 

EXPLANATION disclosea a brecciated 
zone in the shaly p n y -  

Grayw scke wacke. This zone is 
~ h u t  9 feet thick and 

Graywacke breccta cementad appearg to h confined 
wlth quartz,showingdrp to the hnngina wall of 

the fault. It trends N. 
Quartz vein showing dip 16" E. nnd dips dB0 

L-l N W. me fragments of 
Fault 

10 0 SO Feet 
graywacke in the brec- 
ciated zone are cemented 

F I Q C R ~  15.-Sketch pun of EleInor Proflwct tunnel of wit,h qllart~. nlaRg Of 
Htrst-Chlchagof UInlng Co. 

the joints in the vicinity 
of tho intersection of the srnnlI fault and the breccint~l mane arc! 
filled with thin quartz veinleh. 

FALCON AEM PROEPECT 

The Falcon Arm prospect was formerly owned by the Falcon 
Mining Go. The p u n d  was mlocatd in 1938 by Carl Bergstrom 
and Gus Gustafson. The prospect is near the head of Falcon Arm 
on the southeast side. 

At about 185 fwt above sea level a crwscut has b n  driven for 
2,260 feet S. 59" E. Abut  1,200 feet from the portal e drift has 
bccn turned southward for a distance of about 750 feet. (See pl. 29.) 
The country rock is chiefly massive gravacke, which has an average 
strike of about N. 50" W* anri n. dip of nbout 70" STV. The p y -  
mwke is cut by numerous dikes of lightalored fine-grained intru- 
sive mck, ranging in thickness from nbout 1 fmt to about 30 feet. 
Some of these dikes have attitudes similar to those of the fanlb  at 
the prospect, otl~ers strike roughly pnrallel to the bedding of the 
grnywatke, ant1 others were npparently intruded along jnints. 
Joints of the principal set h ~ v e  nn nyernge strike of h u t  N. 45O E. 
n ~ l  am nearly vertical. 

The cmscut intersects numerom faults, mostly rather weak, which 
strike from about hT. 35' W. to about Nm 30" E. and which generally 
dip steeply westward. At a distance of 300 feet h r n  the portal 
tho tunnel ex- a fault that strikes N. 25" E. and dips 57" NW. 
A 2-inch quartz rein lies on this fault. At 455 feet fmm the portal 
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there is a fault that strikes N. 12" E. and clips 54" HW. It carries 
FL Cinch quartz vein. At 587 and '105 feet from the portal nre rela- 
tively strong faults, both of which carry narrow qu~r tz  veinlets. 

The drift follows a fault which strikes in general about N. 24" W. 
and dips very steeply to the west. At the intersection with the 
crosscut the fault is relatively strong, but farther southeast it is 
much weaker. Several splits diverge from this fault, partict~lnrly 
into the hanging wdI. Little quart,z was noted on the fault. On 
the fault map (pl. 9 )  a weak fault, of similar trend, is shown in 
the approximate place that this fault should crop oht. This fault 
dies out to the south, north of the southern limit of the area mapped. 

HANSEN & BOfsBAN PROSPECT 

The proapect of H. 0. Hansen and Nick Bolshm is on the east 
side of Elbow Passnge about half tt mile south of the entrance of 
Lake Anna. I-Iansen and Bolshnn hold six claims, some of which 
extend southeastward as far as the south end of Lake Anna. The 
claims are lolawn as the Elbow Passage group and are reported to 
have been staked a h a t  1934. 

The developments consist of a small shaft 29 feet deep, the collar 
of which is about 15 feet ~bove  sea level, and severnl prospect pits, 
most of whieh lie on a slightly curving Iine that extends from the 
&aft about S. 9.5' E. a few hundred feet toward Lake Anna. The 
shaft ia  within a few feet of the beach nt Elbaw Passage. A small 
cabin has been built not far from the shaft. 

The area covered by the claims is low, the maximum altitude being 
less than 200 feet. It is densely timbered. Over much of the area . 
glacial moraine is sporadically distributed, and the ash from Mount 
Edgecumbe is present at  many places over the moraine. 

The country rocks are shaly ancl splintery graywacke, Near the 
shaft the rocks strike about N. 57" W. nnd dip 70" SW. The rocks 
t t f e  distinctly jointed. The joints of the lnost prominent set strike 
about N. 40" E. and dip in general about 80° NW. 

The shaft was sunk on a fnult whose thicknm mngw betveen 1 
foot and 8 feet. The fnult in the shaft strikes N. 48" W. and dips 
84" SW., but near the bottom the dip may be slightly flatter. The 
hanging wall of the fault is considerably more sheared than the 
footwall. Veinlets of quartz  but 1 inch in grimtest thickness that 
fill joints in the hanging wall are cut off by the fault. In the 
bottom few feet of the shaft ribbon quartz as whuch as 1 foot thick 
was visible in the summer of 1939. The quartz contains mall mbes 
of pyrite. 
In the series of smell pits that lie in a slightly curving line extending 

about 8. 45" E. from the shaft for about 400 feet are exposed small 
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but definite faults that may be the same ns that on which the shaft 
is opened. 

A quartz vein ranging in thickness from 6 to 12 inches has been un- 
covered on one of the claims a few hundred feet northeast of the shaft. 
T h e  vein occupies a joint, strikes R. 4D0 E., and d i p  7Qo NaT. The 
quartz is nggy, and the walls are clean and free. The quartz is re- 
porM to ke of high gmde, but no definite figure ~s to its @Id content is 
available. 
In the vicinity of the south end of Lake Anna and Elbow P a m e  

are seveml splits from the f ~ u l t  that extends along Elbow Passage. 
(See p. 71 and pl. 9.) The shrift and pits at  the Hansen and hlshan 
pmpect appear to lm on one of these splits, but that particular split is 
poorly defined on the airpl~ne photographs. 

The six upatented claims of W. D. Baney lie near the southern tip 
of the peninsula that runs southward from Doolth Mountain between 
Ogden Passage and Hlag Bay. The developments consist of a mall  
shaft, now (1938) full of water but reported to be 22 feet deep, and a 
large nnmber of prospect cuts, pits, and trenches. The position and 
size of most of the prospect openings and sume of the geologic features 
nm shown on figure 14, A cabin occupied by Mr. Baney is situated 
new the claims, opposite the northern part of KIag Isl~nd. 

3- 
SM4s and dip d bsddlrg 

B~hnss 14.-Sketch map af Baney pmpeet. 



MINE8 AND PROBPECTS 121 

The area embraced by the claim is low and for the most part mv- 
4 with brush and timber. Many of the prospect openin& how- 
ever, are in and near a swampy area that is practically free of trees 
and shrubs. Morainal deposits and the ash from Mount Edgecumbe 

* are cumrnon on the claims. 
The country rock is graywacke, largely lof the shaly and splintery 

typw. The average strike in the vicinity of most of the prospect open- 
IP 

ings is about N. 65" W. and the average dip about TO0 SW. 
The shaft and a series of prospect openings expose at  intends a 

w& fault aver a djstance of about 550 feet. This fault trends N. 55" 
W. and a p p m  ta dip 60"-75" SW. Prospecting has exposed a few 
qunrtz veidets, mostly in the footwall of the fault These strike 
northeast at diffemb angles and dip steeply northwest, They prob- 
ably occupy joints belonging to the major joint system of the district. 
One winlet is about 14 inches thick and is reported to carrg a h h  
half an ounce of gold to the ton. A short distance south of the 
prospects shown on figure 14 are several outcrops and pros- 
pect pits, over a distance of mveral hundred feet, that revert1 large 
quantitia of chert or silicified dike, The rock is now a mosaic of 
h e - p i n e d  sutured quartz cut by tiny veinlets of slightly coarser 
grained sutured qua&. Shaly graywacke in the vicinity strikes N. 
60" W. and dips 70° SW. 
Locally the siliceous rock 
and associated ~ h d y  gray- 
wmke me crossed by small 
veinlets of quartz, most of 

4 which trend about N. 45" 
E and dip about 80' NW. 

worn P I t O S ~ S  
? 

T h e  nine unpatented 
claims of Mike Wo11 con- 
stitute the Lucky Shot 
p u p .  They lie on the 
west side of Lake Anna 
north of the entrmce from 
K I q  Bay. The pr.incipa1 
p r o s ~ g  has been done 
at three P ~ W S ,  ~ W O  of Dl ke FauH showiredip 

them 1,000 feet apart 19 . , , , P , 

about opposite the salt- m ~ n a ~ :  15.-sketch map or won pmped on -t 
water channel between mid@ of Lake Anna, 

Lake h r t  and Sister Lake and near the heed of Lake Anna. The 
third is about 1 mile farther south, near Mr. Wollt cabin. 

81288141-9 
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At the prospect farthest MU& a tunnel about 12 feet long has 
h driven northwestward along the hanging wall of a dike about 
10 feet tK&. (See fig. 15,) The country rock is mwive  gray- 
wacke, which strikes about N. ab0 W. and dips about 65" SW. Some 
shaly gmywacke is interhdded with the more massive rock. The 
footwaI1 of the dike appears to be an intrusion contact, but the 
hanging wall is la fault contact. Both walle strike about N. W. 
The dip of the hangingwall, fault and of some small mmciated 
faults is abut  80" SW. The dike itself is partly silicified. It 

. . contains much grannlar and interstitial quartz. The feldspar latha 
have been p t I y  Jtered to calcih, mricite, and chlorite. Locally 
the dike is cut by quartz-cslcite-albita veinlets. Amnopyrite and 
pyrite, accompanied by a little quartz and carbonate, are present 
in considerable abundance in the dike near the hanging wall. 1-1 
concentrations of the auEdes were noted near the footwall. That 
at lea& part of the movement an the hsngbg-wall fault was later 
than the sulfide mineralieation is shown by the pmsence on the 
f ~ u l t  of msard-out and pulverized pyrite, In detail much of the 
mineralization appears to have &en controlled by jointa in the d i h  
Locally the sulfide minerals are  present also, with qua&, in the 
pywacke  of the hanging wall. 
T h e  prospeGt jmt described is a few hundred h o t  muth of a 

feature that shows distinctly on an airplane photograph and is 
believed ta be the trace of one of the persistent faults of the district. 
This fault is shown on plate 9. 

At a point about 1 mila north of the prospect jtxgt demribed ft 
trench on a steep @lope about 30 feet above the beach  follow^ a 
strong fault that trends N. 5" E. md dips 62" W, The fault zone 
is aeverral feet thick and carrim as much as 1lh feet of vein quartz. 
The walls of shaly gmywacke, into which mall  splits make off from 
the fault, strike N. 50" W. and dip steeply SW. A tunnel 48 feet 
long has been driven fmm a point about 10 feet above sea level. 
(Sea fig. 16.) About 42 feet h m  the portal the tunnel cuts la fault, 
probably the same as the one described above. Drifts have been 
driven in both directions on the fault. The drift to the north is 
10 feet long, the one to the south about 15 feet. A winze has fol- 
lowed the fault for 14 feet along its dip. At the face of the 
northern drift the fault drikes about N. 1 7 O  W. and dips 4l" SW; 
;n the southern drift, it strikes s h u t  N. 3" W. and dips 4B0 SW. 
At the bottom of the winze the fanlt stiikes abut  N. E. and 
,$ips 51" N W .  As much as 3 inches of gouge mid from 2 to  39 
inches of banded quartz are present on the fault at the tunnel 
JeveI. At the bottom of the winze an inch of gouge i;g present on 
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the fault, and a lentidar mass of quartz, 2 feet in great& thickness 
land conhining angular fragments of graywacke, lies on the footwall 
of the fault. Irregular quartz veiniets cat the pywacke  fmtwd 
of the lens. The footwall of the fault zone ia  sheaed pardlel to 

b. 
the bedding. At the portal of the tunnel the country rock is 
w i v e  and splintery graywacke that strikes N. Go W. and dips 
72" SW, A specimen of quartz from .the trench above fhe tunnel 
consists of coarse-grained interlocking c r ~ r ~ h l s .  The quartz mn- 

3 tains a few small fragments of silicified and sericitized graywacke. 
The quartz in the tunnel is vuggy and locally contains considerable 
plena and sphalerite. 

Abut $00 feet southward dong the sham from the prospect de- 
. wriM above another small fault was observed. This fault trends 

EXPLANAT ION .....,.. "... 
Quartz vwin 

**I* 
SECTlON 

~ d ; + g  north tbm+yh winze Fawft showing dip 
A S 1  " 

Stdke and dip of yeyrvacke 

-=, 25 Feet 

Plunaa 18.-Wetch plan and Bection of WolI proqmt about 1 mlla nam of W ~ l l  cabin, 
f .  

N. lo0 E. to N. 10" W. and dips k 8 O  W. It carries as much as 6 
incbm of wggy q e z  with pyrrhatite m d  amoppite .  The qua& 
dm contains many inclusions of graywacke and a few of green- 
atone ( e l .  

Abut 1,000 feet north of the prospect illustrated by figure 1% 
am two smaII pits in each of which is exposed a quartz vein ebout 1 
foot thick. The pits are aboat 200 feet from the beach, at an altitude 
of 100 fwt. The veins are poorIy exposed but appeer to strike N. 
15" E. and N. 1 7 O  E, and to dip W. snd 60° W. respectively. 

This most northerly prospect is a mrg short distance south of what 
k believed from the photographs to be the Chichagof fa& 



The two prospects of T. A. hderson are on the north shore of 
Sister Itaka a few hundred feet east of the southeast end of the 
salt-water antrance, from h k e  Anna. This locality is 8 short dis- 
tance northeast of the contact between the schist and the grsywacke 
(see pl. 3) and therefore is in the schist. 
The Anderson cabin ia  near the more easterly proqmt, which is 

about 35 feet above sea level and is nn open cut 40 feet long driven 
N. 10" E. into the hillside. The country rock is shaly graywwkn 
with some interbedded greenstone. The strike in the vicinity is N. 
50" W. and the dip 65' SW. At the beginning of the cut is e x p o d  
a fadt that trends N. 10" W. and dips ' 1 2 O  SW. At the face this 
fault has m e d  to IT. 26' E. with a dip of 75" SE. At the face-and 
about 3% feet wmt of this fault is another fault with the same strike 
but with the &per dip of 88" SE. The zone between the two faults 
is considerably broken. As much as 1 foot of qua& is found on the 
more errsterly fault. The quartz is marse-prsined and contains some 
calcite RS well as fragments of siIiufied and .sericitized graphitic 
graywacke. 

The more westerly prospect is & the bed of a small dream 70 f a t  
above sea level. The country mck is shdy gmymacke that strikes 

. N. 45" W. and dips 80" SW. Here s 36-foot tunnel has been driven 
on a strong fault that strikes N. 12" W. and dips 72* SW. About 2 
feet of gouge and sheared m k  lies against the rdativdy massive 
footwall. Intense shearing mntinusd into the hanging wall but ap- 
peaw to have decreased in intensity with increased distance from the 
footwall. Thin leaves of quartz are present in many places between 
layers of sheared shdy grapacke. h l l y  as much as 2 feet of vein 
quartz in pment on or near the footwall of the fault, The quartz a p  
pears to be identical with that of the more emhrly prospect, several 
hundred feet away. From the airplane photogmphs the mom west- 
erIy prospect appears to be on a &rong fault that connects- with the 
Chichagof fanlt under Sister Lake and with the Hirst fadt  abut 
4,000 feet north sf the north and of Lake Anna (sea pl. 9 ) .  The fadt 
therefore a p p m  to link together the Hipst md Chichagof faults. 

Mike McKallick has Btaked some placer ground at the head of a 
mall bag an the east side of Ogden Passage, &bout a mila north of 
Vein Point. A mall dwelling htts been m t e d  on the beach. Some 
prospecting has been done in the bed of a small brook which flaws 
across muskeg- Underneath the pat md muck of the bottom 
is considerable debris, made up mostly of angular fragments of gray- 
wacke, This debris may be as much as 8 feet thick 60 feet from the 
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beach. The ground has been opened incompletely for a distance of 
about 60 feet along the creek, a width of a b u t  24) feet, and a depth 
as great as 8 feet. The graywmke bedrock is hard and irregular. 
The gold-baring material appears younger than morainal material 

C 
pressnt at the prospect and possibly younger than the ash from Mount 
Edg~(:umb. 

The authors panned some of the debris that lies on the bedrock 

ST 
and obtained a concentrate in which wnsiderabIe gold was visible, 
as sharpedged irregular f l a b  as much as 2 millimetars long. Nearly 
all the gold grains either enclosed quartz or were enclosed in quartz. 

I 
One grain enclosed a pyrite crystal. The amiated minerals wem 
hypemthene, which was mated with a thin film of vesicular glass, 
ilnaenite, mite, augite, and plagioc1ase foldspar, Most of them 
minemls appeared to be associated with the volcanic ash rather than 
with the gold. ]Little quartz was noted in the muck and rock 
W e n k  

The depasit is evidently eluvial.l, as shown by the lack of rounding 
of the rock fragments and still more by the angularity of the gold, 
which can have traveled but tt short distance sin= it was freed from 
the enclosing rock. The gold probably m e  h m  ra nearby lode 
that is concealed by the dense vegetation and swamps of the vicinity. 

A ~ I C A H  aom c0.w P R O ~ ~ P E C ~  

The American Gold Co. is reportad to hold a p u p  of 21 claims on 
the peninsula that extends southward from h l t h  Mountain between 
Ogden Passrtge and Rlag Bay. The claims sre about 1 mile gouth 

.t. 
of Chiehwf. The stockholders in 1988 were reported to include 
MBSSTS. Wallace George, president; Jm Thibodeau, secretary and 
treasurer; Jack Mullin, and Mike McMlick. The main develop- 

t 
ment on the. claims is z tunnel, rt t an dti t ude of about 500 feet, which 
includes about 76 feet of crosscuts and 110 feet of drifts on two 
faults. (See Q. 17.) 

The principal country rock ia shaly graywacke. The strike ranges 
from N. &!ia W. to N. 6 5 O  W., and the dip is about 7 2 O  SW. A dike 
about 5 feat thick is exposed underground and is offset by faulting. 
The dike is cornpod principally of lathlike crystals of albite-oligo- 
clase. It is partly silicified. Alteration products are calcite, ~ricite ,  
and chlorite. 

At 80 feet from the portal the tunnel cuts a fault that strikes N. 
SO0 W. and dips about 77" SW. This fadt has been followed for 62 
feet. It has displaced the dike 30 feet on the horizontal projection. 
A few pi- of the dike have Been dragged along the fadt. The 
northmat or footwall side has m d  southeastward relstive to the 
hanging-wall side. Striae on the fault surface pitch 33" SE. 



Another fault that has been exposed by the nndqyound wor- 
about 50 feet sontbwest of the fault just descrited strikes N. 40" W. 
and dips 70" SW- It has been followed for about 50 feat. The 
dike shows in the footwall, but the drift does not extend frrr enough 
northwest to reach the other part of tha dike in the hanging wall. *-' A small o p n  cut about $5 feet t h e  the tunnel has expoaed a 
fault that cuts off a dike, pmsibIy the same one as was seen under- 
ground, in a manner similar to that in which tha dike is displaosd in 
the tunnel. A little quartz is present on the fault. A speck of 0 

gold mas s e n  in a t h y  quartz veinlet that is one of several that 
fill joinb trending N. 35" E. and dipping 75" NW. 

The prospect, as nearly as can be told from the airplane photu- 
graphs, is on or very near one of the more prominent f aulta of the 
district (pl. 9 ) .  Apparently this js the same fadt as the one near 
the most mutherly pmspact of. Mike Woll on L&e Anna. (See 
pp. 121-122.) I I 

Shaly grsywdre Di km 

soo/ 3 - h  
Fault shewing dip Fault showmg pitchd 

s t r ~ a a  on surface 
25 0 25 Feat 

B r a m  lE-SWtch plan of prourn of Amerlmn &Id Ca 

Louis H, Smith i s  tbe holder of four claim, the Jumbo, Duluth, 
Minnesota, and Gold Reef No. 1, that strekh northweskward f r ~ m  
his dock and buildings on the west side of Rlag Bag about thme- 
quarters of a mile south of Chichagof.' (Sea pL 1.) The claims 
are reported to have been staked in 1909,1912,1912, and 1910 respec- 
tively. In 1924 these claims and several others mem optioned by the 
mag Bay Mining Go., which did a considerable amount of under- 
ground work before the option was given up in December 1926. 
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A mall tunnel and shaft on the beach on the Jumbo daim have 
bean described by Overbwk 82 as f O~IOWS : 

At the present time 119171 the workings consist of a tunnel abont 35 feet 
1.m and an IncIined sbait 48 feet deep that Is now filled with water. Ln the 
face sf the tunnel therais a small crushed zone about 6 inches wlde that la 
RllM with crushed slate and small quartz stringem. TWO large quartz strlag- 
era cut across the face a t  an angle to the m a U  crnahed lone. e r I t e  la fnlrly 
abundant in emdation with quartz and also occurs in stringers that cl~t the 
glaty country rock. me country rock is a much-broken arglllitlc graywacke, 
The drlke nnd dip of the fault plane are variable. Where measured at  the 
snrfa~e it Btrikeri N. We W. and dips 02" 5. The pIane flattens t.0 about 45' 8. 
a t  the bottom of the incllne. me material in the dnmp showa brmiated slaty 
particles cemented by quartz in which are rather abundant wellcrpta~lized 
pyrite, some galena, and some ~phalerite. It U wid that the quartz whtch 
showa rather abundant spbalcrlte is ae a rule not very rlcb in gold. Some 
of the beat &mem of tree gold in the region come i m  this prospect. 

The principal underground prospecting of tbe Klag Bay Mining 
CQ. was done only a ~hort distance from the pmspect dwribed 
above. It condshd of the sinking of a 400-foot inclined shaft from 
which wem trlrmed a 200-foot and a 400-foot level. The shaft is 
now f i l l  of water, The 200-foot level vas driven 50 feet S. 53" E. 
and 200 feet N. 5 3 O  W. from th,he shaft. The 400-foot level w ~ s  
driven about 230 feet mutthem and about 1J00 feet northwest fmm 
the &aft,. A few mall  croscuts also were driven. A large nun- 
ber of mall open cuts were dug on the surface in a ~orthmesterlg 
direction from the shaft, but these are now sloughed in. 

h n c h e s  and pits expose rt q u ~ r t a  vein at inhmsls over a distance 
of several hundred feet. T'hese p r q m t  openings are believed to  be 
in the northern part of the Jumbo claim and the southern part of 
the Mkemts claim. At an altitude of abont 110 feet a trench. 
elcposes for M feet horizontally nnd 10 feet vertically a quartz vein 
between 1 foot and 2 feet thick that strikes N. 25O W. and dips 60" 
SW. !I'he quarh is banded and locally has replaced fragrnenb of 
included shalg pywacke .  According to reports this surface qua& 
assayed between 40 cents and $2.40 to the ton on the basis of gold 
at $20.67 an ounce. 

About 50 feet northwmk of the trench just described, on the other 
side of -f. ROW rmk hob, another cut exposes the same vein for about 
25 feet. The vein here is 2 feet thick, strikes N. 45" W., md dips 
55" SW. A short distance farther northwest a pit has uncovered for 
nbout 8 feet a vein 14 inches Chick. This vein strikes N. 80" W. and 
dips 73" SW. Striae on a surface of the fault in which the win lies 
pitch 25" SE* 

About 75 feet northwest of the pit just mentioned is an open cat 
that cmscuts shaly gragraywacke in the hanging wall of ir fault. T h e  

- 

Overbeck, 8. X, ou dt (Bull. 892). oa 11&11R. 



fault is expmd vertically for about 15 feet at the face of the cut. 
The shaly pywmke strikes N. 45' W. and dips 73" SW. The fault 
zone, which is 4 feet thick, strikes N. 35' W. and dips 73" SW. In 
the fault lies a quartz vein 1% feet thick. The quartz is banded and 
is pyritiferous. A e m  joint that contains a quartz veinlet 6 inchd 
thick., strikes N, 45" E. and dips 46" NW. This joint is in the 
hanging wall #of the fault, and the veinlet is cut off by the fault. 
Under the microwope the quartz of the 1%-foot vein is men to b 
c o a r s a - e e d  and distinctly 'banded. The bmd'hg i s  largely due 
to  layers of silicified wall rocks that am somewhat graphitic. The 
quartz is banded also by crushed zones prtrallel to the vein walk. 
Calcite and pyrite were noted in the quk*. 

Near the south end of the Gold Reef No. 1 claim, about 2,700 feet 
N* 42" W. from the W f o o t  shaft, is mather 3 M ,  now fuli of 
water, that also wrts sunk by the Klag Bay Mining Co. This shaft 
is reported to be 230 feet deep and to have two short levels tmed 
from it. 

HILL P BlmKtbND PR0BPgC.P 

Llarles Hill and Ole BerHmd am reported to  bold two claims 
on the east side of Klag Bay about half a mile south of Chichagof. 

A small tumaE on the beach 
is said to be on one of these 

EXP~ANAT!ON cIaims. (Sae fig. 18.) The 
country rock in the vicinity 

Argillacmua groywmke of the tunnel is argillaceons 
graywacke that st,rjkee N. 

Fauh ~ho;n&*ike 58O W. and dips 62" SW. 
The t m e l  is driven from 

ahut 50 feet almg a rela- 
tively weak fault that dips 

10 0 10 40 F& 
63" NE, At the Ace of the 
tunnel the fault is joined 

F ~ m n  18.-Sketch plan of All1 & Bsrkland by another fault that strikes 
prospect. 

W. 2 0 O  W. m d  dips 65" RE. 
This second fault cmps 'out at the k h  about '22  feet north of 
the portal of the tunnel. Each of the faults locaIly cantah a Iittle 
qua-, in rt few ~plplaces as much aa 6 Inches thick. A weU-dhed  
joint with a IittIe quartz forms a low cHff face near the tunnel portal. 
This joint strikes N. 31° E. md dips '13O NW. 

The Chichagof Eatension Mining Co., of which VV, V. Tarbull, of 
Seattle, is said to be the president, was =ported to hold in 1938 



three claims, the Chichagof Extension Kos. 1,2, and 4, on the east side 
of Klag Bay opposite Chichagof. The several pits and open cuts 
examined are on Xo. 4 claim, on and near the divide between mag 
Bag and the mall lake that lies between Chichagof and the head of 
Lake h a .  
The easternmost prospect opening wen is a trench that expms 

a quartz vein for about 30 feet* For about 8 fmt of this distance 
the vein is 3 feet thick. The vein strikes N. 15" W. md dips 80° 
SW. At the southeast end of the exposure it appears to pass into 
several cross veinlets. The country rock is &dy p y w a c k e  that 
st.&= N. 5 6 O  W. and dips 70" SW. 

Abut 65 feet M. 18" W. from the trench just described is another 
one that 6- far about 20 feet a vein from 6 to 14 inches thick. 
This vein trends N. 8" W. and dips 65' W., but at its north end 
the strike swings to a more westerly direction. 

These two trenches are separated by abut  430 feet of swampy 
g r o ~ d  (musk%) from a longer trench thet exposes for 14Ll $feet 
a quartz vein as much as 1 foot thick. This exposure is about N. 36' 
W. from the two maller trenches. The vein trends N. 2 9 O  W. and 
1s vertical, This prospect is wry close to the southeast end line of 
the Andy claim. 

H & ? Y  AND ANDY P R O B m T 8  

The .Handy and Andy claims lie on the east side of Hleg Brrg 
opposite Chichagof. They am reported to be the property of the 
Handy-Bndy Mining Ce. The mall tunnel that was visitad on the 
Andy d m i m  is near the beach just south of the b w  of a -11 point 
that axtends from the east shore of the bay toward t he  island near 
the dock at Chichagof. The country rock is shaly graywrtcke. The 
tunnel, which is 67 feet long, has been driven on a small fault. 
Accordine to re- 
ports tG3 tunnel 
was driven by the 
Chichagof Exten- 
sion Mining Co. on 
what was then its 
No. 3 dsim. 

The Handy tun- 
nel (see fig. 19) is 
at the north base of 

Em 
Massive grayw 

-s Fault showtng 

F ~ u a m  10.4ketrh plan of Handy tunnel. 

the small ~ o i n t  mentioned above. The tunnel is about 80 feet long 
and expokes three small faults. The country rock is massive gray- 
wade. What appears to be the principal fault, on which a winze, 
now full of water, was sunk, strikes in general N. 60° W. and dips 
60" sw. 8 
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ALASgil CHICHAGOF MINING CO.'S M l N E  

The Alaska Chidh~of Mining Co. holds a group of claims stretch- 
ing across the divide between H1~g Bay and Ogden Passage. The 
principal mining and prospecting operations have Been carried on 
in a small mine near the shore of mag Bay about 2,500 feet sauth 
of Chichagof. The chief owner is reported to be Nick Bez. Amrd- 
ing to reports the t m e l  was stnrt.4 by Mike McKallick in 1088, 
when he claimed the ground. It is said that Bez later bought McKal- 
lick out. 

Between April and December 1936 mining and milling was done 
for the AlnsktE Chichagof Mining Co. by the Chichqpff Mining Co. 
A to ta l  of 802 tms of ore was mined. This ore had an assay value 
of a little. more than $35 to the ton and yielded a little more than 
$9,00Q worth of gold and silver, McKallick reports some production 
before the mining of the ore by the Chichagoff Mrning Co. 

The tunnel, which is mostly a drift, was driven about 115 feet 
to  a point from which one branch tunnel, the southerly one, has been 
driven about 110 feet farther. A more northerly b n c h  tnnneI, 
about 195 feet long, has been driven hmn the same point, 115 feet 
from the portal. An inclined shafi, that dips s h u t  MD SW., has 
been sunk from the surface through this tunnel at about 42 feet 
from the surface and on down to a depth on the incline of about 
142 feet. Below the tunnel the shsft w&s in 1938 full of w ~ ~ t e r : ~  
(See fig. U).) 

The principal muntry rock is shaly graywacke, but a small dlke, 
offset about 4 feet by a fault; was encountered near the face of the 
southerly tunnel, and two small dikes were cut in the northerly 
tunnel, one at the ore shoot and the other abut 55 feet from the 
face. At one place the strike of the bedding is N. 78" W. and the 
dip 55" SW. ; at mother the &rke is M. 6 4 O  W. and the dip 7 3 O  SW. 

The tunnel was driven on a strong fault zone to f i e  place where 
tke branches atarked. At abut 97 fwt from the portftl quartz a g  
pears in the fault, and the northern brmch, at 115 fwt, follows 
the frtul* with quartz to the vicinity of the shaft, where the quartz in 
a short distance thickens to about 5 feet for nearly 20 feet,. Beyond 
the dike at the ore shoot quartz is present for about 15 fed farther, 
but this mm iS now largely conmld. The fault continues, but in 
greatly decraased strength, ta a point about 80 feet from the inclined 
shaft, where it appears to die out. Another very weak fault is 

- fallowed by the northern b r m h  tunnel most of the rest of the wt~y 
to the face. 

'Tbia pmperb wn@ agaia vlalted brlefiy In 1989. P r o m u g  work on the msln level 
la rrhown In 3mre 20. TBe shaft wag being pum@ oat at the tlme of tbIs later virrit. and 
a lower 1%w1 warn entered, but not enough Ume was avallnble to study adeguntely the 
complex geologic fytnrea therein. 



Several splits, which appear to curve into the bedding, were Been 
along the  pa^ of the tunnel between the portd and the place where 
it branches. The hanging-wall side of ths fault appears ta mntinue 
into the ground between the two branches of the tunnel. For about 
85 feet from the fork the southerly tunnel is st crosscut. At that 

3 distmce is encountered another well-defmed fault which i t  followed 
to the face. 

EXPLANATION 

b,. Dike 

Quartz 

Fauft showing dip 

Froma 20.-%ketch plan of Almka Cblchagot Mlnlng Co.'n mlae. 

It seems p&b1e that the ore shoot, from which  ha^ come the 
pmdnction and which WRS mined over a stope length ranging from 
10 to 35 feet and from a pint 142 feet down the shaft to a point 
within 15 feet of the surface, is on a split from the main fault that 
was foUowed from the portal and that the main f anlt continues into 
the unsxplared gmmd batween the two branches of the tunnel. 
Unfortunately the work done in 1939 did not open ground far 
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enough southwest to prove or d i s p m  definitely the continuation of 
the fault that pasm into the tunnel wall at the fork, 116 feat from 
the portal. (See fig, 20.) 

LILLIAN AND PRXNCEIA PBOS-T 

Mike M c m  is said to  be the owner of & p u p  of 16 claims 4' 

that extends from mag Bay to Ogden Pasaap between the elrtims 
of the Chichagoff Mining Go. on the north and those of the Alaska . P 
Chichagof Mining Co. on the south. His company is d e d  the 
MoTIdick Chichagof Kws,  Ink 

A long veinlet that occupies a joint haa been & by a trench 
and several pits for a distance of about 300 feet on the Lillian and 
Princela claims. T h e  altitude of the pmggct is a h t  250 feet. The 
country rock is largely massive graywacke, but same shaly graywacke 
is present dm. The rocks strike N. 33O W. and dip 75" SW. The 
vein, which reaches 1 foot in t h i c k  (see pl. 311, trends N. 42" E. 
and d i p  '30" NW. h a l I y  the vein splits, and a small split shows 
on plate 31. In plaws the quartz is mmpanigd by wnsi&rabIe 
pyrite snd galena. 

W R A  PBOSFECT 

Tha Flora claim is an old claim, reported to Im p a t e n a  that is 
now surrounded by ground claimed by the McKallick Chichagof 
Mines, Inc. A tunnel on the cIaim is at an aItitude of about 680 
feet. The tunnel is about 90 feet long and was driven N. 22" W. 
along a fault that is distinct but not prominent. The wall rock of 
the fault is ghdy gmywacke whose average strike is abut N. 5T0 W. 
,and whom average dip is about 66" SW. The fault dips 50" SW. 3 
Betmn 20 and 30 feet from the portal o w  several veinlets that dip 
south at different angles. These appear to merge at the fault with - 
it vein, rts much as a foot in thickness, that follows the fault to the t 
faca Considmble calcite is present in ths vein. 

The Ehnlon prospect is on the, west shore of Ogden Passage, 
about six-tenths of a mile north of Drip Point. According to the 
Imation notice, the claim was staked by Hanlon in 1933. An opw. 
out about 25 feet long and 12 feet deep at  the face has been driven 
into the cliff from the beach. About 100 feet northwmt of the cut 
is a trench abut 60 feet long, the sides of which are now sloughed 
in. The country m k  in t h ~  vicinity is grtlywacke. In the cut on 
the beach s fault is e x p d  that trends about N. 4U0 W. and dips 
SO0 SW. Qua& a few inches thick is present in the fault at the 
fa& of the cut, and quartz about 5 inches in greatest thichas was 
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o k w d  in the dump of the trench. The quarts contains pyrite 
and amnopyrite, the ktter mostly a mplamment mineral in gray- 
macka inclusions. A little mrhnata is also present. 

T I L L S O W  PBOSPECT 

3 
Two claims on h l t h  Mountain, the Bear FakRsion and the 

hna ,  are known as tho Tillson claims. The Bear Fatension claim 
o is reported to have hen staked originally in 1912 by Knute Knutson 

and Ole Berkland and to hare passed to Tillson in 1915. The prin- 
cipal prospecting on the claims has h n  done by mesns of a tunnel 
about 95 feet long thst lies about 4,300 feet S. 87" E. from the post 
offica at Kirnshan Cove. The tunnel was driven N. 47" W. along 
two faults about 6 feet apart, The dip of the footwall fault i s  
a h t  50" SW., and that  of the hanging-wall fault a little steeper. 
About two-thirds of the way in the tunnel the hanging-wall fault 
cumas to the left, away from the tunnel, and has not been followed 
farkher. For a distance of 35 feet the footwall fault contains a 
quertz lens about 1% feet thick. Quartz is also IocraEly pmwnt in 
the hanging-wall fault. 

Several prospect pita were examined on the Gloria B. claim of 
W. D. Baney, on the northwest side of h l t h  M O U I ~ ~  The larg- 
est pit is about 200 feet soathrwst of the marl  lake shown on plah I. 
hem1 smaller pits N. 25" W. of the largest pit am distributed 
dong a line about 1,000 feet long. The mun try rock is chiefly gray- 

t w d e .  Many of f i e  smaZler pits expose white chert. At the Iargest 
pit the g r a ~ a c k a  drikes N. HI0 W. and dips about 80" .SW. A 
kh-appaaring dike is hem cut by quartz veinleta, containing 

.* pyrite, and by a ma11 fault that strikes N. 75" W, and dips 50" SW. 
The amount of displacement of the dike by the fault is apparently 
1- than 10 feet 

Tha Chidhagof Prosperity Mining Co. holds nine ahaims on and 
aestr the south side of the entrance of Kimshan Cove. The Hirst- 
Chichagof Miliing Co. optioned the claims in the fall of 1938, sunk 
a prospect shaft, and did considerable drifting during the winter 
of I93M9. This work is shown in plate 80 by dashed lines. The 
company gave up its option in 1939. 

The principal work has been done on t h ~  northern pad of the Chi- 
&ag.of Prosperity No. 2 claim, where two turnel8 and mwml pits and 
trenches'have hen opsnd. (See pl. 30.) The country ruck in the 



vicinity is gr~ywacke, mostly rnw9i-m The gatem1 &dm mpproxi- 
ma& N. 86" W. and the gene& dip is probably about SW* The 
more northerly tunnel is about 45 feet long and is about 8 feet above 
high tide level. In this tunnel is exposed a fault that strikss about 
N. U0 W. and dips %20-M0 SW. Several smaller faults are present r 
in the hanging wall of the main fault, and mme of them split from 
the main f adt into the hanging wall. The larger fault locally mn- 
tains as much as 8 feet of quartz and the mnaller as much an 1% feet. + F 

Along a large part of the tunnel the hanging wall of the principal 
fault contains many qwrt8 veinlets, as much as aaveral inchea thick 
individually, that  lie in difleerently oriented join&. 
In a pit about 10 feet deep that lies at an altitude of about 69 feet, 

192 feet 8. axQ E. from the portal of the tunnel just dmribsd, are 
exposed three quartz veins, each 14 hchm thick. One of them veins 
trends N. 41° W. and dips 6U0 SW. and appears to lie in a fault zone. 
The others appear to be ~plits into the footwall of the fault me. 
About 60 feet farther southeast a vein 2 feet thick show8 in a small 
prospect opening. This vein appears to lie in a fault that strikea N. 
W0 W. and dips 50* SW. In a large, pady  sloughed pit about 90 feet 
S, 60° W* from the prtd of Ithe southern tunnel 8 kchas of quartz in 
place is expmd. About 55 feet southeast of the pit is a small, old 
tunnel, now caved. 

The southern tunnel (1938) is a crosscut about 160 feet long. Near 
the fnce it cuts n hult  that strikes N. 13" W. and dips 69' SW. A 
quartz vein from 1 foot to 2 fest thick mupies the fault. A whm, 
fulI of water when the tunnel was surveyed in 1938, hrts been sunk on 
the vein. Whether or not; the -ins seen in the two tunnels and in 3 
the p r o w  pits am all parta of one md the same vein ia nut h o w n  
Probably they are either prts of the same vein or at l& m p y  

associated faults and splits of one fault zone. t 
The prospect openings made in 1939 have not been visited by the 

authors. 
W I R r n O ~ C g  FROB- 

The Marinevich prospect lies at an sl-titud~ of abont 250 feet dong 
the m dl stream that enters Kimshan Cove dmut 1,000 feet northeast 
of the HirebGhichagof Mtlljng &.'s dock. The muntrg Tock at the 
pm&t IB &ply graywacke that atrjkes N. $5"' W. m d  dip8 63" SW. 
A 27-f&. t u h l  has k e n  driven S. 6 2 O  E. from the bed of the stream 
along a mall but definite fault that dips 80° SW. No quartz was 
sean on the fa&. Near the portal of the tunnel and in the footwnll 
df the mall fault mentioned is another fault that strikes N. '15" E. 
and gZipe 8S0 SE. This fault contains as much as 4 inches of quartz. 
Quardz M thick aa 1 inch is present in many join& in the vicinity. 
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MoKdLWCg PROSPECT 

Mike McKallick is reported to own eight claims that cover the 
divide between Black River and the &ream and small lake about 2 
mil- northeashard up the Hoonah S m d  tmiI from Chichagof. The 

I principal developments consist of two short tunnels about 500 feet 
northwest of the northwest side of the; smell lake. The upper tunnel 
is at an Jtitude of about 710 feet. T h e  tunnel is 35 feet long and 

q runs N. 15" W. along two closely associated fnnlts that dip 55" SW. 
The country m k  is shaly grapacke. On nnd between the two 
faults near the tunnel portal is about 5 feet of qunrtx. T h e  quartz 
continues for only about 10 feet into the tunnel. Directly toward 
the lake from the upper -el and rrt nn altitude of nbout 620 feet 
is another tunnel about 55 feet long. This lower tunnel exposes a 
small fauIt that mts massive graywacke. 

BAUEa PROB- 

Joe Baner holds four claims, Radio Nos. 1, 2, 5, and 6, on Herbert 
Graves Island near its enst end. Rauer and Soni are also r e p o d  
to own two patented claims and to hold two unpatented fractional 
claims on the opposite side of O$en Pasmge muthwest of the Chi- 
chagof Prosperity Mining Ca.C group of cleims. On the claims of 
Bawr and Soni there are reported to  be'an open cut 50 feet long, 
which exposes a fnce 35 feet high, and a 20-fmt tunnel on the beach. 
On the Radio No. 1 claim on Herbert Graves Island there are two 
tunnels (fig. 21). Tha lower and longer tunnel starts about 10 feet 
above high tide ~ n d  extends for a b u t  467 feet in in general N. 4B0 IT. 

- 
C direction. The tunnel runs principalIy along a welt-defmed fault 

that dips 40"-76" SW. Quartz as much as 1 foot thick is present 
in places on the fault. From the portal for about 270 feet the tunnel 

.* exposes also a split from the main fault that trends Y. 53" TV. nnd 
dips '74O-85* SW. In some places the main fault zone is narrow, but 
in othem it occupies the full width of the drift. Striae on the fault 
surfnce pitch 25" ta 3 3 O  SE. This fault is about 150 feet northeast 
of a well-defined fault trace that may be t.he trnee of the Chichagnf 
fault. 

The principal country rock is massive grapwacke, and-the gen- 
eral strike is about N. 65" W. and the prevailing dip gbmt TO0 SW. 
Near the face of the tunnel a dike with a maxim* e+ed thick- 
ness of a b u t  6 feet is present in the footwall of the fault but was 
not seen in the hanging wnll. Tha fault is about 2 feet thick at the 
p m n t  face (1#9). The dike is locally mineralized with pyrite 
and ammopyrite. The dike end the graywacke are cut b~ em? 
joints, some of which contain quartz veinlets. The vein? ets"cantam 
pyrits and ammopyrite, 



The upper tunnel on the 
claim is at an altitude of 

/ 
Z about 160 feet. It liw 

about 530 feet N. 58" W. 
from the portal of the 
lower tunnel and is ~bmt 
25 feet Joq. For 10 feet 

EXPLANAT~ON near the face is: exposed a 
small fanlt that strikes M. 
71° W. On the northwest 

Dike 

-m end the fault dips 'lOo NE. 
and on the southeast end 

%sly graywscke 70" sw. on the south- 

m west side of the fault lies 

Massrve graywacke 
a dike about 6 feet thick 

73-Y The shaIy grnywacke that 
Strike and dip of 
wing o r  of contact lies southwest of the dike 

6 1 ' ~ '  
Quartz vein#shwl@ dip 

strikes N. l Q O  W. and d i p  

7pJ 
5 5 O  SW. Like the dike in 

FaulC showing dip the lower E t u u ~ d ,  the 6-foot 
25qd 

FaulGshow~ng pitch of dike is JocaIIy mineralized 
striae on surface with pyrite and arseno- 

5 ~ 1  o pyrite. The 'dike and 
l # L . * I  

shaIy g r a y w a c k e  are 
crossed by joints that 
t m d  N. 9"-25° E. and 
dip 70"-8Q0 NW. Some 
of the joints c o n t a i n  
quartz veinlets as much as 
4 jnches thick. The upper 
tunnel appears to be on or 
very close to the trace a2 
the fanIt that may be the 
Chichagof faalt. 

GO- H A r n  
PROBPECTB 

T h e  Golden Band p m -  w 

pats, which are reported 
to tm owned by H. J. Ann- 
strong and Joe Nylmd, 
conprim six claims in the 
drainage basin of the creek 

Frnllm 21.-=etch plan of p r o a ~ c t  tantrds on Radfo 
NO. I c ~ m .  that enters the haad of 
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Pints Bay from the eaat. The Nylmd cabin is near f i e  creek and 
about 2,500 feet aast of iB mouth. 
The highest prospect examined is at rtn altit,lade of about 420 feet, 

about 2,050 feet S. 76" E. of the cabin At this place a mail open 
cut expse3 limestone that is intruded hy biotite-albite-quartz diorite. 
Tbe intrusive rock is a small mass, a few outcrops of which are 
shown on plate 3. The mass is probably somewhat larger than indi- 
cated on that plate, as it is partly concealed beneath a cover of 
g l a d  moraine and vegehtion. Mi-pic examination of the 
intrusive rock shows that the plagioclase has been partly saussuritimd 
and the biotite ehloritized. Thjs alteration may be due in part to 
the effect of the mineralizing solutions. The contact of the intrusive 
rock with the limestone, as exposed in the cut, is a minor fanlt that 
sfxikeg about N. 30" W. and dips 86" SW. Close to the fault the 
limedone has been r e p l d  by vuggy rusty quartz. Interlocking 
quartz pins enclose wisps of wrjcita A specimen taken some- 
what farther away from the fault is limedune breccia stained by 
limonite and cemented by interlacing small prisms of quartz. Still . 
farther from the contact the limeatone contains veinlets and kidneys 
of coarsely crystalline calcite. A few specks of .gold in quartz 
veinlets were seen at the prospect. 

hother prosp~ct is at an nltitude of about 305 feet about 1,660 
fwt S. 62%" E. from the cabin. There several pits penetrate the 
moraine. One of them exposes an intrasive rock similar to that nt 
the prospect just described. The other pits expose lime8tons. The . 
limestone is cut by two weak faults, which may Zw continuous be- 
neath the morainal cover for a distance of 20 or 80 feet and which 
strike a b u t  N. 14" E. and rtm nearly vertical. Along these h l t s  
breeciated rock is cemented with calcite a d  qnarkz. 
k third prospect iia at an altitude of about 100 feet in the bed of 

a mall creek It is about 670 feet S. 591/,O E. from the cabin. Hero 
a mnll  cut haa exposed schistose limestone that strikes N. 50" W. and 
dips 51" SW. A strong fault is parallel to the foliation of the 

+ 
schistme liestone. Other prospect pits of this group, indicated on 
plate 1, were not examined. 

A sbk company, d e d  the New Chichagof 'Mining Syndics$ is 
reported to hold 17 claims in the vicinity of the head of Pinta Bay. 
The &mrs are mid to be Oeoqp &born, president ; Louis Delabeque, 
mretary; and Joe Stocker, treasurer. The manager on the properby 
during the summers of 1938 and 1939 was Max Behrmann. A cabin, 
owned by the wmpany, has h n  built a short didanca up the c m k  
that enters the head of Pinta Bay from the erast. At the portal of 
the longer tunnel are a compressor and a mall bTnclrsmith shop, 

81238141-10 
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The principal underground development is rt tunnel about 795 fgst 
long from which have k e n  turned a few short cm~lscuts. (See pl. 
32.) This Itnnnel is about I,!K)Q feet east of the mouth of the c m k  
abova mentioned and at an altitude of nbout 180 feet. A shorter 
tunnel, about 145 fwt long3 has hen  opened about 88 feet a b e  the 
lower tunnel. The property was examined in 1988 and was ~isited 
briefly in 1839, but the map and the description represent conditions 
in the m m e r  of 1938. 

Both tunnels are principally drifts an a stmng fault zone that 
trends in general about N. 36' E. but ranges From about N. 20" E. 
to about N. 40" E. The fault zom dips about S5'-86" NW and the 
average dip is probably about 6V NW, In some places the fahlt 
movements apparently weTe lafgely confined ta a narrow mne only a 
few inches thick; in other places the fault zone 5s =vend feet thick. 
Locally splits diverge from the main fault. Some of them p ~ s s  
into the footwall and others into the hanging wall. Here and them 
the fault divides into seven1 smaller faults that diwrge a few feet 
from each other, continue for 50 feet or less, and then come together 
again. In the horizontal projection the djsphemenb along the fnult 
zone has been about 92 feet,. Locally the d i sp lwent  appears to 
be as little aa 10 feet. At one place, however, about 580 feet from 
the portal, it is 40 feet, but here the structure is complicated by 
smaller faults and is not well understood, The northwest or hang- 
ing-wall side of the fault has moved nortbwestmrd d a t i v e  to  the 

. footwall sjda The mrti-1 component of the movemat is not known. 
The countrg rocks exposed in the principal tunnel include thin- 

bedded limestone, limy shale, graphitic shale, greenstone schist, schis- 
tose limestone, massive limeatone and marble, massive to intensely 
sheaced diorite, and dike rock. The first rock in place encounterd 
in the tunnel is foliated siliceous greenstone. This rock prevails to  
a point about 300 feet from the portal except for interbedded h y m  
as much as 28 feet thick of shale, limy shkle, and thin-bedded lime 

' 
stone, which are mapped aa a unit on plate 32. The shale, limy 
shale, m d  thin-bedded limestone are the principal rocks from 300 
feet to  hut 390 feet from the portal. A band of interbedded more 
massive limestone about 6 feet thick is preaent in that part of the 
tunnel. From 390 to 715 feet fmm the portal the predominant wall 
rocks are datively maasive limestone and marble. This calcareuus 
section begins with about 11 feet of schistose marble that contains 
considerable muscovite (or talc). From about 578 feet to about 
637 feet from the portal on the hanging-wall side of the fault zone 
is.massive albitjzed diorib. T h e  diorite is locally intensely s h e a d  
near faults and is indistinguishable from the m k  mappd as peen- 
stone. A dike that attaim it maximum ohme$ thickness of about 
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8 feet is intruded into the massive limestone and marble at the end 
of a m a l l  m t  about SO feet from the face and in the mnin 
tunnel about 50 feet from the face. 
was observed to range from N. 10" W. to N. 80" W. and the dip 
Mu W. Their attitude is not very uniform however, and tha strike 
was observed ts rgnge from M. 10" W. to N. 80' W. and the dip 
from 40" to 8ga SW. 

Locally brecciated zones have been dweloped near ths main fault 
zone. The massive limestone and marble appear ta have been par- 
ticularly susceptible to brecciation. The herniated zones are very 
irregular and are present h both the hanging wall and the footwalr 
of the fdult zone. Some zones were seen to continue at least 10 fest 
fmm the fault zone, and they may extend farkher. These irregular 
breccia zones are distinguished on pIate 32. The breccia frtgmenta 
are from a small fraction of an inch to mare than 1 fwt rtcrms. 
Quartz is tho common cementing materisl, but gome calcite is pres- 
ent also. Locally masses of coarse calcite seventl.feet across lie in 
the bmcciated zones. 
In many places the solutions that traveled through the fault zones 

have altered the wall rocks and changed their appearance. The 
dark-colored siliceous greenstone is the most conspicuously changed 
and has taken on a light buff color. The principal mineralogic 
changes appear to be the nddition of silica rts quartz and the remora1 
of chlorite. The altered zones are in places 2 feet thick an each side 
of the fault. Albred zoneg 1 foot thick were noted along some 
relatively small splits from the main fault zone. 

Quartz abut 8 inches in greatest thickmew is p-nt ImaUy dong 
the main fault zone, Much more quartz, however, is p m n t  as 
the cementing material of the breccia The quartz-cemented b m i a  
is said to constitute the ore at the property, 

The geology of the upper tunnel is similar to that of f i e  lower 
tunnel, but the variety of m k s  is not as p a t  beeam the tunnel 
is much shorker. The upper tunnel appears to lie an the same fault 
zone as the lower. 

COBOL =ol3mcCr 

The Cobol prospect includes a group of claim an tbe north ddle 
of Island Cove, a small bight on the northeast side of S l m m  Arm, 
6 miles mutheast of the entmnce to Ford A m  and therefom out- 
side of the district m mapped The claims are neported to be owned 
.by Frank Cox and George Bolyan. The prmpect was visitd In 
June and July 1939. 



Several dwdings and other buildings have lwm erected on the 
beach near the foot of the tramway and near the two tunnels. The 
lower tunnel, at an altitnde of about 555 feet, is about 1,880 feet long; 
the upper, at an altitude of about 860 feet, is about A40 feet long. 
The porkd of the lower tunnel is a b u t  1,530 feet N. 3 2 O  E. of the 
buildings on the beach. The greater part of both tunnels ia driven, 
along a fault zone (see PI. 33) that has ax1 average trend of I?" 6 O  E 
and is nearly vertical The fault cuts graywacke which has an 
avemge strike of about N. 25' W. and dips about 75" SW. A light- 
colored dike (se~ pp. 44,45), which has apparently been intruded along 
the fault, has b n  sliced into lenm of diflemt sizes by renewed 
movements on the fault, Much dike rock haa been dragged in tha 
fault mne. The direction of motion on the fmlt waa such as to 
offset the west side to the north, dative to the cask side. 

The vein materid consists chiefly of gouge and milky quad .  
Locally the qua& has a ribbon structure due to fiIms of graphitic 
material. The maximum observad thickness of the quartz vein is 
about 1 foot, The metallic minerals visible in specimens of the ore 
are pyrite, galena, and gold, but they form ib very m a l l  pemntage 
of the ore. &Id was observed locally in fradum in the dike rock. 
Tha t  mme of the fault movement was later h n  the depmition of 
tha are minerals is shown by pyrite d gold =eared along fault 
surfaces, 

CONQRE88 GLbIMB 

The Congress claim are on the west side of Efill Island a ~hort 
dist~nm west of the mapped area. A tunnel about 25 feet long ia 
about 1,800 feet northwest of the north side of the enhnca to h- 
perial Passage. Amording to Overhck:* who described the claims, 
the property was in 191.8. 

The principal mun try rock of the vicinity is graywacke a t  strikes 
about N. TO" W. and dips about 70° SW. The mnst prominent 
joints strike about N. 86" E. and dip about 85" NW. Stretching is 
present and pitchea about 54' SE. At the tunnel a gmen&ne lens 
about 25 feet thick lies in the graywacke and is esmtiallg parallell 
to the local structure. The upper part of the lens is massive, but 
the lower 10 or 12 feet is schistose. T h e    chi st contains numerous 
quartz lensas and rodlike M i e s  an inch or so thick and several 
inches long. Most af these parGIel the foliation, but g m e  cross 
it. The schist is a quarh-chlorite-magnetite rock that has been 
partly repIaced by a mosaic of clear qu~rtz grains and later By 
sparse calcite, chabopyrita, and pyrrhotite. T h e  sulfide minerals 

Owrbsck, R. Y., GeoIom mud mlneral remuw of the went maat of ChlchmC Idand: 
U. 8. Oeol. 8nrvc-7 Ball. 692, PP. 125-124, 1011. 
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am in the quartz bodies ind on the foliation surfaces of the schist. 
No ore minerals were observed in the grapacke in which .the 
greenstune lens lie& 

The Koby & She+ prospect is at an altitude of about 100 feet 
abut  1.6 miles S. 53" E, of the southwest side of the head of Lisian- 
ski Inlet. A graveled road, 1.8 miles long, constructed by the Forest 
Semice, leads from a houx near the head of the inlet to  the mine 
buildings, which are on a small creek. All prospact openine .s on 
the east side of the creek, which is entrenched about 50 feet below 
a. mu&eg-covered bench that flanks a broad lowland stretching be- 
tween Lisianski Inlet and Hmnah Sound. The northernmost pros- 
~t is a stripped surface about 60 feet long. Here a large quantity 
of quartz is exposed, but the attitude of the vein is o h r e .  The 
general trend appears to be about N. 80" W.; the dip could not be 
ascertained. Individual quartz bodies are at least 3% feet thick, but 
the walls am indefinite. Locally tha vein contains sulfides and green 
sericite. At another prospect opening about 220 feet to the southeagt 
a %foot vein is exposed for a di&ance of about 4 feet. Its strike 
appears to be &out N. lo0 W. and its dip 86" E. A third prospect 
opening is a tunnel, 10 feet long, in schist. At the portal a lens of 
quartz 4 feet thick appears to have a flat dip, which msy be due to 
surface slump. The county rock is a soft chlorite-quartz schist that 
contains a little pyrite near veins. 

A longer tunnel (fig. 22) has been driven just above the creek level, 

I;. 
in an endeavor to intersect at a greater depth the bodies of quartz 
men in the upper pits. Abut  26 feet from the portal the tunnel 

r cuh a fault t ha t  strikesnorthand dips about 8 3 O  E. AAt 80 feet from 

3 
the portal is a minor fault that trends N. B0 W., dips a b u t  60" NE., 
and contains quartz ]en= as much as a foot long and 8 inches thick. 
This may be the aama as the one on which lie the quartz l n s s  ex- 
posed above on tbs hillside. T h e  quartz Mica seen on the d m  
are apparently cigar-shad, with their longest dimensions lying 
nearly horizontal in the fault zone. At 90 feet from the portal, on 
the north side of the tunneI, is exposed a zone of quartz l e n ~  that 
contain chalcopyrite and reach a thickness of 8 inchea At 107 
feet is exposed ra minor fault that strikes north and dips 80° W. 
This fault contains a little quartz. At 115 and 122 feet from the 
portsl sre irregular zones that contain lenses of gIassy quartz with 
a little pfite. At 160 feet is a fault zone, with a little quartz, that 
trends north and dips 6'1" E. 



The COX, $Olyan & Laberg property consists of nine claim in sn 
airline distance of about 4 miles K. a* 6. of the head of GouIding 
Hfirbor. These claims, according to Gearga Dolyan, were discorered 
snd located in 1921. by Frank and Ed Cox, Ollie Loberg, and Mr. 

Bolyan. The claims 
Horth wem bonded to the 

Pints Bay Mining 
Cs., which in 1$23 
built a light-mi2 
tramway, now in s 
state of dimpair, b- 
tween the prmpscf 

u t t  with 4.inch nnd the h e a d  of 
Gorllding Harbor .  
This trrrrnway ia 
about 5 miles long. 

The veins and the 
development w o r k 

rr sene w i t h  np to the f nll of 1923 
h ~ v e  . been dsscribed 

Since his visit fur- 
ther work has k n  
done on the No. 1 EX PLANAT I ON 

......a h,. 

rein. A m d i n g  to 
Jfr. B o l y a n ,  the - 

Quartz 

claims reverted to 
4 

A i  
fault shoving dip the partners men- 

A K' 
t iond above, and in -T 

Strike and dip 1933 thm men pm- 
chased and installed 
a Gibson mill, which 

o so FE CT U wnsoperatedfor 25 
L l l l l l  days in that year. 
m- 22.--sketch or mnntl nt Kobr t 8 h e m  ~ h ,  mill was op- 

prwpect. 
eratd during parts 

of the gnmmem of 1sM and 1935. The mill and machinery were 
removed in 193%. Mr. Bolysn eetimatm that s h u t  135 tom wae 
milled and that about @,500 in gold w ~ s  m o v e d .  

pigum 23 is i p l o g i c  sketch map of the part of the workings on 
win No. 1 that has been productive. The portal of this tunnel is 

~ B u d ~ g  L F., Mineral 1nvertIP.tlom In wathclmtern Alamka: V. 8. &ol. 
773, pp, iae-lsa, 18% 
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about 100 feet behind the mill. The length of the stope, m e w u d  
along the drift, is about 70 feet. The height of the stope mas esti- 
mated at 40 fmt. Hear the edges of the stope the vein is about 2 
feet wide. The portion stoped is almost entidy in dite-quartz 
diorih. Th.e vein is much narrower where one or both walk are 

.I greenstone. 
i A specimen of the diorite shows it to b composed of albite, quartz, 

1 .  
biotite, and hornblende, with ra little titmite and apatita. The biotih 
has teen partly replaced by chlorite. Feldspar hss been partly re- 
plaeerl by sericite and epidote. GMilori~ pyrite, and mIcite veinleta 
cut the mk. The 
albite-quartz diorite 
has invaded green- 
s t o n e  m a d e  u p  
largely of an a g e -  
gate of un i form-  
sized grains of albite 
' and quartz, with in- 

terspersed flak& of 
biotite, o r i e n t e d  
mughly parallel to 
each other. The bio- 
tits has partly 
replaced by chlorite* ,$ret t o  PW<@, 
The quartz and feId- 50 S O F P ~ ~  

spar have been irreg- 
fllm.y Tepleced by Frannm 28.4LetFt1 map oi part of worbinga on No. I vdn, 

i Cor, Bolgan & Loberg mink 
aggregates of h e  
mim, with calcite and epidote. Both mcks have been intruded by 

w a he-grained dike, composed of elbite, quartz, and biotite. The 
bbtits is bleached and the feldspar partly sericitized. 

The property of the Apsx-El Nido Mining &I. is on Cann Creek, 
which enters the southwest side of Lisianski Inlet about 5 miles 
suutheast sf Miner Island. It includes 26 rmpahted claims. The 
company i~ mntrolled by Mm. J. H. Cann, of SeattPe. 

The hiatory of the mine befom 1923 bas b n  abdmctd by Bad- 
dingbon ae from reports by B. D. Stewart. According to %. Cann, 
from 1921 ts 1m8 the property was operated by the Apex-El Nido 
Mining Ca. under the direction of J. R. Cann. C)wing to his sick- 
ness the property was not operated from 1928 to 1932. In 1932 the 
property wns optioned by the Condor Mining Co., which did some 
work but gave up ib option in the fall of the same yaar. In 1934 
a Baddington, A. F., op. dt. (BuIl.?73), p p  117-121. 



and 1935 the, property was operahd by the Apex-El Nido Mining Co. 
In 1936 the property waa d. operated, owing to Mr. Cannb d&h. 
In 1931 and 1938 the pmperQ was oprated, under option, by two 
diderent gronps, each of which produd  some gold. 

During the summer of 1939 the property was operated by the Apex- 
EI Nido Mining Co., with VT. H. Marqueth as manager. In the spring 
of 1939 three h v e r  Sub-A flot~tion machines wem installed in the 
mill. It ia reported that during 1939 the mill recovery was better than 
95 percant and that abut  $10,000 waa prduoed. 

The principal underground developments have been in two rninea, 
the Apox and the El Mido. (See fig. 24.) The Apex is opened on 
four levels and consists of about 2,400 feet of tunneb and 1m feet of 
raises. The El Nido is opened on two levels and consists of a b u t  
1,500 feet of tunnels and 800 feet of raises. 

B S G ~  24,-Sketch plan of Apax bnd El Nide miner 

The corntry rmk at the Apex-El Nido property includes several 
types of intrusive rocks, which am apparently related to the Coast 
Range batholith. These include hornblende-bearing pymxenite, 
hornblendite, hornblende gabbro, diorite, and aplitic dike rock. C l m  
to the veins the intrusive rocks have been altered to aggregatas of 
coarse quartz, mricite, calcite, chlorita, pyrite, and arsenopyrite. 

The Apex vein drike8 about N. 4 2 " 4 O o  E. and dips about 45" N W ,  
The vein r a w  in achm from 5 to 48 inches. In p l m  it splih 
into a stockwork of branching veinlets, which .run in nu directions. 
On the high ridge above the mine workings branch veiw from the 
Apex vain were seen ; these h v e  similar strikes but generally dip 
more steeply than the main veim They are more common in the 
hanging wall than in the footwalL The Apex vain on the mountain 
~bbove the Apex mine and more steeply dipping veins in its hanging 
wall are &own on plab 24 B. I 
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The EI Nido vein &xilres N. 80O-85" E. and dips ahut 60° SE. 
Its thickness ranges from about 4 inches to about 60 inches and may 
avemge about 10 inches. 

. . Native gold, pyrite, amnopyrite, and scheelite hava h n  noted, 
in addition to quartz, in the vein material from the Apex and El 

I - Hido veins. One specimen of picked ore from the Apex mine shom~ _. numerous mall grains of gold in cracks in large crystals of pyrite. 

'P- 
Another contains abundant arsenopyrite in veinlets that travem the 
quartz; vein parallel to  its walls. A polished section of ore from the 
El Nido vein contains a grain of gold and a large amount of arseno- 
pyrite in cracks in the quartz. 

The claim at the Goldwan prospect were formerly called the 
Paramount group. This group of 13 unpitented claims lies dong 
a gulch, the mouth of which is on the southwe& side of Lisianski 
Met, about 1% miles southeast of the point between Lisianslri Strait 
and Lisiamki Wet. Some of the claims were st~ked in 192€1 and 
were later restaked. AIl of them are now held by an association, 
f o m d  in 1938, composed of J. A. hnning, Joe Repik, August 
Chopp, A. S. Thompson, and Frank Schotter. 

me principal prospect opening is a t u n e 1  at  an altitude of about 
150 feet. This tunnel is a b u t  188 feet long and runs about S. 30* W. 
It follows a fault for the entire distance, At the face the fault, 
which cuts granitic intrusive m k ,  dips about 40" NW. For most 
of ita length the fault is occupied by a quartz vein. Later f aultlng 
along the vein has resulted in its local lensing out or duplication. 

k The vein reaches a maximurn thickness of about 8% feet; at the face 
F it is about 8 inches thick. 

At an altitude of about 230 feet along the creek two small vsinlets, * about 80 feet spark, crop out. These trend east and dip ki0"-30° M 
Between altitudm of 950 feet and 1,166 feet, on the west side of 

the creek, is a qua* vein that reaches a thickness of 2 feet. It strikes 
about N. 61" E. and dips 85" SE. Both walls of the vein are altered 
granitic rock. Assays from this vein are said to marage $&I to the 
ton. Two other quartz veinlets are reported to crop out on a cliff 
that forms the east wall of the main gulch, at about this altitude. 
One of these is said to be very rich, 
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