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GEOLOGY OF THE NIBLACK ANCHORAGE AREA 

BY 

Gordon Herreid 

INTRODUCTION 

Two small copper deposits are known in the Niblack 
Anchorage area, 28 miles southwest of Ketchikan. The Niblack Mine, 
at the head of Niblack Anchorage, was one of the many small copper 
mines in the southern part of Prince of Wales Island which operated 
during the early part of the century. The Dama prospect, two miles 
southwest of the Niblack Mine, has long been known to contain dis- 
seminated pyrite over a considerable width. This area was chosen 
for investigation because it is the most accessible part of the 
southern Prince of Wales copper province and because it offered the 
possibility of finding a sulfide body between Dama prospect and 
the Niblack Mine. M.A. Kaufman, State Mining Geologist, and the 
author spent six days in the area mapping during May 1963. 



PREVIOUS WORK 

From 1.904 until 1915, t h c  U -  S. Geological Survey reported 
briefly on mining dcvc~1opmen.t s around Niblack Anchorage every year 
or two. The report for the year 1905 (Wright and Wright, 1906) 
described the Niblack deposit as consisting of mineralized portions 
of quartz-scricite schist bands which occur in a complex of green- 
stone schist, with occasional beds of quartz-scricite schist and - 

allied rock types: the irregular outlines of orc bodies were bclievcd 
to be the result of intersecting fault planes. One ore body was 
noted to be 80 feet dong 18feet wide, and 20 feet high, plunging 
4 5 O  northcast. No information concerning grade of ore was given 
in these reports. However, in 1905 the Niblack Mine had the greatest 
copper production in the district. By the time mining ceased in 1908, 
the shaft at the Niblilck was down 320 feet and there were 5,500 feet 
of underground workings. Thc only other deposit in thc map area 
on which significant work has bccn done is the Dams. prospect, which 
has been explored w i t : h  a 560-foot n d i t  and a number of open cuts 
and trenches. This w ' x k  was done in 1903-05. A zone of pyrite 
125 f e e t  wide in quartz scricitc rock is exposed in the adit. Dur- 
ing the period when t'hc Niblack Mine operated, nothing was done on 
the Dam2 and apparently nothing has been done since. Twenhofel and 
others (1949) give a brief description of the Dama, including a map 
and a composite assay,, Recently the U. S. Bureau of ~ines sampled 
the deposits and conducted geophysical investigations around Niblack 
Anchorage. Although details of the work arc not availab'ie, it is 
known that no significant discoveries of ore wcrc made. 

The old geologic reports, published and unpublished, supple- 
mented and modified by aerial photo interpretation have been recent- 
ly used by W e  H. Conclon (1961) to make a 1:250,000 scale geologic 
map of the southern part of Prince of Wales Island. This map and 
its accompanying report bring up to date the U. S. Geological Survey 
regional map in Bulletin 800 (Buddington and Chzpin, 1929). 

REGIONAL GEOLOGY 

Prince of Wales Island is underlain by a lower Paleozoic 
cugcosynclinal assemblage consisting mainly of andesitic volcanics, 
graywackc, slate and limestone. These old rocks arc exposed along 
a wide northwest-trending belt, the Prince of Wales geanticline of 
Payne (1955). The b z l t  is bounded on its northcast side (and far- 
ther north, on the southwest side as well) by a thick section of 
Mcsozoic graywackc, slate, and andesitic volcanics. The rocks of 



the g c m t i c l i n c  :.rc strongly fo ldcd :!nd r.uch of i h c  ,?.rc?- is under- 
lain by low grade nct-.rnorphic rocks. ?k?sozoic granitoid intrusivcs 
rn~~kc up an estimated 5-10 p c r c z n t  of Prince of W?.lcs Island. Typi- 
cal contact rnctzmorpnic: orc ceposi . t s  occur nG2r some of these intru- 
sivcs. it seems evident that t'ncsz s n t r u s l v ~ s  intruded after, or 
l a t e  in the pcriod of, Z?csozolc uplift 2nd dcforrnction, ?nd solidified 
at ?. fairly shallow dc;?ch. Th2 r z g l o n z l  szructur?.l geology is poorly 
understood bcczusc of zomplc;: s t r u c t u r z ,  lack of recognizable marker 
horizons of known ;.gel and poor cxposur2s between high tide and tim- 
ber linc. In the mzp zrcc? the rocks have bccn i s o c l i n ~ . l l y  folded 
and ,the folds arc overturned Lo khc northeast 2nd plungc moderately 
southeast. On L? rcgionzl-sczlc geologic map the pattern of tnc 
rocks in southern Princt-. of rrJ:7lcs Island is consistent with the  i n t e r -  
pretntion that the Niblzck Anchorage area lies in t h e  corc of a g r c ~ t  
southeast-plunging synclinc, with the older rocks to the north and 
west swinging around Cholmondelcy Sound to Hc-ttz.  11nlct. More mapping 
will be ncccssary bcfcrc any t i c 1 1  informcd conclusions can bc made 
concerning major structures in southern Prince of W ~ ~ C S  Island. 

Numcrous kopcqr.,?phic l i n c a r s  arc present in Southeast Alaska 
a3 morc or ~ C S S  straight v a l k y s ,  scarps, and waterways. of 
thcsc havc bccn shown to bc faults, and by infcrcncc the linear fea- 
tures of unknown origin on land and t h e  linear waterways arc assumed 
to be of fault origin ,-.lso. The p r c s m t  topographic expression of 
linear clcmcnts is due? mainly to strcam and glacial crosion of thc 
fault traces, although recent novcmmks could be a factor in some 
places. Twcnhofcl and Sainsbury (1958) have reviewed the literature 
and the evidcncc for Zau1.i; origin in linczrs and show a number of 
them on tl map of Southeast i.laska. They give tnc 7-gC of movement 
of these faults 2 s  1cl.t~ Mesozoic to prcscnt. Bcc2usc of the rarity 
o f  - .ccurztcly mapped contacts of different rock typcs .  l i c t l e  is 
known about the o f f s e t  along thcsc faults, It is likely that many 
of them arc fractures belonging to a groat northwest-striking, right 
latcrrl wrcnch fault systcm which has important mcmbcrs on either s idc  
of princc of Walcs Island on thc northeast in Clzrcncc Strait and 
on t h c  southwest offshore. Thcsc faults wcrc active during the post- 
magmatic pcriod when ore deposits were formed, and it has been su4- 
gcstcd (Twcnhofcl and Sainsbury, 1958, p. 1442 that t hey  may be an 
important ore  control. 

GEOLOGY OF NIBLEXK ANCHORAGE 

~h~ zo l i z~ i id  rocks zt Niblack Anchorage arc grecnstonc vol- 
canic~ intcrbcddcd with quartz-scricitc rock and a little black slate 



p.nd limestone. Thesc P.?.vc bccn in-trudcd by 7. mediun-gr-incd q u z r t z  
dioritc body on the ,north sidc of the m2p zrca, ii't one ?l~cc pillows 
wers seen in thc grccns.torAc, ?.nd >..t znothsr ,  n . s s i v e  17-ycrs i n t e r -  
bedded wieh S ~ C F , Y C  grczns-ionc s ~ d i r n c n t s  s u g g c s i  intcrbedded flows 
~ . n d  muds. The vo1c:nics !<7clrc i v i d c n t l y  1-id down undcr vr~.ter. On 
the north cnd of the hook-sh'pcd point sou-~h  of Niblzck .Lnchorzgc, 
gray limcs.tonc ?.nd blzck sl?;Lc wkre found- ;.long -the qunr tz  d i o r i t a  
c o n t ~ . c t  on khc north side of .the Iinchorc7gcl p h y l l i t e  occurs. Other- 
wise , the rock is n z i n l y  gr ecnstonc with intcrbcddcd quartz-sericitc 
schist, which is shown sornewhz't di?-grzmatic?.lly on the mEp, due -Lo 

the poor exposures. 

The grccns.conc is g ~ n c r ~ l l y  d ~ r k  greenish gr2-y 2nd on weathered 
surfaces small plagioc!lr\ss g r ~ i n s  s-Lznd out from the z p h z n i t i c  dark 
chloritic ground m 2 . S ~ .  Epido-22 veining is common 2nd quzr tz  veins 
clrc rzre.  Under the microscope 2 pillow grccnstonc flow on the point 
3/8 mile west of 'the ~ ) ? m z  edit is sccn to contzin ?.bou'c 15 percent 
twinned albite (Yln-5) phenocrysts up to 3 mm long along with f ine r -  
greined epido-tz, chlorite, ~ , n d  q u a r t z .  The groundmess grains arc 
generally less thzn .05  mm long 2nd consist of 2.bou.t squal  pzrts of 
a l b i t e  2nd grccn ch1or:iLc: with scz.ttercd cpidotc and r ? c t i n o l i t c  grz ins .  
The feldspar in the gr:oundmass is saldom twinned and occurs both as 
i n d i v i d u a l  grains ~ . n d  fee-thery rosc. t tcs  , The chlorite follows a net- 
work of cr~..clcs 2nd forms rims around most f cldspzr phenocrysts . 
Chlorite 2 1 ~ 0  occurs in irrcgul2.r v e i n 1 c . t ~  with epidotc. There ere 
no visible slip planer; 2nd no p r r a l l e l  o r i cn tn t ion  of minerals, This 
greenstone represents the complc .~c  n l t e r o t i o n  of the origin21 high 
temperature v o l c ~ ~ n i c  miner?-1s -;lo m i n e r d s  stable under grecn schist 
n e t ~ m o r p h i c  facics conditions. C ,  Fe, 2nd Mg were mobile so that 
~2 w z s  lczchcd from .t:nc p l~ .g ioc l : . s c ,  m2.f ic minerals were broken down, 
and cpidotc 2nd chlorite wcrc deposited by solutions thnt permcztcd 
the rock. Grcenstone west of the Niblzck Mine zt 1,100 feet clevcltion 
shows 2 similar nonoricntcd fabric in its mctzmorphic minerals dc- 
spite the fzct the folded bznds of rock were present elsewhere in the 
outcrop* In both of these rocks slippage within ,the rock during fold- 
ing was probably conccn t r z t cd  z long tops of flows, which ilre seen to 
be foliztcd in p laces"  

The quartz-scricite rock is a sligh-tly foliz 'ccd, light crc?.m- 
colored rock, locc?.lly cont,lining megascopic q u z r t z  grains. It is 
generally limonite-s t .ined on w e 2  thcred s u r f  as 2 result of oxi- 
dztion of its disseminated pyr ike .  It tends to form prominent out- 
crops, often cliffs, and mzkcs distinctive rust-stained creek f 102t .  
Quartz-scricite rock layers appcF-r to p a r z l l c l  composition banding 
in greenstonc z.nd 'chc! presence of greenish quartz-sericite rock in 
S C V ~ ~ F . ? , ~  a r czs  suggests grz-dation with greens-tone . Above the D a m 2  



a d i t ,  quartz-sericite :cock forms folds a few feet across with tiny 
c renu la t ions  which parallel the fold axes on the foliation surfaces. 
Microscopic examination shows the foliation to be the result of a pre- 
ferred orientation of sericite flakes less than . 01  mm long which 
make up about 20 percent of the rock. The remaining 80 percent of 
the rock is almost entirely quartz, mainly as equant grains less than 
.1 mm in diameter, but {l l so  2 s  quartz porphyroblasts up to 3 mm in 
diameter. In places where the proportion of quartz in the groundmass 
is smaller, the sericite shows microscopic crinkles, but for the most 
part t h e  mica occurs as isolated short trains of oriented flakes in 
a sea of tiny anhedral quartz grains. Apparently the fine grained 
quartz has replaced much of a previously schistose groundmass. The 
quartz porphyroblasts are rounded to almost cuhedral  in places, have 
ragged borders with tongues of quartz projecting into the groundmass, 
and stand athwart the foliation without any deflection of the mica 
flakes. There is' a striking lack of curvilinear flow lines of align- 
ed mica grains and no lenticulnr quartz augen are present, NO cross 
cutting quartz veins ;ire present but in places replacement veins made 
up of anhedral quartz and pyrite grains ( , 3  mm in diameter) parallel 
the foliation. The rock appears to be 2 mica schist which has been 
silicified, and in places pyritized, after it was folded. The orig- 
inal rock was probably an acid tuff, or possibly a mudstone. 

The quartz d i o r i t e  intrusive north of Niblack Anchorage is a 
massive medium-gr aincd rock containing many diabasc dikes and rounded 
basic inclusions. Un3er the microscope it is seen to be of subhedral- 
granular texture consisting mainly of a mosaic of medium-sized twinned 
oligoclasc (~n-30) feldspar grains (up to 2 mm in diameter) with inter- 
stitial anhedral strained quartz. Prisms of unaltered green hornblende 
of about the  same size as the feldspar are the only original mafic 
minerals in the rock. Patches of light yellowish cpidote, green 
chlorite and 1cucoxen.e probably represent the alteration products of 
other mafic minerals. Much of the fcldspar contains alteration patches 
of muscovitc and epiciote. 

Modal Analysis of Quartz Diorite 

Plagioclase f c ldspa r  (;in-30) 44% 
Quartz 2 8 
Epidotc 12 
Muscovite 10 
Chlorite 2.5 
Hor:nblendc 1.4 
Lcuzoxcne 1.5 
Opa,ques (black) 0.6 
Sphene 0.2 
Carbonate 0.2 



Large xrcas in southern Prince of W ~ l e s  Island including that 
zround N i b l x k  7-nchoragi: hzvc Sccn mapped IS Mlddli Dcvonlnn,  possibly 
in part Silurian or older (Condon, 1961). NO iv id i incc  relating to the 
~ g c  of bedrock in the map Ire?. was found in the prcscnt investigation. 

Structure 

The rocks around Nlbllck Anchorzcjc: dip southwest with occasional 
"aberrant " southeast dipping bcds and widcsprcad southeast plunging 
crinkles. Thc southeast dips occur on "ih2 noses of folds of medium 
slzc which plunge southeast, morc or less parallel to the southeast 
plunging crinkles. Th(2sc folds and crinkles in otherwise monoclinal 
beds indicate that the actual structure in thc arc? consists of iso- 
clinal folds plunging southeast and overeurn id  to the northeast. Any 
major folds in thc ?rca should conform to this orientation. It should 
be possible to trace out t h ~  thick layer of quartz-sericitc rock at 
the Dama if it is actually s. horizon in the g r c ~ n s t o n e  and if it has 
not been disrupted into 1 scattered series of pods. Concentrations 
of pyrite are associated with medium-sized southeast plunging hinges, 
and any ore shoots in the area would be likely to have the same orienta- 
tion over any considerable distance. 

Without extcnd.ing the mapping to the west, it is not possible 
to explain sever?-1 attitudes west of the Niblack Mine which could not 
be the result of folding horiz~ntzl beds around southeast plunging axes. 

Gcochernicz.l Samplinq 

Strc'm sediment stxnplds tierc taken above high tide l e v c l  on all 
of the creeks flowing into Nibl2-ck ;~nchcragc These were analyzed in 
the field for hzovy m2'czls by the University of Alaska method (Mukherjcc 
and Mark ,Anthony, 1957) . The only anomalously high readings were taken 
at the Dama a d i t ,  at the Niblsck Minc, from the creek west of the Dam3 
adit, and from a seepage near the Red Stack dast of the Niblnck Minc. 
In all of these areas the high rz>dings were associated with pyrite- 
bearing quartz-scricitc rock. 

Ore Deposits 

1. Niblack )line - -  Only the dump, water-filled inclined shaft, . 
and scattered remains of equipment and buildings arc left at the Niblack 
Mine. ~ h c  only mineralized rock seen in place is a prominent limonitc 
stained outcrop that lies between the dump and the beach. A chip 
across this zone (7 Ecct wide) rzn Au- .02 oz. ; Ag-. 3 oz. ; Cu-1.97%; 
pb-nil: Zn-1.50%. T 'n i s  orc is a pyritc-chc7.lcopyritc replacement of 
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greenstone schist on the nose of a medium-sized fold which plunges 
30° southeast. On the dump magnetite is common with the richest copper 
ore being magnetite-jaspzroid rock cut by chalcopyritc and calcite vcin- 
l e t s .  Country rock on the dump is mainly grcenstone, but some quartz- 
sericite rock is present. The inclined shaft is flooded to within 30 
feet of the collar. 

2. Between the N i b l ~ c k  Minc and the prominent Red Stack, 3/8 
miles to the southeast, large iron-stained quartz sericite boulders are 
scattered along the beach. These carry disseminated pyrite, but no 
copper minerals or sta:.ns were seen. Bedrock does not crop out between 
the mine and the Red Stack, either along the beach or in the lowland 
back from the beach. The Red Stack and nearby outcrops are probably 
in place and are the same pyritized quartz-sericite rock. The cliffs 
immediately southwest of the Red Stack are unmineralized greenstone and 
farther west they a p p e x  to be greenstone, but were not visited. 

3 .  D a n a  a d i t  ( e l .  about 780' ! - -  The adit was not remapped as 
Twenhofel and others (1.949, p .  7-9) have mapped and sampled it. They 
report 0.11 percent cu in a zone of pyritized schist 125 feet wide. The 
quartz sericite rock contains 211 estimated maximum 50 -percent pyrite ,  
whereas the interbzddcd greenstone has little pyrite. Between the a d i t  
and the top of the hill at 1,140 feet pyritized quartz-sericite rock 
is exposed at a number of surface workings and outcrops, but no copper 
minerals or stain werc  seen. A number of southeast plunging folds occur 
with pyrite, but the pyrite is not noticeably concentrated along fold 
hinges. Composition bandizg between greenstone and quartz-sericite 
rock parallels the f o l i a t i o n  of the schist. 

4. Creek west of D a m 2  a d i t  - -  A geochemical anomaly of 5x back- 
ground (25 ml dye) wa:; o j t a i n c d  from creek seditmcnts above the high 
tide level. A gcochernical traverse up the creek with frequent sediment 
sampling showed the arlomaly to lead to a zone of pyritized pale green 
quartz-eye quartz-sericite rock about 200 feet wide. Gcochemical read- 
ings on stream sediments above this zone were approximately background 
( 4 to 6 ml of dye). No copper minerals or stain were found in the 
pyrite zone. On the left limit of the creek, on a knob of quartz- 
sericite rock, at about 910 feet elevation, a 38 foot adit has been 
driven (shown on map). The wall rock contains up to an estimated 10. 
percent pyrite in places but the only copper mineral seen was a minute 
patch of stain in the face of the adit. The area on either side of 
the creek is mostly covered except where cliffs occur. A prominent 
cliff at about 1,300 feet elevation on the left limit is iron-stained 
and is probably quartz-sericite rock. A geochemical sample a few 
hundred feet below t h . e  cliff was not above background (6- ml . dye) . 



Ore Deposits - -  Summary. 

Thz only ore sE.i?n in r_hi n?p 2r22 W?.S nezr - ihs  c?.bzndonca N i b l ~ c k  
Mine A This was magnet1 te-cn?.icopyrl ti in greenston,, 1lssoci3tcd with 
quartz-scricitc rock, On2 or mcr, bands of quartz-scricitc rock which 
is pyritized in p l ~ c z s ,  occurs 2lon5 'chk southwest side of Niblzck 
Anchorzge, :t zn ;l~vclt:lon of 700-1500 f z s t ,  T ~ L  :,yritlzed zones carry 
?. small percentage of copper, probi?bly . b o u t  0.1 percent. Thc D2ma zdit 
has been driven in this rock 2nd t h L  S?.mi ( ? )  pyritizcd rock layer crops 
out over a width of about 200 f d d t  -t about 900 f z z t  elevation in the 
creek west of the Dam,? adito No c o p p ~ r  minerals were seen along this 
creek. Thc same rock t y p ~  is probably present in the bold cliffs along 
the upper part of 2230 foot mount..zin south of thc Niblack Mine and may 
continue northwest, It is u n l i k ~ l y  that economic copper deposits went 
unnoticed in t h c  quartz-sericitc rock along 'chssc cliffs during the 
period of active prospecting. 

ORIGIN OF ORE 

The massive c".r~d d i s s c m i n . t z d  pyr  i t c - c h ? . l c o p y r i t c  deposits occur 
in quartz-sericite layers which >re conformable to the layering in 

. greenstone volcanic rocks. Thc: sulfide and quartz rcplacemcnt of the1 
quartz-sericitc rock took placc zftzr it was folded and metamorphosed. 
Deposits similar to this are found in many pleces throughout the world. 
Ivanov (1962) has rcci- .nt ly  summarized the character is t ics  of such dc- 
posits. According to him the grcat majority of large pyritic deposits 
in gcosynclinal areas are closely lssociated with quartz-sericitc rocks, 
originally rhyolitic flows or pyroclastics, that are usually intcrbeddcd 
with greenstone flows. These ore deposits ?re concordant with the bed- 
ding and are not primarily controlled by faults or associated with 
grznitlr! bodies. The restriction of Gconomlc deposits to small anti- 
c l i n a l  structures in sornc greenstone-rhyolite regions indiclt es  a 
structural control and therefore 2 deep source for hydrothermal ore 
solutions. Silicification and sericitization in and around ore deposits 
seems to con£ irm a hydro thermz.1 origin. 

Kinkle (1962 stresses t h h c  strong stratigraphic control of the 
ore in the Huelvz district, Spain. Here 2 horizon of rhyolite flow 
rocks overlain by pyroclastic rhyolitc contains isolated pods of massive 
pyrite of a uniform character (including the Rio Tinto deposit) over a 
distance of 100 km. Kinkli: believes that the ore was deposited as sul- 
f ide precipitates on the sea floor or as replacements of unconsolidated 
tuff around ancient submarine volcanoes. He also believes that the 
common association of massive pyritic deposits with acid volcanic layers 
in grcenstonc or cugcosynclinal typ;: sediments is the result of 2 



origin 

Thesz d e s c r l p t l o n s  o f  th2  close spctl:,l r c l z e l o n s h i p  of pyritic 
deposits to q u a r t z - s e r ~  c l  t c  l?.ycrs zrc: in lccord with whzt  is known of 
the Nlblack dsposlts srd lndlc ,?cz  ch, posslblc lmportzncc of  such layers 
2 s  2 guide to ore on southern P r l n c e  of Wzlds Island. Vnknown deposits 
slrnil2.r to the Nlblzck d~pcslt r a y  b2 p r e s ~ n t  northwest of Niblzck 
Anchorzgc? . 

RECOMMENDATIONS 

It is consldcrc2d unlikely that undiscovcrcd copper deposits 
cxist in thc  map area, bcc?-us;l of the relztivcly good exposures and the 
amount of early work done -  Northwest beyond the limits of the map, 
p z r t i c u l a r l y  in arcas Inore rcmots from the beach, the quartz-sericite 
layers in thc rock p r o v ~ c k  a f z v o r - b l e  ore t l r g e t  for z x p l o r a t i o n  in 
conjunction with gcochemicsl p r o s p ~ c t i n g .  
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