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ABSTRACT 

The Ketchikan and Prince Rupert 1 0  x 20 quadrangles, which encom- 
2 2 pass about 16,000 km (6 ,000 mi ) a t  the southern t i p  of southeastern 

Alaska, were invest igated by integrated f i e l d  and laboratory s tudies  in the  

d i sc ip l ines  o f  geology, geochemistry, geophysics (aeromagnetics),  and Land- 

s a t  d a t a  in te rp re ta t ion  fo r  the purpose of determining i t s  mineral resource 

potent ia l .  Mineral deposi ts  in the study area have been mined or prospected 

in termi t tent ly  s ince  the turn of the  century, with recorded production of 

small tonnages o f  ores containing gold, s i l v e r ,  copper, lead ,  z inc ,  and 

tungsten. Our mineral resource assessment shows t h a t  t he  area contains 

po ten t i a l ly  s ign i f i can t  resources of those meta l l ic  commodities, a s  well 

as  of molybdenum, i ron ,  antimony, and b a r i t e ,  The r e s u l t s  of these s tudies  

a r e  given in  a f o l i o  o f  maps t h a t  a re  accompanied by descr ip t ive  t e x t s ,  

diagrams, t ab les ,  and pert inent  references.  This repor t  serves a s  a guide 

t o  those inves t iga t ions ,  provides re1 evant background information, and  

in tegra tes  the component maps and repor t s .  I t  a l so  describes revisions of  

the  geology based on studies completed since the f o l i o  was pub1 ished,  and 

includes a 1 i s t  of speci f ic  and general references t o  the geology and min- 

eral deposits o f  the study area.  



INTRODUCTION 

Purpose and scope 

This r epo r t  and a  s epa ra t e ly  a v a i l a b l e  f o l i o  of maps and  accompanying 

t ab l e s  a r e  pa r t  of a s e r i e s  o f  U.S .  Geological Survey r epor t s  prepared t o  pro-  

vide public information on the  mineral resources and mineral resource potent ial  

of Alaska. This work i s  being done a s  p a r t  of t he  Alaska Mineral Resource As- 
sessment Program (AMRAP),  and i s  intended t o  provide information both f o r  1  ong- 

range national minerals pol i cy  and f o r  dec is ions  by S t a t e ,  Federal , commercial, 

environmental, and Native i n t e r e s t s  concerning f u t u r e  use of  Alaska lands and 

resources.  In add i t i on ,  the program aims t o  increase  the  geologic know1 edge 

of t he  s t a t e  and t o  provide guidance for mineral explora t ion .  

Most  of the  basic  data  f o r  the  maps and t a b l e s  in  t he  Ketchikan-Prince 

Rupert f o l i o  were col 1  ected i n  1975 and 1977, when an i n t e r d i s c i p l  in-  
a r y  team o f  e a r t h  s c i e n t i s t s  conducted f i e l d  and labora tory  inves t iga t ions  

necessary f o r  a  mineral resource a p p r a i s a l .  The f o l i o  and t h i s  r epo r t  descr ibe  

the  resul  t s  of t h e i r  individual i nves t iga t ions  and the  resul  t s  o f  i n t eg ra t ing  

those inves t iga t ions  f o r  the  resource assessment. 

Geography and access  

The Ketchikan-Prince Rupert study a rea  ( f i g .  1 )  comprises a1 1 b u t  a small 

pa r t  of the  Alaskan p a r t s  of t he  Ketchikan and Prince Rupert 1 :250,000-scale 
2 2 (10x2")  topographic quadrangles.  The area covers about 16,000 km (6,000 mi ) 

a t  the southern t i p  of the  southeastern Alaska panhandle between l a t .  54045 '  and 

550001N and long.  130000' and 132°001 W .  I t  i s  bounded on the  e a s t  and south 

by the United States-Canada ( B r i t i s h  Col umbia) In te rna t iona l  Boundary, and on 

the  west by Clarence S t r a i t ,  

The area 1 i e s  mainly i n  the  Pac i f i c  Coast Mountains physiographic province. 

I t  i s  charac te r ized  by is1 ands and peninsulas deeply d issec ted  by a  complex net- 

work of coas ta l  and inland t i d a l  waterways. The t e r r a i n  ranges from heavily 

fo re s t ed  r o l l i n g  uplands on the  southwest t o  bare rugged mountains with a c t i v e  

g l a c i e r s  on  t h e  no r theas t ,  T h e  average r e l i e f  increases  from about 1,000 

meters (3,000 f e e t )  on t h e  southwest t o  about 1,500 meters (4,500 f e e t )  on the  

nor theas t ;  the  highest  point  within the study area i s  a 2,200 meter- (6,510- 

foo t - )  high nunatak t h a t  r i s e s  above perennial snowfields and g l a c i e r s  near the 

nor theas t  corner o f  t he  Ketchi kan quadrangl e .  

Landforms in the  study area  a r e  dominated by g l a c i a l l y  sculpted f ea tu re s  
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Figure 1. Index maps showing location of 
Ketchika,n a.nd Pr ince Rupert quadrangles,  
and a r e a  o f  t h i s  inves t iga t ion  (dot p a t t e r n  



such a s  deep f i o r d s  and broad U-shaped v a l l  eys walled by sheer  c l  i f f s  300 mete r s  

(1 ,000 f e e t )  o r  more high.  Most of the a r e a  was complete ly  over r idden  by g l a c i a l  

i c e ,  r e s u l t i n g  in broad rounded r i d g e  c r e s t s .  In t h e  n o r t h e a s t e r n  c o r n e r ,  how- 

e v e r ,  t h e  mountain t o p s  l o c a l l y  stood above t h e  h i g h e s t  l e v e l  o f  t h e  i c e  and 

inc l  ude many s h a r p  pi nnacl es and knife-edge r i d g e s .  

The p r e v a i l i n g  mari t ime c l i m a t e  i s  c h a r a c t e r i z e d  by heavy p r e c i p i t a -  

t i o n ,  probably e q u i v a l e n t  t o  more than  250 cm (106 i n c h e s )  o f  r a i n f a l l  per y e a r .  

Vegeta t ion c o n s i s t s  o f  dense ,  n e a r l y  impenetrabl e r a i n  f o r e s t  a t  low e l e v a t i o n s ,  

and o f  brush,  moss, and 1  ichens  a t  h igher  l e v e l s .  

Except f o r  s c a t t e r e d  logging o r  mining camps and a  few i s o l a t e d  c a b i n s ,  

n e a r l y  a71 o f  the permanent popula t ion  i n  t h e  s t u d y  a r e a  i s  concen t ra ted  i n  and 

near Ketchikan and a d j a c e n t  p a r t s  of Gravina I s l a n d  (pop. approx.  10,000 i n  

1970) ,  i n  and near  t h e  Indian v i l l a g e  o f  Met laka t l a  (pop.  approx.  1 ,000  i n  

1 9 7 0 ) ,  and a t  Hyder (pop. approx.  50 i n  1970) .  The o n l y  town i n  t h e  s t u d y  a r e a  

t h a t  can be reached by highway from Canada and t h e  U.S.  i s  Hyder, which i s  

1  inked v i a  S tewar t ,  B r i t i s h  Columbia, t o  western  Canada, Alaska,  and t h e  P a c i f i c  

nor thwest .  Other than t o  Hyder, a c c e s s  t o  and throughout the s tudy  a r e a  i s  by 

boat  o r  a i r c r a f t .  

GEOLOGIC INVESTIGATIONS 

Previous i n v e s t i g a t i o n s  

Before s t a r t i n g  AMRAP s y s t e m a t i c  mineral a p p r a i s a l  o f  the Ketchikan and 

Pr ince  Rupert quadrangles  i n  1975, t h e  U.S. Geological Survey had conducted numer- 
ous reconnaissance and l o c a l  i n v e s t i g a t i o n s  o f  t h e  geology and mineral  d e p o s i t s  

i n  t h e  s t u d y  a r e a  beginning around t h e  t u r n  o f  t h e  cen tury  ( f i g .  2 ) .  The most 

s i g n i f i c a n t  r esu l  t s  o f  t h o s e  i n v e s t i g a t i o n s  were pub1 i shed  i n  r e p o r t s  by Brooks 

(1 902) ,  Wright and Wright (1908) ,  Smith (1 91 5 ) ,  Chapin (191 8 ) ,  Buddington (1 929) ,  

Robinson and Twenhofel (1 953) ,  West and Benson (1 955), Byers and Sai nsbury (1 956), 

Sainsbury ( 1 9 5 7 a , b ) ,  Berg (1972a, b;  1 9 7 3 ) ,  Smith (1973) ,  Berg and o t h e r s  

(1977) ,  and Smith ( 1 9 7 7 ) .  In a d d i t i o n ,  informat ion about  t h e  geology and  mineral  

d e p o s i t s  i n  t h e  s t u d y  a r e a  i s  con ta ined  i n  r eg iona l  r e p o r t s  by Martin (1926) ,  

Buddington and Chapin (1 929),  Berg and Cobb (1967) ,  and Berg and o t h e r s  (1  9 7 2 ) .  

AMRAP and subsequent  i n v e s t i g a t i o n s  

AMRAP i n v e s t i g a t i o n s  i n  t h e  Ketchikan and Pr ince  Rupert quadrangles  began 

i n  1975, when an i n t e r d i s c i p l i n a r y  team o f  e a r t h  s c i e n t i s t s  and t e c h n i c i a n s  
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F i g u r e  2 . - -Reference  map o f  Ke t ch ikan  and  Prince R u p e r t  
q u a d r a n g l e s  showing  a r e a s  d e s c r i b e d  i n  selected g e o l o g i c a l  
r e p o r t s  ( a l s o  see t a b l e  1 ) .  H, Hyder; K ,  K e t c h i k a n ;  id,  i l e t l a k a t l a .  

1 .  Brooks (1902 )  
2 .  Smi th  (1915 )  
3. Chapin ( 1 9 1 8 )  
4 .  Buddington  ( 1 9 2 9 )  
5 .  Berg (1972a) 
6 .  Berg (1973)  
7 .  I r v i n e  (1974 )  
8. Smith (1 977 )  
9 .  Berg and  o t h e r s  ( 1977 )  

10 .  Koch and o t h e r s  ( 1 9 7 7 )  
11 .  El 1  i o t t  and o t h e r s  ( 1 9 7 6 )  ; Hudson and  o t h e r s  ( 1 9 7 7 ,  1978 ,  1979 )  



undertook systematic areal geologic mapping, geochemical, geophysical, Landsat, 

a n d  mineral deposit s tudies leading to mineral resource assessment of the study 

area (tab1 e 1  ) . These co l la te ra l  f i e ld  and laboratory studies were completed 

ear ly  in 1978, when the resul t s  were combined and integrated into the mineral 

assessment t ha t  culminated the AMRAP program in t h e  study area .  In addit ion,  

cer ta in  topical and regional geologic and mineral resource investigations begun 

by team members and guest s c i e n t i s t s  during the AMRAP study have been completed 

and the resu l t s  pub1 ished in several repor ts .  These reports  describe the tec- 

tonic and s t ructura l  se t t ing  of the study area and  neighboring parts  of Alaska 

and Canada (Berg, Smith, and others ,  1977; Berg, Jones, and Coney, 1978) ; the 

petrology and  geologic se t t ing  of the porphyry molybdenum deposit a t  Quartz 
Hill ( E l l i o t t  and  o thers ,  1976; Hudson and others ,  1977, 1978, 1979); metamor- 

phosed lower(?) Paleozoic trondh jemi t e  on southern Portland Peninsula (Koch 

and others ,  1977) ; and metal logenesis in accreted terranes in southeastern 

Alaska (Berg, 1979, 1980). 
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Table  1 .  Component maps and r e p o r t s  o f  t h e  Ketch ikan and P r i n c e  Ruper t  

quadrangles m ine ra l  resource  assessment 

Subject 

U.S.  Geo log ica l  Survey 

open- f i  1 e r e p o r t s  : 

77-359 (U. S.  Geo log ica l  Survey, 1977) Aeromagnetic con tou r  map 

78-73A (Berg and o t h e r s ,  1978) Geolog ic  map 

B ( E l l i o t t  and o t h e r s ,  1978) M i n e r a l  d e p o s i t  map and t a b l e  

C (Koch and o t h e r s ,  1978a) Geochemical anomaly map: Cu 

D (Koch and o t h e r s ,  1978b) Geochemi c a l  anomaly map: Pb 

E (Koch and o t h e r s ,  1 9 7 8 ~ )  Geochemical anomaly map: Zn 

F (Koch and o t h e r s ,  1978d) Geochemical anomaly map: Mo 

G (Koch and o t h e r s ,  1978e) Geochemical anomaly map: Au, Ag 

H (Koch and o t h e r s ,  1978f) Geochemical anomaly map: Cr 

I (Koch and o t h e r s ,  19789) Geochemical anomaly map: Co 

J (Koch and o t h e r s ,  1978h) Geochemical anomaly map: N i  

K ( S t e e l  e and A1 b e r t  , 1978) Landsat i n t e r p r e t a t i o n  map 

* L  (Griscom, 1978) Aeromagnetic i n t e r p r e t a t i o n  map 

ivl (Berg, E l l i o t t ,  and Koch, 1978) M i n e r a l  resource  assessment map 
and t a b l e s  

* N (Smi t h  and D i g g l  es, 1978) Map and t a b l e  of potassium-argon 
(K/Ar )  age de te rm ina t ions  

78-156A (Koch and E l l i o t t ,  1978a) Analyses o f  r o c k  geochemical sam- 
p l  es , Ketch i  kan quadrang le  

B (Koch and E l l i o t t ,  1978b) Analyses o f  r o c k  and stream s e d i -  
ment geochemical samples , P r i n c e  
Ruper t  quadrang le  

C (Koch and E l l i o t t ,  1978c) Analyses o f  s t ream sediment geo- 
chemical samples, Ke tch i  kan 
quadrang le  

*These r e p o r t s  w i l l  be p u b l i s h e d  i g  1980. 
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DESCRIPTIONS OF COMPONENT MAPS AND REPORTS OF THE 

KETCHIKAN AND PRINCE RUPERT QUADRANGLES AMRAP FOLIO 

AND OF SUBSEQUENT RELATED I N V E S T I G A T I O N S  

The following sections of t h i s  report  br ief ly  describe the s ix  in terdis-  

c ip l inary  components of t h e  AMRAP mineral resource assessment of the Ketchikan 

and Prince Rupert quadrangles: ( 1 )  geology, ( 2 )  mineral deposit s i t e  s tudies ,  
(3 )  geochemistry, ( 4 )  geophysics (aeromagnetics), ( 5 )  ear th  s a t e l l i t e  

 a and sat) data ,  and ( 6 )  resource analys is .  The f i r s t  f i ve  of these components 

were coll  a tera l  f i e l d  and laboratory research investigations tha t  resulted in 

extensive new data in several branches of earth science re la t ing to mineral 
resources. The s ix th  component integrates those d a t a  into the culminating 
resource assessment, which iden t i f i e s  t r a c t s  of land favorable fo r  the occur- 

rence of speci f ic  types of mineral deposits ,  and, where the data permit, 
predicts a t  d i f fe ren t  probabi l i t ies  the number, s i z e ,  and grade of those 

deposi ts . 
The following sections a1 so summarize the resul t s  of our geologic and 

mineral resource investigations in the study area since the AMRAP fo l io  was 

published ear ly  in 1978. 



Geol ogy 

(Open-f i l  e map 78-73A) 

The geologic map o f  the  Ketchi kan and Prince Rupert quadrangl es resul t i n g  

from t h i s  invest igat ion describes the rocks between the  Internat ional  Boundary 

and Clarence S t r a i t  ( f i g .  1 ) .  We did not map the small areas of rocks on the  
west s ide  of the  S t r a i t  because they a r e  b e i n g  studied a s  par t  of a  separate 

inves t iga t ion  by the U.S. Geological Survey. 

The rocks t h a t  we mapped include very d iverse  l i tho log ies  and range in 

age from Si lur ian  or  older t o  Quaternary. Our inves t iga t ions  show t h a t  they 
a r e  most conveniently t rea ted  in  three  geographic a reas ,  each underlain by a 

c h a r a c t e r i s t i c  assemblage o f  rocks w i t h  d i s t i n c t i v e  1 i  thologic,  s t ruc tura l  , o r  
metamorphic f ea tu res .  

Gravina-Annette-Mary-Duke Islands area:  
This area includes the is lands bounded by Clarence S t r a i t ,  Dixon Entrance, 

Tongass Narrows, and Revillagigedo Channel, and makes u p  about a s ix th  of the  

study a rea .  I t  contains the  most varied l i tho log ies  and most complete s u i t e  

of s t r a t i f i e d  rocks in the Ketchikan and Prince Rupert quadrangles. I t  a1 so 

includes the  l e a s t  metamorphosed and deformed pre-Tertiary rocks in the  map 

area .  The  bedded rocks range i n  age from Si lur ian  or  older  t o  Late Jurass ic  

o r  Cretaceous. The mapped in t rus ive  rocks range in  age from Devonian o r  S i lur ian  

to  Cretaceous. Pl ugl i  ke gabbro pl utons on northeastern Gravina Island too 

small to show on the map were previously assigned a t en ta t ive  Cretaceous age 

 erg, 1973), b u t  instead probably c o r r e l a t e  w i t h  presumed 01 igocene o r  Mio- 

cene gabbro (Tmg) near Ketchikan. Especially d i s t i n c t i v e  un i t s  include a Devonian 

o r  Si lur ian  stock of leucocra t ic  trondhjemite, an Upper Tr ias s i c  sequence of 

rhyo l i t e ,  basa l t ,  and sedimentary rocks, and a Jurass ic  o r  Cretaceous zoned 
ul tramafic in t rus ive  complex t h a t  contains spectacular zones of rhythmically 
layered duni t e  and peridoti  t e  ( I r v i n e ,  1974). Mineral occurrences incl ude 
bar i te -  and base-and-precious-metal -bearing vol canogenic sul f i d e  deposi ts  in 
the  Upper Tr ias s i c  rocks; veins carrying gold, s i l v e r ,  and other  metals i n  

Upper Jurass ic  o r  Cretaceous andes i t ic  metatuff;  and s t ra t i form t i t an i fe rous  
magnetite deposi ts  i n  the  zoned ul tramafic rocks, 

New age  assignment of rocks on Annette and Gravina Islands.  The age of 

the  Puppets Formation and i t s  unnamed cor re la t ives ,  and of an unnamed conform- 

ably overlying massive dolomitic limestone uni t  on Annette and Gravina Islands 

( f i g .  3 )  herein i s  revised from mid-Paleozoic (Berg, 1973) and Devonian o r  
10 
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F i g u r e  3.--Sketch map o f  Anne t te  and Grav ina I s l a n d s  showing d i s t r i b u t i o n  o f  t h e  
Puppets Format ion  and  i t s  c o r r e l a t i v e s  ( d o t  p a t t e r n ) ;  o f  the  conformably  ove r -  
l y i n g  unnamed massive 1  imestone u n i t  ( 1  i n e  p a t t e r n )  ; o f  an o u t c r o p  area where 
these u n i t s  are  n o t  mapped s e p a r a t e l y  ( c rossha tch  p a t t e r n ) ;  and t h e  l o c a t i o n s  
o f  samples c o l l e c t e d  i n  1979 c o n t a i n i n g  Upper T r i a s s i c  f o s s i  1s .  Geology modi- 
f i e d  f r o m  Berg (1972a, 1973), and Berg, E l l i o t t ,  and  o t h e r s  (1978a) .  



older  (Berg, E l l i o t t ,  and o t h e r s ,  1978a, b) t o  Late Tr i a s s i c .  This new as -  

signment i s  based on the discovery in 1979 ( H .  C .  Berg, unpublished f i e l d  

da ta )  of Upper Tr i a s s i c  f o s s i l s  in the  limestone u n i t  a t  two l o c a l i t i e s  on 

eas tern  Annette Island ( f i g .  3 ) .  The f o s s i l s  were i d e n t i f i e d  by Anita G. 

Harris  of  the Geological Survey a s  follows (wr i t t en  communication, 2120180): 

Field no. 79ABG091A: from e a s t  coas t  o f  Annette Is land about 33.9 km S . E .  

of Ketchi kan .  Small cove about 1 . 6  km south of  Kwain Bay, sec. 26, 

T. 78 S . ,  R .  93 E .  (La t .  55°04'50", Long. 131021'20").  Moderately 

massive to  s l a t y  very f i n e  grained c rys t a l  1 ine  metacarbonate contain-  

ing sparse c o r a l s .  Metacarbonate over1 i e s  rhyol i t e  metatuff ;  ex- 

posed thickness o f  carbonate about 30 m .  5.48 kg of metacarbonate was 

processed fo r  conodonts ( 1 . 2  kg of +20 mesh insoluble res idue)  and 

y i  el ded : 

1 EPIGONDOLLELA sp .  

This genus i s  r e s t r i c t e d  to  the Late Tr i a s s i c .  

Field no. 79AGB092A: e a s t  s i d e  o f  Annette Is land about 29.4 km S .E .  o f  

Ketchikan. Local i ty  i s  a cave a t  o u t l e t  of lake  a t  e l e v .  approx. 70 m y  
sec .  16,  T. 77 S . ,  R. 92 E .  (Lat .  55*06'35", Long. 131°23~5"). Mas- 

s i v e  to t h i n l y  bedded fine-grained dark-gray metacarbonate l o c a l l y  con- 

t a in ing  sandy 1 enses and l a y e r s ,  some of  which seem to cons i s t  of com- 

minuted organic ma te r i a l .  Carbonate i s  about 100 m t h i ck ;  o v e r l i e s  

rhyol i t e  metatuff ;  probably c o r r e l a t e s  with 1 imestone a t  79AGB091 . 4 . 9  

kg o f  metacarbonate was processed (330 g of t20 mesh insoluble res idue)  

and yielded:  

1 EPIGONDOLLELA s p .  

Age: Late Tr i a s s i c  

Revillagigedo Is land and Cleveland Peninsula 

The cent ra l  t h i r d  of  t h e  map area i s  underlain by d ive r se  plutonic rocks, 

and by mu1 ti ply deformed and metamorphosed s t r a t a  t h a t  include ( a )  very sparse ly  

f o s s i l  i fe rous  upper Paleozoic and Upper Tr i a s s i c  sedimentary and volcanic rocks;  

( b )  one outcrop area  of  rocks t e n t a t i v e l y  cor re la ted  w i t h  Jurass ic  o r  Creta- 

ceous a n d e s i t i c  metatuff of t he  Gravina Island Formation; and ( c )  by f a r  t he  

most widespread bedded u n i t ,  unfossi l  iferous dark gray metapel i  t e  and andesi t i c ( ? )  

metatuff whose premetamorphic age i s  unknown. Some of t h e  undated rocks a r e  

1 i th ica l  l y  s imi l a r  t o  the  Jurass ic  or Cretaceous sedimentary and volcanic rocks 

on Annette a n d  Gravina Is lands ,  and may c o r r e l a t e  with them; b u t  we have 



assigned the e n t i r e  unfoss i l i ferous  assemblage an  age of l a t e  Paleozoic or 
Mesozoic because t h i s  assignment brackets the  ages of the o ldes t  f o s s i l i f e r -  

ous s t r a t a  known in t h i s  area (upper Paleozoic) and o f  the o ldes t  i so top ica l ly  

dated pl utonic rocks t h a t  intrude i t  (Upper J u r a s s i c ) .  T h e  youngest rocks known 

a re  basa l t  and andes i te  lava flows, breccia, and tu f f  t h a t  mainly coincided 

w i t h ,  o r  postdate, Quaternary g lac ia t ion ,  b u t  may in par t  be as old a s  l a t e  

Ter t ia ry  (5.5 m.y.) . Key pre-Tertiary bedded uni ts  incl ude 1 ight-gray, 

l o c a l l y  dolomitic marble t h a t  l o c a l l y  contains abundant cr inoid d i scs  and 

very sparse organic d e t r i t u s  of uncertain,  b u t  possibly fusul inacean o r ig in  

(R. C .  Douglas, wri t ten commun., 11/2/73) ; dark gray carbonaceous (g raph i t i c )  

and loca l ly  concretionary (phosphatic?) 1 imestone, mudstone, and s i l  t s tone  

local l y  containing poorly preserved b u t  i d e n t i f i a b l e  Upper Tr iass ic  f o s s i l s  

(N. J .  Sil  berl ing, wri t ten commun., 4/10/80) ; basal t i c  pillow flows and pillow 

breccia t h a t  apparently a r e  interbedded w i t h  the  Upper Tr iass ic  s t r a t a ;  and 

quartz d i o r i t e -  or t r o n d h j e m i t e - c l a s t - b e a r i n g  roundstone metaconglomerate t h a t  

apparently i s  interbedded w i t h  crinoidal  marble of presumed l a t e  Paleozoic age 

( H .  C .  Berg, unpublished f i e l d  da ta ,  1978). 

The o ldes t  radiometrical ly (K/Ar)-dated pluton in t h i s  area i s  a 140-m.y.-old 

(Upper J u r a s s i c )  granodiori t e  stock near Moth Bay. The l a r g e s t  pluton i s  a 
radiometri cal ly-dated mid-Cretaceous fol ia ted  quartz d ior i  t e  bath01 i  t h  on northern 

Revi 1 lagigedo Island and adjacent Cleveland Peninsula. Other radioae'trically-daL@d 

~ l u t o n s  include a swarm of variously metamorphosed and deformed stocks,  diapi r s  ( ? )  , 
di kes , and s i  11 s  of sarnet-beari ns and 1 ocal ly plagi ocl ase-porphyri t i  c qrana- 
d i o r i t e  t h a t  gives Late Cretaceous K/Ar (Smith and o thers ,  1979) and Pb-U (T.U. 

Stern ,  personal commun. , 1979) ages ; and a composi t e  01 igocene or iqiocene qabbro 

to granodiori t e  in t rus ive  complex near Ketchi kan. Other in t rus ive  rocks, mainly 

of known or assumed Cretaceous or older  age, include stocks o r  sheets o f  a p l i t e  

or a1 aski t e ,  pl ugl i  ke metadiori t e  bodies, a  zoned ul tramafic complex a t  A 1  ava 

Bay, and several other  small ul tramafic bodies. 

Regional s t ruc tures  in the  pre-Tertiary s t r a t a  include southwest-verging, 

overturned t o  recumbent, refolded i soc l ines  cu t  by bedding-plane th rus t s  and 

blastomyloni t e  zones, and by high-angl e  faul t s  tha t  postdate t h e  t h r u s t s .  The 

rocks a r e  regionally metamorphosed progressively from greenschist  fac ies  on 

the  southwest t o  amphibolite f a c i e s  on the northeast ;  t h i s  metamorphism, 



rad iometr ica l ly  dated a s  Cretaceous or  o l d e r ,  l o c a l l y  i s  overprinted by up  t o  
hornbl ende-hornfel s f ac i e s  contac t  metamorphism. "Feather s c h i s t "  or  "gar- 

benschiefer ,"  a metamorphic rock dis t inguished by l o c a l l y  conspicuous fea thery  

crys ta l  aggregates of  a c t i n o l i t e  in a  matrix of  garnet-bearing s i l v e r y  musco- 

v i t e  s c h i s t ,  i s  widespread on cent ra l  and southwestern Revillagigedo Is land;  

i t s  d i s t i n c t i v e  mineralogy and t ex tu re  suggest polymetamorphism of  a  bedded 

un i t  s i g n i f i c a n t l y  d i f f e r e n t  i n  o r ig ina l  composition from the  ad joining 

s t r a t a .  

Mineral occurrences t h a t  have been productive o r  extensively explored 

include massive lead- and z inc-su l f ide  ve ins ,  au r i f e rous  quartz  ve ins ,  and a 
s t i b n i t e  vein in the undated metapel i te  and metatuff u n i t ,  and s t r a t i fo rm 

t i  t an i ferous  magnetite depos i t s  i n  the zoned ul t ramafic  complex a t  Alava Bay. 

Portl and Peninsula 

The e a s t  half  of the Ketchikan-Prince Rupert study area i s  a  peninsula,  

bounded by ( e a s t )  Behm Canal, Revillagigedo Channel, and Portland Canal; we 

informal l y  c a l l  t h i s  area Portland Peninsula ( f i g .  2 ) .  The youngest consol i -  

dated rocks known on Portland Peninsula c o r r e l a t e  with t h e  Quaternary o r  Ter- 
t i a r y  basal t and andesi t e  described on Revill agigedo Is land .  Except f o r  small 

outcrop a reas  of  these  volcanic rocks,  t he  peninsula i s  underlain mainly by 

the  Coast Plutonic Complex ( a s  defined by Brew and Ford, 1978, 1980),  which i s  

bordered on the  west by a f r inge  of enigmatic metamorphosed bedded and plutonic 

rocks, and on the  nor theas t  by probably lower Mesozoic rocks t h a t  underl ie  only 

a  small area a t  the northeastern corner of  the-map. Revisions of t h e  geology 

of the  southern pa r t  of Portl and Peninsula based on inves t iga t ions  compl eted 

s ince  the  publicat ion of  open-f i le  map 78-73A a r e  shown on f i g u r e  4 .  

The Coast Plutonic Complex i s  a heterogeneous group of massive and f o l i -  

a ted plutonic rocks and amphi bol i t e  f a c i e s  reg ional ly  metamorphosed bedded rocks 

t h a t  form sep ta ,  sc reens ,  roof pendants, and xenol i ths  within or between the  

plutons . The premetamorphic ages of the  bedded rocks a r e  unknown; we assign 

them a Paleozoic or  Mesozoic age to  bracket the ages ( a )  of possibly cor re la-  

t i v e  Pal eozoic o r  01 der  i s o t o p i c a l l y  dated nearly ident ica l  metamorphosed bedded 

rocks of t he  "Central Gneiss Complex" (Hutchison, 1970) o f  t h e  Coast Plutonic 

Compl ex in neighboring B r i t i s h  Col umbia (Armstrong and Runkl e ,  1'379; Wan1 ess 
and o t h e r s ,  1975) and ( b )  o f  the  o l d e s t  i so top ica l ly  dated ( ~ u r a s s i c )  plutons 

known to  intrude them. 

According t o  our radiometric age d a t a ,  the  plutons were emplaced in Late 
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F i g u r e  4--Map o f  southwestern P o r t l a n d  Peninsu la  showing r e v i s i o n s  based 
on g e o l o g i c  i n v e s t i g a t i o n s  completed s i n c e  p u b l i c a t i o n  o f  O p e n - f i l e  map 78-73A. 



Ju ras s i c ,  Eocene, and 01 i  gocene or  Miocene time (Smith and o t h e r s ,  1979) . 
Their s t r u c t u r e  ranges from gneiss ic  to  massive; and t h e i r  composition from 

gabbro to g r a n i t e ;  t he  most abundant rock type i s  f o l i a t e d  granodior i te .  Not 

shown o n  t he  map a r e  myriads o f  01 igocene o r  younger 1 amprophyre (Smith, 

1973; Hudson and o t h e r s ,  1979) and quartz  porphyry (Hudson and o t h e r s ,  1979) 

d ikes .  The metamorphic age ( s )  of the  f o l i a t e d  plutonic and bedded rocks i s  

( a r e )  Eocene o r  o lder  (Smith and o t h e r s ,  1979).  S t ruc tura l  t r ends ,  isograds,  

and 1 i t ho log ic  units s t r i k e  north t o  northwest. In the  Ketchikan-Prince Rupert 

study a rea ,  t h e  westernmost u n i t  of  t he  Coast Plutonic Complex i s  a north- 

t rending s e t  of elongate fol ia ted  quartz  d i o r i t e  o r  tonal i t e  plutons (map u n i t  

TKq) t h a t  beyond the pro jec t  area coalesce in to  a remarkably p e r s i s t e n t  s i l l  

t h a t  marks the southwestern l i m i t  of  the Coast Plutonic Complex throughout south- 

eas te rn  Alaska (Brew and Morrell , 1979, 1980; Brew and Ford, 1980). 

Adjoining the  Coast Plutonic Complex on the west i s  a  wedge-shaped out-  

crop b e l t  of g r e e n s c h i s t - t o - a m p h i b o l i t e  f a c i e s  reg ional ly  metamorphosed bedded 

and i n t r u s i v e  rocks. The eas tern  l i m i t  o f  t h i s  b e l t  i s  the western contact  o f  

t he  Coast Plutonic Complex, and the western l i m i t  i s  a  northwest-trending 

1 inear  faul t zone t h a t  has been mapped from Harry Bay to beyond Kah Shakes 

Cove ( f i g .  4 ) .  The premetamorphic ages of the bedded and i n t r u s i v e  rocks a r e  

l a r g e l y  unknown. A discordant  K / A r  determination f o r  one o f  t h e  plutons sug- 

ges t s  t h a t  i t  was empl aced during o r  before Late Cretaceous time. Other K/Ar 

determinations suggest Cretaceous or  Te r t i a ry  metamorphism fo r  both the  bedded 

and i n t r u s i v e  rocks. Very sparse ob jec t s  doubtful ly iden t i f i ed  a s  c r inoid  

d i sc s  implying a l a t e  Paleozoic age ( H .  C .  Berg and C .  0. Holloway, unpublished 

f ie1  d da t a ,  1976) occur in marble layers  along Very I n l e t ,  and most of the 

o the r  s t r a t a  a r e  l i t h i c a l l y  s imi l a r  t o  rocks on cent ra l  and southwestern Revil- 

lagigedo Is land to which we ass ign  a  l a t e  Paleozoic o r  Mesozoic age.  For these  

reasons, we a l s o  assign these  rocks an age of l a t e  Paleozoic o r  Mesozoic. 

The most widespread u n i t  southwest of  the Harry Bay-Kah Shakes Cove f a u l t  

zone i s  a  1 eucocrat ic  trondhjemite s tock ( ~ z c p )  t h a t  we c o r r e l a t e  on t h e  bas is  

of s imi l a r  1 i thology and t ex tu re  with the  Devonian o r  S i lu r i an  Annette pluton on 

Annette Island (Koch and o t h e r s ,  1977).  I f  t h i s  co r re l a t ion  i s  c o r r e c t ,  t h e  

s t r a t a  intruded by t h i s  pluton a l s o  a r e  Devonian o r  S i lu r i an  o r  o lde r .  Following t h i s  

assumption, we t e n t a t i v e l y  assign these rocks an age of e a r l y ( ? )  Paleozoic. 

However, most of t he  metamorphosed bedded rocks southwest of the  f a u l t  a r e  

1 i  th ica l  l y  indis t inguishable  from those northeast  of i t .  This suggests ( a )  



t h a t  nearly identical  l i tho log ies  of d i f f e ren t  ages crop o u t  on both s ides  of 

the  f a u l t ,  (b )  t h a t  there has been a t  l e a s t  local tec tonic  t ranspor t  and mix-  

ing of possibly younger Pal eozoic o r  Mesozoic metamorphosed bedded rocks from 

northeast of the f a u l t  with the  presumed lower Paleozoic country rocks intruded 

by the  trondhjemite, o r  ( c )  both - a and b .  In any case, intense deformation - 
and metamorphism, and poor exposures, prevented us from mapping any outcrop 

areas  o f  these possibly younger rocks southwest of the f a u l t .  
2 2 About 30 krn (20 mi ) of the northeasternmost corner o f  the  Ketchikan- 

Prince Rupert study area a r e  underlain by rec rys ta l l i zed  Upper Tr iass ic  and 

possibly Lower Jurass ic  volcanic las t ic  and plutonic rocks. These rocks were 

catacl  a s t i c a l  1 y deformed in Mesozoic or Early Cenozoic time, and then intruded 

and l o c a l l y  contact  metamorphosed by Eocene plutons of the  Coast Plutonic 

Complex, b u t  they cont ras t  markedly in degree of deformation and metamorphism 

from the more intensely deformed and higher grade regional l y  metamorphosed 

rocks to  t h e  southwest i n  the Coast Plutonic Complex. We i n fe r  t h a t  the  bound- 

ary between these two contrast ing assemblages was a moderately northeast-di p- 

ping thrust zone tha t  subsequently was intruded and l a rge ly  obl i t e ra ted  by 

the Eocene plutons (Berg, E l l i o t t ,  and o the r s ,  1977, p. 2 9 ) .  

The cur ren t ly  (1 980) most commercial l y  a t t r a c t i v e  mineral deposi t  on 

Port1 and Peninsula i s  the 1 arge porphyry molybdenum lode in 01 igocene grani te  

porphyry a t  Quartz Hill (no. 11 on f i g .  2 ) .  Other mineral deposi ts  t h a t  have 

recent ly  been explored include another porphyry molybdenum occurrence j u s t  

across the  mouth of Burroughs Bay from Portland Peninsula; gold, s i l v e r  and 

basemetal veins and disseminated deposi ts  in the Tr iass ic  or Jurassic vol canic 

and in t rus ive  rocks near Hyder; massive basemetal su l f ide  deposits in the  

metamorphosed bedded rocks southwest of Smeaton Bay and near Humpback Lake; 

and copper-, zinc- ,  and si lver-bearing su l f ide  veins and disseminations 

in paragneiss a t  Walker Cove. 



Potassi um-argon (K/Ar) age determi nations 

* (Open-f i  l  e repor t  78-73N) 

by 
James G .  Smith 

This map and i t s  accompanying t a b l e  l i s t  a l l  the  known potassium-argon 

( K / A r )  age determinations on  rocks and mineral s from the Ketchi kan-Prince Rupert 

study area as of mid-1980. All together ,  there  a r e  more than 130 determina- 

t ions .  O u r  repor t  contains some 50 previously unpubl ished determinations. 

About 80 of the  determinations have been pub1 ished previously, most without com- 

p le te  analy t ica l  d a t a .  For our r epor t ,  we made every e f f o r t  t o  obtain a l l  ana- 

l y t i c a l  data and the  exact sample locat ions  for  the  previously published b u t  

incomplete determinations. When d i f f e r e n t  authors refer red  t o  the  same sample 

with d i f f e r e n t  numbers, we l i s t e d  a l l  sample numbers. When necessary, we con- 

tacted the  or ig inal  a u t h o r s ,  who generously shared their  d a t a  w j t h  us. We 

especia l ly  thank M. A .  Lanphere of the U.S. Geological Survey fo r  furnishing 

analyt ical  data for  samples from Annette and Duke Is lands .  

In 1976 a subcomission of the  Internat ional  Union of Geological Sciences 

recommended adopting a new s e t  o f  abundance and decay constants  (Ste iger  and 

Jager,  1977). Since then,  most labora tor ies  have adopted the  new constants .  

For our repor t ,  we recalculated a l l  ages using the  new constants;  therefore ,  age 

values published more t h a n  a few years ago will d i f f e r  by a few percent from 

those l i s t e d  in the  t a b l e  of open-f i le  repor t  78-73N. 

The K-Ar determinations in our  repor t ,  as  well a s  U/Rb determinations on 

zircons by T .  W .  Stern (Smith and o the r s ,  1979),  show t h a t  a t  l e a s t  three  epi- 

sodes of metamorphism and seven episodes of igneous intrusion have taken place 

in the study area ,  and t h a t  they extend in time from Devonianar Si lur ian  through Mio- 

cene. As a r e s u l t  of the mult iple episodes o f  metamorphism and igneous in t rus ion,  

most of the  K/Ar determinations on mineral pairs  a r e  discordant ,  a n d  must be 

in terpre ted  with caution.  

The o ldes t  radiometrical l y  dated rocks i n  the  study area a r e  from the  

Annette Pluton  erg, 1972a), which has yielded a K/Ar age of 424 m.y. o n  horn- 

blende, and a Pb-U (z i rcon)  age of 375 m.y. ( 3 .  G. Arth, wr i t ten  commun., 

5/25/78).  Allowing fo r  analy t ica l  uncertainty,  t h i s  trondhjemite stock probably 

was emplaced in Ear l i e s t  Devonian or Latest  S i lu r i an  time. The d i f ference  in  

apparent radiometric ages i s  within the  1 imits  of analy t ica l  precision for  the 

two methods, and probably can be accounted fo r  by the  loca l ly  moderate shearing 

and rec rys ta l l i za t ion  t h a t  the  pluton has undergone ( J .  G .  Arth, wri t ten commun., 
6/14/78). 

*This report  will  be published in 1980. 



Zoned ul tramafic complexes yielding Jurass ic  o r  Cretaceous K / A r  ages occur 

on and near Duke Island and a t  Alava Bay. The determinations range from 177 

m.y. t o  76.1 m.y., b u t  most a re  between 135 m.y. and 99 .0  m.y. Apparent ages 
younger than 115 may. eas t  of Revillagigedo Channel a r e  discordant and  there- 

fore  assumed t o  be par t ly  r e s e t .  

Before our radiometric dat ing s tud ies ,  a l l  of the plutonic rocks on Revil- 

lagigedo Island and Portland Peninsula, and in adjacent areas t o  the  s o u t h  i n  

Canada, were considered t o  be par t  of a  s ing le ,  poorly documented, L a t e  Tr iass ic  

to Late Cretaceous orogeny (Buddington and Chapin, 1929). Our s tudies  show 

instead t h a t  pl utonism occurred in several separate pulses, some more wide- 

spread and important than o thers .  The o ldes t  dated pluton in t h i s  p a r t  of the 

study area i s  the  Texas Creek Granodiorite,  which was emplaced about 205 m.y. 

ago. No other plutons are  known on Revillagigedo Island o r  Portland Peninsula 

t h a t  a r e  as o ld ,  b u t  the  subsequent intense metamorphic and plutonic events 

could have completely r e s e t  the radiometric clocks o f  older plutons t o  make 

them radiometrical ly indist inguishable from younger in t rus ions .  

Jurass ic  (140 m.y.-old) quar tz  d i o r i t e  and granodiori te  intrude migmatite 

and  gneiss on Portland Peninsula, a n d  lower-grade metasedimentary and metavol- 

canic rocks on southern Revillagigedo Island.  Heating by subsequent metamor- 

phic-plutonic events was grea t  enough t o  r e s e t  the  argon clocks in these rocks, 

and only the U-Pb radiometric clocks in zircons s t i l l  record t h i s  event 

(Smith and o the r s ,  1979). 

During Cretaceous or  e a r l i e r  time, the bedded rocks on northern Revilla- 

gido Is1 and and on neighboring Cl eveland Peninsula were regional l  y metamorphosed. 

About  90 m.y. ago, they were intruded by a  batholi th of quartz d i o r i t e ,  and 

by numerous small e r  pl utons of garnet-beari ng a n d  plagiocl ase-porphyri t i c  

granodiori te ,  a l l  of which a r e  more or l e s s  fo l i a t ed  and rec rys ta l l i zed .  

Plutons of t h i s  age  have not ye t  been iden t i f i ed  eas t  of ( e a s t )  Behm Canal and  

the topographic low t h a t  marks i t s  extension through Vixen and Nakat I n l e t s .  

A s u i t e  o f  coalescing Eocene quartz monzoni t e  to granodiori t e  bath01 i  ths  

intruded eastern Portland Peninsula about 52 t o  42 m.y. years a g o .  Plutons in 

t h i s  age range a re  nearly a l l  confined to t h a t  par t  o f  the study a r e a ,  although 

a  few a re  recognized elsewhere on Portland Peninsula. However, no plutons of 

t h i s  s u i t e  have been recognized o n  Revillagigedo Island,  Cleveland Peninsula, 

or  Portland Peninsula west of Vixen a n d  Nakat I n l e t s .  

The emplacement of the Eocene plutons was accompanied by rese t t ing  of K/Ar 



c l o c k s  t h r o u g h o u t  t h e  Coast P I  u t o n i c  Complex. T h i s  r e s e t t i n g  has been a t t r i -  

bu ted  t o  w idespread h e a t i n g  o f  e n i g m a t i c  o r i g i n  (Smi th  and o t h e r s ,  1979),  o r  

t o  r e g i o n a l  u p l i f t  and c o o l i n g  (Hu tch i son ,  1970) .  

Dur ing  01 igocene and Miocene t ime ,  31 t o  19 m.y. ago, a  s u i t e  o f  w i d e l y  

s c a t t e r e d  and v o l  u m e t r i c a l l  y smal l  e p i  zonal p l  u tons was empl aced. T h i s  s u i t e  

ranges i n  compos i t i on  f rom gabbro and s y e n o d i o r i t e  t o  g r a n i t e  po rphy ry .  The 

molybdenum d e p o s i t s  a t  Q u a r t z  H i l l  and Burroughs Bay a r e  a s s o c i a t e d  w i t h  t h e  

g r a n i t e  pl u tons  . 



Tectonostratigraphic terranes and s t ruc tura l  framework of 

the  Ketchikan and  Prince Rupert quadrangles 

Regional tec tonic  and b ios t ra t igraphic  invest igat ions completed s ince  our 
preliminary geologic map was published in 1978 show tha t  the pre-Cenozoic 

s t r a t a  in the Ketchikan-Prince Rupert quadrangles area can be in terpre ted  a s  

f i v e  fault-bounded assemblages, each characterized by d i s t i n c t i v e  s t r a t i -  

graphy and tectonic h is tory   erg, Smith, and o the r s ,  1977; Berg, Jones, and 

Coney, 1978). Northeastward from Clarence S t r a i t ,  these f ive  tec tonost ra t i  - 
graphic assemblages a r e  named the  Annette subterrane (of the Alexander t e r -  

r ane ) ,  Gravina-Nutzotin be1 t ,  Taku ter rane ,  Tracy Arm te r rane ,  and St ik ine  

ter rane  ( f i g .  5 ) .  

Annette subterrane: 

The Annette subterrane, typ i f i ed  by pre-Upper Jurass ic  s t r a t a  on Annette 

and Gravina Islands,  i s  a subdivision of the Alexander tec tonost ra t igraphic  

t e r rane ,  which mainly 1 i e s  west of Clarence S t r a i t  (Berg, Jones, and Coney, 

1978). I t  i s  distinguished by a heterogeneous assemblage of  Oevonian, Si 1 ur ian ,  and 

o lder  in t rus ive ,  ext rus ive ,  c l a s t i c ,  and carbonate rocks and t h e i r  assumed 

corre la t ives  on and near Annette Is land,  and  by the  absence of  any known post- 

Middle Devonian Paleozoic s t r a t a .  The youngest pre-Cenozoic s t r a t ig raph ic  

unit  assigned t o  the  Annette subterrane i s  the Upper Tr iass ic  Chapin Peak For- 

mation (Berg, 1973). 

These rocks record several episodes o f  magmatic arc- re la ted  volcanism, 

sedimentation, and in t rus ion t h a t  began a t  l e a s t  a s  long ago as ea r ly  Paleo- 

zoic time. They a1 so record a h is tory  of deformation and metamorphism, t h a t  

depending on t h e i r  age and loca t ion ,  ranges from penetrat ive mu1 t ip1  e folding 

and pol ymetamorphism as  intense as amphibol i  t e  and hornbl ende-hornfel s  f ac ies ,  

to  r e l a t i v e l y  simp1 e folding,  development of f r ac tu re  or s l a t y  cl eavage, and 

only s l  ight  recrystal  1 i za t ion .  

The Annette subterrane i s  separated from the  Craig subterrane of the 

Alexander te r rane  by the  Clarence S t r a i t  f a u l t  and from the  T a k u  te r rane  by 

eastward-dipping mapped and infer red  t h r u s t  f a u l t s  and zones of blastomylonite. 

On Annette and Gravina Islands,  i t s  contact  with the  Gravina-Nutzotin be1 t i s  

a faul ted unconformi t y  . 



Figure  5 . --Map showing tectonostratigraphic terra.nes 
and structurdl elements in the Ketchikan and 
Prince Rupert quadrangles. 
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Gravi na-Nutrotin be1 t:  

This te r rane  comprises Upper Jurass ic  or  Lower Cretaceous volcanic, sedi-  
mentary, and presumed subvolcanic d i o r i t i c  to  ultramafic plutons. The assem- 

blage i s  in terpre ted  as remnants of a collapsed upper Mesozoic volcanic arc  

(Berg and o the r s ,  1972).  The bedded rocks a r e  regionally metamorphosed to  
prehni te-pumpellyi t e  and greenschi s t  f ac ies ,  and a r e  folded in to  southwest- 

verging, local l y  refolded, isocl ines whose axial surfaces dip moderately 
northeastward. On the  southwest, the Gravina-Nutzotin b e l t  i s  in faul ted  

s t r a t ig raph ic  contact w i t h  the  Annette subterrane; on the  northeast i t  i s  

separated from the Ta k u  te r rane  by mapped and inferred northeast-di pping 

th rus t  f a u l t s  and zones o f  blastomyloni t e .  

Taku ter rane:  

The Ta ku te r rane  contains very sparsely foss i l  i ferous upper Pal eozoic 

and Upper Tr iass ic  volcanic and sedimentary rocks, and unfossi l i ferous pe l i -  
t i c  and tuffaceous rocks t h a t  in part  may c o r r e l a t e  w i t h  Jurass ic  o r  Creta- 
ceous s t r a t a  in  the  Gravina-Nutzotin b e l t .  The s t r a t ig raph ic  key to the  t e r -  

rane i s  a thick sequence of  upper Paleozoic basa l t i c  t u f f  and agglomerate 

tha t  occurs in t h i s  te r rane  mainly north of the Ketchikan-Prince Rupert study 

area ,  and which i s  not known in any of the other  te r ranes .  The s t r a t ig raph ic  
base of the  Taku ter rane  i s  not known; c l a s t s  of leucocra t ic  quartz d i o r i t e  o r  
trondhjemi t e  i n  presumed upper Paleozoic metaconglomerate ( u n i t  MzPzc on our 
geologic map) on Revillagigedo Island a r e  1 i t h i ca l  l y  s imilar  to  trondhjemite in 

the  Devonian o r  Si lur ian  Annette pl uton (Berg, 1972a), which may have been t h e i r  
source, b u t  there i s  no s t r a t ig raph ic  evidence of pre-upper Pal eozoic crys ta l  - 
l i n e  basement beneath the presently mapped extent  of  the Taku ter rane .  

The Taku ter rane  i s  intruded by myriads of probably Upper Cretaceous dikes,  

s i l l s ,  and stocks mainly of d i s t i n c t i v e  plagioclase-porphyri t i c  and garnet- 
bearing granodiori te;  by a bath01 i t h  of Cretaceous quartz d i o r i t e ;  and by 

diverse other  plutons ranging i n  age from Late Jurassic to  Oligocene o r  Mio- 
cene and i n  composition from quartz monzonite to  pe r ido t i t e .  The ter rane  i s  

characterized by Upper Cretaceous o r  01 der northeastward-increasing regional 
metamorphism from greenschist  t o  amphibolite f ac ies ,  loca l ly  overprinted by con- 

t a c t  metamorphism o f  u p  to hornblende-hornfel s f ac ies .  Regional s t ruc tures  in- 
clude northeast-di pping t h r u s t  f a u l t s  and zones of bl astomyloni t e  cut  by younger 
high-angl e f a u l t s .  The  s t r a t i f i e d  rocks are complexly f o l d e d  in to  southwest- 

verging overturned t o  recumbent, loca l ly  refolded,  i soc l ines .  Regionally, the 



terrane may be a giant  melange or megabreccia, consisting of dismembered blocks 

of re la t ive ly  competent rocks surrounded by pel i t i c  and  tuffaceous phyl 1 i t e  and 

semischist.  The  terrane i s  bounded on the southwest by the northeast-dipping 

thrus ts  and blastomylonite zones. In the Ketchi kan-Prince Rupert study area ,  

the northeast boundary o f  the Taku terrane i s  a l i n e  connecting the western 

contacts of a north- t o  northwest-trending se r ies  of elongate stocks of f o l i -  

ated quartz d io r i t e  ( t o n a l i t e ) .  Beyond the 1 imits of the study area these 

stocks apparently coalesce into a pers is tent  s i l l  t h a t  marks the southwest 

boundary of the Coast Plutonic Complex (Brew and Ford, 1980), and which prob- 

ably was ernplaced along a Mesozoic suture t h a t  corresponds to  the contact be- 

tween the T a k u  and Tracy Arm terranes (Berg, Jones, and Coney, 1978; Brew and  

Morrell, 1979). This boundary a lso  i s  spa t i a l l y  related t o  the  Coast Range 

Mega1 ineament (Brew and Ford ,  1975), an  enigmatic topographic, s t ructura l  , and 

geophysical feature that  loca l ly  coincides with the southwestern edge of the 

Coast Plutonic Complex. 

Tracy Arm terrane:  

T h e  Tracy Arm terrane i s  the be l t  of h i g h  (sil1imanite)-grade regionally 

metamorphosed bedded rocks tha t  form roof pendants, screens, and xenol i ths  

within the Coast Plutonic Complex. Correlative rocks in neighboring parts  of 

Br i t i sh  Columbia a r e  termed the "Central Gneiss. Compl ex" (Hutchison, 1970). 

In and near the Ketchikan-Prince Rupert study area ,  the terrane consis ts  of 

sequences of pel i t i c  and  semi pel i t i c  paragneiss and s ch i s t ,  minor marble and 

amphibol i t e ,  and  very sparse ultramafic rocks. These rocks are  much l e s s  abun-  

dant than the massive t o  gneissic plutons of the Coast Plutonic Complex. Radio- 

metric dating of rocks i n  the study area gives L a t e  Jurass ic ,  Eocene, and 01 i -  

gocene to  Miocene emplacement ages for the plutons, and Eocene metamorphic ages 

for  the metapel i t e  and amphibol i t e ,  b u t  the premetamorphic ages of the s t r a t i -  

f ied  rocks in the Tracy Arm terrane are unknown. Radiometric dating of possi- 
bly cor re la t ive  rocks in the Central Gneiss Complex near Prince Rupert in 

Bri t ish Columbia suggests t ha t  a t  l e a s t  some o f  them have premetarnorphic ages of 

l a t e  Paleozoic (Armstrong and Runkle, 1979) and  ear ly  Paleozoic or Precambrian 

(Wan1 ess a n d  o thers ,  1975). 

In  the Ketchi kan-Prince Rupert study area ,  the southwest 1 imi t of t h e  Tracy 

Arm terrane a n d  of the Coast Plutonic Complex intrusives t ha t  generally envelop 

i t  i s  the western contact of the ser ies  of elongate fo l ia ted  quartz d io r i t e  

(tonal i t e )  plutons discussed in the  foregoing description of the T a k u  ter rane.  



The northeastern l i m i t  of the  te r rane  i s  infer red  t o  be a northeast-dipping 

th rus t  zone t h a t  has been intruded and largely  ob l i t e ra ted  by Eocene plutons 

(Berg, El 1 i o t t ,  and o the r s ,  1977, p .  2 9 ) .  

S t i  kine ter rane:  
2 2 Rocks assigned t o  the S t i  kine ter rane  crop out  only in a  30 km (20  mi ) 

area in the  northeast  corner of the study area .  They consis t  o f  Upper Tr iass ic  

or Lower Jurass ic  andes i t ic  t u f f  and agglomerate, volcanic graywacke and a r g i l -  

1 i  t e ,  and granod4ori t e  t h a t  have been regional 1 y metamorphosed t o  greenschi s t  

fac ies  and then intruded and thermally metamorphosed by Eocene quartz monzonite 

and granodiori te .  The Mesozoic rocks a r e  the  southwesternmost f r inge  of a n  
upper Paleozoic and younger assemblage of marine and nonmarine volcanic, in t ru-  

s ive ,  and sedimentary rocks t h a t  crops o u t  almost e n t i r e l y  in Br i t i sh  Columbia 

and Yukon Terr i tory  (Monger, 1977; Monger and Price,  1979). The St ik ine  t e r -  

rane probably originated as  a n  upper Paleozoic volcanic a rc ;  i t s  key s t r a t i -  

graphic sequence ( i n  Br i t i sh  Columbia) i s  a th ick  p i l e  of Lower and Middle Juras- 

s i c  andes i t i c  volcanic rocks t h a t  a r e  unknown i n  any o f  the te r ranes  t o  the  

west. In t he  Ketchikan-Prince Rupert study area ,  we i n t e r p r e t  the  southwest 

boundary of the  St ik ine  ter rane  as a northeast-dipping thrust zone t h a t  has 

been mostly ob l i t e ra ted  by the Eocene plutons. 



Mines, prospects ,  and mineral occurrences 

(Open-fil e repor t  78-73B) 

This map and accompanying t a b l e  b r i e f l y  and ob jec t ive ly  describe 174 metal- 

1 i ferous mines, prospects,  and mineral ( including b a r i t e )  occurrences, and 9 

occurrences of nonmetal 1 i c  minerals,  publ i c l y  known in  the Ketchi kan-Prince Rupert 

study area a t  the time the r epor t  was publ ished e a r l y  in 1978. Since then,  sev- 

e ra l  pr iva te  companies have conducted extensive mineral explorat ion i n  the  a rea ,  

but except f o r  the porphyry molybdenum deposi t  a t  Quartz Hi1 1 (Rand01 f, 1979), 
r e s u l t s  of this  explorat ion have not been made public .  

Our own inves t iga t ions  consisted of examining as  many of the known mineral 

deposits a s  possible,  t o  determine t h e i r  age, o r i g i n ,  c l a s s i f i c a t i o n ,  geologic 

s e t t i n g ,  and extent ,  and of co l l ec t ing  and analyzing representa t ive  samples of 

o r e  minerals and hostrocks. We did not en ter  or remap any abandoned underground 

mine workings because a l l  of them a r e  caved, flooded, or otherwise inaccess ib le  

or hazardous. There a r e  no a c t i v e  mines in the study a rea .  

Our repor t  shows the loca t ions  of the known deposi ts  plot ted on a combined 

topographic and generalized geologic map, a1 phabetical l y  1 i s t s  the  commodities 

contained in  them, c l a s s i f i e s  them by form and amount of development, and b r i e f l y  

describes each with appropriate  references.  Their geologic s e t t i n g s  and our 

in t e rp re ta t ions  o f  t h e i r  age, o r i g i n ,  h is tory ,  and resources a r e  summarized in 

our  repor t  describing the  mineral resources of the  study area (Berg, E l l i o t t ,  

and Koch, 1978). 

Metal 1 i  ferous depos i t s  

Between the t u r n  of the century and the ea r ly  1 9501s ,  the  study area was the  

hub of what were formerly known as the  Ketchikan and Hyder mining d i s t r i c t s  

(Brooks, 1902; Wright and Wright, 1908; Berg and Cobb, 1967),  w i t h  numerous a c t i v e  

small lode mines t h a t  shipped ores  containing gold, s i l v e r ,  copper, lead ,  zinc,  

and tungsten (Cobb, 1972a,b; Byers and Sainsbury, 1956). The gold and (byproduct) 

s i l v e r  mines were mainly on Gravina Is land,  a t  Helm Bay on Cleveland Peninsula, 

along Tongass Narrows and a t  Thorne Arm on Revillagigedo Island,  and near Hyder, 

where some of the lodes were worked mainly f o r  s i l v e r .  In addi t ion  t o  go1 d and 

s i l v e r ,  the mines on Gravina Island a l s o  shipped small amounts of  copper o r e ,  

and those near Hyder shipped o r  s tockpiled a few hundred tons of o re  or concen- 

t r a t e s  containing tungsten, copper, lead,  a n d  z inc .  Mines t h a t  produced small amounts 

o f  zinc concentrates containing subordinate copper and lead were worked a t  George 

In1 e t  and Moth Bay (Robinson and Twenhofel , 1953) 

In addit ion t o  the productive mines, several metal l i ferous deposi ts  were 



more or l e s s  extensively explored by d r i l l i n g  or underground workings, b u t  there  

i s  no record of  any production from them (Berg and Cobb, 1967) . These include 

deposi ts  prospected f o r  gold and s i l v e r  on Annette Is land;  copper a t  Walker Cove 

and near Smeaton Bay and Humpback Lake; gold, s i l v e r ,  tungsten,  and molybdenum 

near Hyder; t i t a n i f e r o u s  magnetite on and near Duke Island;  and antimony near 

Caamano Point on Cleveland Peninsula. Extensive d r i l l i n g  and other  exploration 

cu r ren t ly  (1980) i s  underway by pr iva te  i n t e r e s t s  a t  a prospect l o c a l l y  known as  

Quartz  Hi1 1 ,  about 65 km eas t  of  Ketchi kan, where several hundred mill  ion tons 

of low-grade molybdenum ore  reportedly have been blocked out  (Rand01 p h ,  1979). 

In addi t ion  t o  the mines and prospects,  t he  study area contains hundreds of 

occurrences of meta l l i fe rous  minerals t h a t  have a t  most been only cu r so r i ly  pros- 
pected. O u r  repor t  includes only occurrences t h a t  we could confirm from pub1 ished 

repor ts ,  from U.S. Bureau of Mines claim maps, or by our own f i e l d  s tud ies .  We 

did not include unconfirmed repor ts  of meta l l ic  minerals,  nor did we consider 

anomalous amounts of metals in our rock or  mineral geochemical samples a s  "mineral 

occurrences ," unl ess  subsequent fol lowup reveal ed metal 1 i fe rous  mineral s a t  the  

geochemical anomaly s i t e .  

Numerous such mineral occurrences containing t r aces  to po ten t i a l ly  s i g n i f i -  

cant  amounts of gold, s i l v e r ,  copper, lead ,  zinc,  and b a r i t e  occur on Annette 

(Berg, 1972a; Haw1 ey, 1975), Gravina, and southwestern Revil lagigedo Is1 ands; 

go1 d ,  s i l v e r ,  copper, and molybdenum on Portland Peninsula; go1 d ,  s i l v e r ,  t u n g -  

s t en ,  and molybdenum near Hyder; and t r aces  of an unidentif ied radioact ive  mineral 

on southern Gravina Island (wil l  iams, 1956). 

Nonmetal 1 i c  mineral s 

Several occurrences of mica, fe ldspar ,  and garnet near the  southern t i p  of 

Portland Peninsula have been prospected fo r  t h e i r  val ue as indus t r ia l  mineral s ,  
b u t  none has proved t o  be of commercial s i z e  or  grade (Sainsbury, 1957b). 

A small amount o f  shor t - f iber  ch ryso t i l e (? )  asbestos occurs a t  Yellow H i l l ,  

south of Metlakatla on Annette Is land.  



Geochemi s t r y  

(Open-fil e  r epor t s  78-73C-J and 78-1 56A-C) 

We conducted systematic geochemical inves t iga t ions  in the  Ketchikan-Prince 

Rupert study area to iden t i fy  a reas  o f  anomalous concentrat ions of metal 1 i c  el e- 

ments. We co l l ec t ed  and analyzed two r e l a t i v e l y  e a s i l y  obtained types of  geo- 

chemical sampl es : stream sediments and rocks.  Our repor ts  descr ibe  t h e  resul  t s  
of  these  geochemical inves t iga t ions  in  th ree  ways: (1 ) sampl e local  i t y  maps and 

accompanying t a b l e s  1 i s t  complete ana ly t i ca l  data  f o r  a l l  samples (Koch and 

E l l i o t t ,  1978a,b,c) ; ( 2 )  the ana ly t i ca l  da ta  f o r  a1 1 o f  the  U.S. Geological Survey 

geochemical sampl es  co l l  ected f o r  resource assessment in  the  study area a1 so a r e  

ava i l ab le  on magnetic computer tape (Koch, VanTrump, and McDanal, 1978); and ( 3 )  a 
s e t  of 8 maps shows the  d i s t r i b u t i o n  of stream-sediment samples containing anoma- 

lous amounts of  9 metals (Koch, E l l i o t t ,  and Diggles, 1978a-h). We se l ec t ed  these  

p a r t i c u l a r  metal s because the ex i s t ing  information on mineral deposi ts  in  the  

study area indicated t h a t  they would be useful a s  pathfinders  e i t h e r  t o  addit ional  

mineral depos i t s ,  o r  to  geological t r a c t s  w i t h  potent ial  f o r  mineral resources.  

Analyses were performed by t h e  Branch of Exploration Research o f  t he  U.S. 

Geological Survey f o r  up to 30 elements by the s ix - s t ep  semiquanti ta t ive emission 

spectrographic method (Grimes and Marranzi no, 1968) , and f o r  go1 d,  copper,  1  ead 

a n d  zinc by atomic absorption spectrophotometry (Ward and o t h e r s ,  1969).  Samples 

co l l ec t ed  i n  1972 and 1973 were analyzed f o r  mercury by a  flameless atomic absorp- 

t i on  mercury-vapor de tec t ion  technique (Vaughn and McCarthy, 1964) .  Some analyses 

were not performed on a l l  samples. 

Stream-sediment geochemical inves t iga t ions  

We co l l ec t ed  most of the  2,602 stream-sediment samples used in our resource 

assessment from 1975 through 1977, b u t  the t o t a l  a l so  includes samples 

co l l ec t ed  during o ther  U.S.G.S. geological mapping and mineral resource inves t i -  

gat ions in  the  study area between 1968 and 1977 ( f o r  example: Berg, 1972a and 1973; 

Berg and o t h e r s ,  1977; Smith, 1977; E l l i o t t  and o t h e r s ,  1976).  The t o t a l  includes 

only "normal " samples col 1 ected s p e c i f i c a l l y  fo r  resource assessment and does not 

include c e r t a i n  samples co l l ec t ed  f o r  qua1 i t y  con t ro l ,  o r  samples col l ec t ed  f o r  

special  s tud ie s  o f  sample s i t e  dens i ty  and f o r  geochemical t e s t s  o f  d i f f e r e n t  

sample s i z e  f r ac t ions  ( A .  L .  Clark, unpubl ished da ta ,  1972-4 ) .  

Sampl inq and sample preparat ion:  We f o l l  owed standard procedures in col 1 e c t -  

ing and preparing t h e  stream-sediment samples. We genera l ly  co l l  ected sampl e s  from 

t h e  f i n e s t ,  most organic- f ree  sediment in  the  a c t i v e  stream channel.  In r a r e  



instances where t h i s  was not possible,  we took them from bank o r  t e r race  deposi ts  

adjacent t o  the channel. A t  s i t e s  between sealevel a n d  timber l i n e ,  i t  was not 

a1 ways possible t o  c o l l e c t  a sample completely f r e e  of organic material , and a 

small number o f  samples have low t o  occasionally high organic content .  

We obtained stream-sediment samples a t  shorel ine s i t e s  above highest t i d e  

level wherever possible. Most of the study area i s  s teep  and sediment in the  

r e su l t ing  swi f t  streams i s  almost a l l  d e t r i t u s  resul t ing  from mechanical , not 

chemical weathering. The bulk of most stream-sediment samples comprises material 

r a n g i n g  in  s i z e  from very f i n e  sand to pebbles. Samples with a l a rge  amount of 

s i l t -  and clay-sized material a r e  r a r e  and a r e  generally from areas of low eleva- 

t ion  and gent le  gradient .  Samples were dried and sieved;  the  -80 mesh ( -0 .2  m m )  
f rac t ion  was pulverized and a s p l i t  analyzed. 

Geochemical data and in te rp re ta t ion  

Data from o u r  stream-sediment geochemical program a r e  contained in two repor ts  

(Koch and E l l i o t t ,  1978b,c) t h a t  cons i s t  of sample locat ions plot ted on 1 :125,000- 

sca le  topographic maps, accompanied by tables  of a l l  analyt ical  values, s t a t i s t i -  

cal sumnaries, and br ief  discussions o f  analyt ical  precision a n d  of  bias and va r i -  

a b i l i t y  a f fec t ing  in te rp re ta t ion .  A second s e t  of reports  (Koch, El 1 i o t t ,  and 

Diggles, 1978a-h) graphical ly presents data for  selected elements t o  a id  in mineral 

resource assessment. They consis t  of e ight  1:250,000-scale combined topographic 

and generalized geologic maps showing the  d i s t r ibu t ion  o f  gold, s i l v e r ,  copper, 

1 ead, zinc,  molybdenum, chromium, cobal t ,  and nickel in stream-sediment sampl es in 

the study area .  Because geochemical background 1 evel s vary fo r  d i f f e r e n t  1 i tholo-  

g ies  and d i f fe ren t  a reas ,  and because of other  var iants  inherent in geochemical 

sampl ing pract ice and condit ions,  each map other  than the one for  gold and s i l v e r  

suggests background, threshhold, and anomalous 1 evel s fo r  a pa r t i cu la r  element 

by grouping i t s  analy t ica l  values into 4 ranges, each represented by a d i f fe ren t  

symbol on the  map. Higher values may indica te  a grea ter  l ikel ihood of bedrock 

mineralization in the  relevant  drainage basin, b u t  confidence level s a r e  low fo r  

single-element "anomalies" and fo r  high values tha t  a re  not supported by neigh- 

boring val ues.  Because only 2 . 2 %  of the  stream-sediment sampl es analyzed fo r  

s i l v e r ,  and only 0.8% of those analyzed f o r  gold returned determinable values, 

a l l  such samples and t h e i r  values a re  plot ted on the  map showing the d i s t r ibu t ion  

o f  gold and s i l v e r .  

Rock qeochemical invest igat ions 

To complement our regional reconnaissance of stream-sediment geochemistry, 



we c o l l e c t e d  r e p r e s e n t a t i v e  "grab"  samples o f  t h e  main geo log ic  u n i t s  i n  most 

o f  t h e  s t u d y  area and analyzed them f o r  t h e  same meta ls  a s  t h e  stream-sediment 

sampl es . We a1 so c o l l  ec ted and analyzed "grab"  samples of rocks  c o n t a i n i n g  v i s i b l e  

m e t a l l i c  m i n e r a l s  (most commonly p y r i t e ,  magnet i te ,  and h e m a t i t e ) ,  and o f  hydro- 

t h e r m a l l y  a1 t e r e d  rocks  (ma in ly  f rom bleached o r  i r o n - s t a i n e d  zones).  The o b j e c -  

t i v e s  o f  these i n v e s t i g a t i o n s  were: 

( 1 )  t o  e s t a b l  i s h  background l e v e l s  o f  approx imate ly  two dozen "o re "  and path-  

f i n d e r  meta ls  i n  t h e  main geo log ic  u n i t s  t o  h e l p  i n t e r p r e t  data  f rom stream- 

sediment sampl es c o l  1  ected from streams d r a i n i n g  those u n i t s ;  

( 2 )  t o  determine whether p a r t s  of any r o c k  u n i t s  have i n t r i n s i c  v a l u e  as poten- 

t i a l  1  y  economic m i  ne ra l  resources ; 

( 3 )  t o  d e t e c t  p o t e n t i a l l y  v a l u a b l e  meta ls  n o t  v i s i b l e  i n  hand specimens; and 

( 4 )  t o  p r o v i d e  rough assays o f  samples c o n t a i n i n g  v i s i b l  e meta l1  i c  m i n e r a l s .  

Whenever p o s s i b l  e, we r e v i s i t e d  s i t e s  from which we c o l l  ec ted  r o c k  geochemical 

samples c o n t a i n i n g  v e r y  h i g h  va lues  o f  p o t e n t i a l l y  economic meta ls ,  t o  e v a l u a t e  

them as m inera l  occurrences (see f o r e g o i n g  d e s c r i p t i o n  o f  "Mines, prospects ,  and 

m inera l  occur rences" ) .  

We c o l l e c t e d  a t o t a l  o f  1,708 samples, t h e  g r e a t  m a j o r i t y  (about  85%) o f  

which were a p p a r e n t l y  ba r ren  background samples o f  r o c k  u n i t s .  The t o t a l  com- 

p r i s e s  a1 1  o f  t h e  normal r o c k  geochemical samples c o l l e c t e d  d u r i n g  U.S.G.S. 

geo log ic  mapping and m inera l  resource  i n v e s t i g a t i o n s  i n  t h e  s t u d y  area f rom 1968 

through 1977. Rock geochemical data  from these i n v e s t i g a t i o n s  a r e  con ta ined  i n  

two r e p o r t s  (Koch and E l l  i o t t ,  1978a,b) t h a t  c o n s i s t  o f  sample l o c a t i o n s  p l o t t e d  

on 1  :125,000-scal e topographic  maps, accompanied by tab1 es o f  a1 1  a n a l y t i c a l  

values,  sample d e s c r i p t i o n s ,  and s t a t i s t i c a l  summaries; d e s c r i p t i o n s  o f  sampl ing 

procedures, sample p repara t ion ,  and methods o f  a n a l y s i s ;  and b r i e f  d i scuss ions  o f  

a n a l y t i c a l  p r e c i s i o n  and o f  b i a s  and v a r i a b i l i t y  a f f e c t i n g  i n t e r p r e t a t i o n .  Analy-  

t i c a l  data f o r  r o c k  and o r e  samples c o l l e c t e d  i n  t h e  s tudy  area by U.S .  Bureau 

o f  Mines engineers f o r  m inera l  a p p r a i s a l  o f  t h e  G r a n i t e  F io rds  w i lde rness  s tudy  

area  e erg and o t h e r s ,  1977) a r e  pub l i shed  i n  a separate  s i m i l a r  r e p o r t  (Koch and 

o thers ,  1976 ) .  



I n t e r p r e t a t i o n  o f  Landsat imagery 

(Open-fi 1 e r e p o r t  78-73K, 2 s h e e t s )  

To a i d  i n  t h e  mineral  r esource  assessment o f  t h e  Ketchi kan and P r i n c e  

Rupert quadrang les ,  we analyzed Landsat images o f  t h e  s tudy a r e a  f o r  c o l o r  

anomal i  e s  , f o r  l ineaments ,  c i r c u l a r  and a r c u a t e  f e a t u r e s ,  and f o r  reg iona l  

f r a c t u r e  p a t t e r n s  t h a t  might be r e l a t e d  t o  known mineral  occurrences  (El 1 i o t t  

and o t h e r s ,  1978) ,  o r  t o  a r e a s  o f  mineral  r esource  p o t e n t i a l  (Berg,  E l l i o t t ,  

and Koch, 1978) .  To complement t h i s  comparison o f  Landsat d a t a  w i t h  the 

d i s t r i b u t i o n  o f  known o r  p o t e n t i a l  mineral  r e s o u r c e s ,  we a l s o  c o r r e l a t e d  

f e a t u r e s  i d e n t i f i e d  on Landsat imagery wi th  f a u l t s ,  c o n t a c t s ,  f o l i a t i o n ,  and 

1 i t h o l o g i c  t r e n d s  i d e n t i f i e d  dur ing geo log ic  mapping (Berg,  El 1 i o t t ,  Smith, 

and Koch, 1978a) ;  wi th  t r e n d s  o r  d e f l e c t i o n s  of aeromagnetic contours  (U.S. 

Geological  Survey,  1977) ,  and w i t h  i n t e r p r e t e d  aeromagnetic anaomal i e s  

(Griscom, 1978) ;  and w i t h  rock geochemical anomalies (Koch and El 1 i o t t ,  

1978a, b ) .  

Our r e p o r t  c o n s i s t s  o f  two 1:250,000-scale  combined topographic  and 

g e n e r a l i z e d  geo log ic  maps o v e r p r i n t e d  wi th  our  i n t e r p r e t e d  Landsat d a t a .  

One map high1 i g h t s  1 i n e a r ,  a r c u a t e ,  and c i r c u l a r  f e a t u r e s ,  and i ron-oxide 

co lo red  a r e a s .  I t  i s  accompanied by histograms of  t r e n d s ,  cumulat ive  

l e n g t h s ,  and r e l a t i v e  i n t e n s i t i e s  of l ineaments .  The o t h e r  map r e l a t e s  

t h e  Landsat d a t a  t o  geology, geophysics ,  and rock geochemistry,  and i s  

accompanied by indexes o f  t h e  Landsat imagery used i n  our  ana lyses  of the 

Ketchikan and P r i n c e  Rupert  quadrangles .  



Aeromagnetic interpretation 

(Open-fi 1 e reports 77-359 and *78-73L [2 sheets] ) 

The 1:250,000-scale aeromagnetic contour map used for our resource 

assessment o f  the Ketchikan-Prince Rupert study area was compiled from 

aeromagnetic surveys flown in 1972 ( U  . S .  Geological Survey, 1976; Berg and 

others, 1977) and 1976 (U.S. Geological Survey, 1979), and released by the 

U.S.G.S. in 1977 as an open-file map (U.S. Geological Survey, 1977). This 

aeromagnetic contour map was republished as sheet 1 of open-file report 78-73L 

(Griscom, 1978). The variations in the magnetic f ie ld  on maps such as these 

provide valuable information concerning the 1 ateral and vertical extent of 

rock uni t s  containing various amounts of magnetic minerals , usual l y  rnag- 

net i te .  Aeromagnetic maps thus a re  a most useful adjunct t o  geologic mapping 

as well as for mineral resource assessment. 

An interpretive maw (Griscom, 1978, sheet 2 ) ,  drawn on a 1 :250,000- 

scale combined topographic and  generalized geologic basemap, identifies 

various rock units in the Ketchikan-Prince Rupert study area t h a t  possess 

characteristic magnetic intensi t ies ,  and enables the interpreter t o  

extrapolate geologic information from known areas into covered or inaccessi- 

b l  e regions. 

The interpretive map of the Ketchi kan-Prince Rupert study area features 

prominent magnetic anomalies related t o  several zoned ultramafic complexes, 

as well as less prominent anomalies related t o  other mafic and ultramafic 

plutons and t o  several volcanic and metamorphic units,  I t  also shows several 

major magnetic boundaries marked by differences in the magnetic properties 

o f  the rocks on either side. The most prominent such boundaries coincide 

with mapped or inferred major faults t h a t  separate tectonostratigraphic 

terranes in the study area (Berg, Jones, and Coney, 1978; and  figure 5 in 

this  report) .  The boundaries l i e  along the Clarence St ra i t  fau l t ,  which 

*This report will be published in 1980. 
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separates the Craig and Annette subterranes of the Alexander terrane; along 

and near an inferred northwest-trending thrust zone that separates the 

Gravina-Nutzotin belt from the Taku terrane; and a l o n g  ( e a s t )  Behm Canal, 

which coincides approximately with the contact between the Taku and Tracy 

Arm terranes. The magnetic boundary along (eas t )  Behm Canal i s  the most 

prominent feature on the magnetic map. I t  represents the western l imit  of 

exposed magnetic rocks o f  the Coast Plutonic Complex, which are much more 

strongly magnetic than rocks of the terrane west of them, and also coincides 

with a major north-trending lineament that has been traced for the length 

of  southeastern Alaska (Griscom, - i n  Berg and others, 1977;  Brew and Ford, 

1978) .  



Mineral resource assessment 

(Open-fi 1 e report 78-73M) 

Open-file report 78-73M describes the metallic mineral potential of 

the Ketchi kan-Pri nce Rupert study area. I t  consists of a 1 :250,000-scale 

combined topographic and general ized geologic map that shows 1 6  areas 

favorable for metal resources in e i g h t  specific types of mineral deposits 

and the commodities likely to  be contained in them, I t  also shows the loca- 

tions of mines, prospects, and mineral occurrences known in the study area 

and l i s t s  the commodities a t  each local i ty .  We determined the mineral 

deposit types and identified the favorable areas mainly from the type and 

distribution of the known deposits, and from geological, geochemical, and 

geophysical evidence that favors the occurrence of mineral deposits. 

The map i s  accompanied by a 48-page pamphlet that describes the favor- 

able areas shown on the map, l i s t s  the c r i t e r i a  that we used t o  select each 

area, and, when data permit, predicts a t  3 confidence levels numbers o f  

undiscovered deposits of the specific types and the mineral resources 

contained in them. 

The pamphlet also describes the method that we used for our resource 

assessment, and includes 3 tables that essentially constitute the assess- 

ment. One table describes the known and inferred types of deposits in each 

area ; summarizes the avai 1 abl e data on geology , geochemistry, and geophysics , 

and on production, resources, and status o f  geologic knowledge; and provides 

the nurneri cal resource estimates. A second t a b 1  e summarizes the c r i t e r i a  

that we used t o  define the areas of metalliferous mineral resource potential. 

The third table shows the s t a t i s t i ca l  grade and tonnage models that we used 

t o  estimate the resources contained in 4 of the 8 types of mineral deposits 

in the study area. 



Mineral deposit types, mineral resource areas, and metal logenesi s 

The 8 types of mineral deposits that we identified or inferred in the 

study area occur in 16 partly overlapping areas characterized by several rock 

units containing potentially valuable metal 1 i c  mineral resources. These units 

in turn impart metallogenic significance t o  their  respective tectonostrati- 

graphic terranes (Berg, Jones, and Coney, 1978), which then provide the frame- 

work for  interpreting regional metallogenesis, and for resource appraisal and 

mineral exploration (Berg, 1979, 1980). The 8 types of mineral deposits are: 

(1 ) Porphyry molybdenum deposits in 01 igocene and possibly Miocene granite 

porphyry stocks and peripheral swarms of quartz porphyry dikes in the 

Tracy Arm and Taku terranes ( 2  a reas) ;  

( 2 )  Porphyry copper deposits in the Triassic or Jurassic Texas Creek Grano- 

dior i te  in the Stikine terrane (1  area) ;  

( 3 )  Stratabound massive and disseminated vol  canogenic base- and preci ous-metal 

deposi t s  (8 areas ) : 

( a )  in Paleozoic or Mesozoic paragneiss in the Tracy A r m  terrane; 

( b )  in upper(?) Paleozoic or Mesozoic metamorphosed sedimentary and 

volcanic rocks in the Taku terrane; 

( c )  in Upper Jurassic or Lower Cretaceous metamorphosed andesitic vol- 

canic and volcaniclastic rocks in the Gravina-Nutzotin be1 t ;  

( d )  with barite in Upper Triassic fe l s ic  metavolcanic rocks in the 

Annette subterrane; and 

( e )  possibly in Jurassic or 01 der Hazel t o n ( ? )  Group andesi t i c  metavol- 

canic rocks in the S t i  kine terrane; 

(4 )  Strat i  form t i  taniferous iron deposits (with traces of pl atinum-group 

metals ) in Upper Jurassic or Lower Cretaceous zoned u l  tramafi c complexes 

that intrude the Annette subterrane, Taku terrane, and possibly Gravina- 

Nutzotin belt ( 4  areas) ;  



(5 )  Di ssemi nated lode g o l d  deposits in pyrite- and arsenopyri te-beari ng 

upper(?) Paleozoic or Mesozoic greenschist and phyll i t e  in the Taku ( ? )  

terrane and(or) Gravina-Nutzotin be1 t (1  area) ; 

( 6 )  Copper- and iron-bearing skarn deposits i n  Paleozoic or Mesozoic meta- 

carbonate near the contacts of Cretaceous or Tertiary granodiorite and 

quartz diori t e  plutons in the Tracy Am terrane; and tungsten skarns in Hazel - 
ton(?)  Group strata near the contacts of the Texas Creek Granodiorite and possibly 

o f  Eocene granodiorite and quartz monzcnite plutons in the Stikine terrane; 

( 7 )  A s t i  bni te-bearing epi thermal replacement vein in upper Paleozoic or 

Mesozoic metacarbonate and phyl l i t e  in the Taku(?) terrane (1 a rea) ;  

and 

(8)  Auriferous and polymetall i c  quartz fissure veins, stockworks, and 

breccias t h a t  occur in diverse hostrocks throughout a l l  of the tectono- 

stratigraphic terranes. 
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