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INTRODUCTION 

During t h e  summer of 1980, a small manganese d e p o s i t  was discovered on 
Hinchinbrook I s l a n d  loca t ed  i n  P r ince  William Sound approximately 40 L 
southwest of Cordova, Alaska (Fig. 1 )  A 300 m2 rubble of Mn-rich rock 
fragments a t  an e l e v a t i o n  of 560 m on a s teep ,  north-facing s lope  appear t o  be 
der ived  from bedded mudstone and sandstone i n t e r c a l a t e d  between over ly ing  
p i l l w  lava and p i l low b recc i a  and underlying p i l low lava. The h o s t  rock f o r  
t h e  manganese appears  t o  be an  orange-weathering mudstone. I n  t h i s  r e p o r t ,  we 
p r e s e n t  a b r i e f  d e s c r i p t i o n  of t h e  geologic  s e t t i n g  and composition of t he  
d e p o s i t ,  t h e  f i r s t  d e p o s i t  of manganese known from Hinchinbrook Island. 

GEOLOGIC SETTING 

Hinchinbrook ~ s l a n d  is under la in  by rocks of t h e  l a t e  Paleocene and e a r l y  
Eocene ( ? )  Orca Group (Fig. 1 ) .  The Orca Group is considered an acc re t iona ry  
sequence of ens ima t i c  deep-sea f a n  d e p o s i t s  and i n t e r c a l a t e d  mafic  
( t h o l e i i t i e )  vo lcan ic  rocks t h a t  is  p a r t  of a 100-km-wide bel t  i n  Pr ince  
William Sound (Winkler, 1973; Winkler and P la fke r ,  1981 ). 

The Orca Group is  bounded on t h e  nor th  by the Contact  f a u l t  system ( f i g .  
1 )  a major Ear ly  T e r t i a r y  p l a t e  boundary (P la fke r  and o the r s ,  1977). The 
Contact  f a u l t  s e p a r a t e s  deformed f lysch ,  greenstone,  and l m  grade metamorphic 
rocks of t h e  Late  Cretaceous Valdez Group on the nor th  from t h e  less deformed 
f l y s c h  and volcanic  rocks of t h e  O r c a  Group on t h e  south. 

The Orca Group on Hinchinbrook I s l a n d  i s  composed of two un i t s :  a 
sedimentary u n i t  and a predominantly volcanie  u n i t .  Recent mapping i n d i c a t e s  
t h a t  t h e  two u n i t s  a r e  i n  l a r g e  p a r t  i n  f a u l t  c o n t a c t  (Nelson and o the r s ,  
1984).  Both u n i t s  have been r eg iona l ly  metamorphased t o  t h e  laumonti te  and 
prehni te-pumpellyi te  f a e i e s .  

The sedimentary u n i t  i s  c h i e f l y  f e l d s p a t h i c  and l i t h o f e l d s p a t h i c  
sandstone and s i l t s t o n e ,  with minor conglomeratic sandstone and s i l t s t o n e ,  
red-weathering s h a l t ,  and hemipelagic depos i t s .  Sandstone beds a r e  
cha rac t e r i zed  by abundant s o l e  markings and graded bedding and by f r equen t  
convolute  laminat ions and l inguoid  r i p p l e s ;  s i l t s t o n e  beds a r e  commonly 
b io turba ted .  Some beds con ta in  abundant carbonaceous p l a n t  remains and 
fo ramin i f e ra  of probable Paleocene age (Winkler, 1973). 

The predominantly volcanic  u n i t  c o n s i s t s  of aphyr ic  and phyric ,  p i l lawed 
and massive b a s a l t i c  flows and broken p i l low b recc i a  with l e s s e r  amounts of 
interbedded tuf faceous  sandstone,  purp le  and green weathering mudstone, and 
gray  laminated limestone. L a t e r a l  c o n t i n u i t y  of u n i t s  is on t h e  order  of 400 
m and many of t h e  r e s i s t a n t  vo lcanie  u n i t s  can be t r a c e d  l a t e r a l l y  from 
massive or pi l lowed flws t o  broken p i l l ow b recc i a  t o  mudstone conta in ing  r a r e  
angular  vo lcan ic  rock fragments. The l imestone con ta ins  p lanktonic  
f orancinif era, and r a r e  a l g a l ,  echinoid,  and mollusc fragments. 

The vo lcan ic  u n i t  on Hinchinbrook I s l a n d  has  a probable maximum exposed 
th i ckness  of about  3000 m. A 1900-m-thick measured s e c t i o n  from wi th in  t h e  
volcanic  u n i t  has  t h e  fol lowing percentage of rock types: 22% broken p i l l ow 
brecc ia ,  20% massive b a s a l t  f l m s ,  31% pi l low b a s a l t  flows, and 27% 
sedimentary rocks. No d ikes  o r  f eede r  systems f o r  t h e  vo lcan ic  rocks have 
been recognized. 

Nine m i c r o f o s s i l  collections made from throughout t h e  measured s e c t i o n  
sugges t  a Cenozoic age f o r  t h e  volcanic  sequence. Five of the samples con ta in  
p l a n k t i c  fo ramin i f e r s  t h a t  sugges t  water  depths equal  t o  or g r e a t e r  than 2000 
m. n90 samples contained ben th i c  forms sugges t ive  of s h e l f  depos i t ion .  F ive  



samples contain abundant pollen;  one of these samples contains benthic 
foraminifers ,  and one contains p lank t i c  foraminifers .  

COMPOSITION OF MANGANESE SAMPLES 

The manganiferous samples co l l ec ted  from Ninchinbrook Is land a r e  s l abs  up 
t o  30 c m  i n  length, 17 cm i n  widthland 7 c m  i n  thickness. The s l abs  display a 
crus ty  layer ing  and nodular f o r m  on f l a t  surfaces.  Two Mn-rich samples w e r e  
analyzed by atomic absorption spectrophotometry, and t h e  r e s u l t s  a r e  presented 
i n  Table 1. I n  addi t ion  to Mn and Fe, t he  samples contain s i g n i f i c a n t  amounts 
of Ba and Zn. 

The mineralogy of the  analyzed samples was determined by X-ray 
d i f f r a c t i o n  and petrographic study of polished t h i n  sec t ions .  Mineral 
formulas a r e  those given by Roy (1981). Manganese minerals include bementite, 
Mn7~i6015(0H)8; todorokite ,  ( N ~ , C ~ . K , ~ ~ ~ ) ( ~ ~ ~ ~ + ~ M ~ ~ ~ , I I ~ ) ~ O ~ ~  3 ~ ~ 0 ;  b i r n e s s i t e ,  
(Ca,Na) ( ~ n ~ + , ~ n ~ + )  ,oI4 3H201 r ance i t e ,  (Ca,Mn)Mn40q 3H20, and t r a c e s  of 
t ephro i t e ,  MnZSi04, and rhodonite, (Mn,Fe,Ca)Siog. Other phases present  axe 
quar tz ,  chalcedony, c a l c i t e ,  hematite, and ba r i t e .  

Bementite, the  p r inc ipa l  manganese mineral, comprises approximately 45% 
of one analyzed sample ( t a b l e  2 ) .  Bementite is pale yellow t o  yellowish 
orange and occurs i n  f ib rous  and s t e l l a t e  microcrys ta l l ine  masses (Fig. 2). 
Individual  c r y s t a l s  have a high index of r e f rac t ion  and near-para l le l  
ext inc t ion .  Brecciated masses of bementite a r e  frequently cu t  by narrow (0.1 
mm) veins o f  quartz and c a l c i t e .  Bementite is  gxeyish black on weathered 
surfaces.  X-ray d i f f r a c t i o n  p a t t e r n s  f o r  bementite a re  charac ter ized  by 
s t rong  r e f l e c t i o n s  a t  d& = 7.25 and d& = 2.50. Table 3 i s  a comparison of 
d i f f r a c t i o n  p a t t e r n s  of Hinchinbrook I s l and  bementite with bernentite from 
o the r  l o c a l i t i e s .  

Todorokite and b i r n e s s i t e  occur a s  brownish black t o  black coatings on 
sample surf  aces and f rac tu res .  Scanning e lec t ron  photomicrographs of these  
surfaces  reveal  f e l t y  and botryoidal t ex tu res  (Fig. 3) .  Rnncieite occurs as 
s i l v e r y  meta l l i c  coat ing  along f r a c t u r e s  c u t t i n g  r e l a t i v e l y  pure bementite. 
Viewed w i t h  a binocular microscope, the  r a n c i e i t e  has a smooth dish-l ike 
t ex tu re  (Fig. 4 ) .  Scanning e lec t ron  photomicrographs reveal  pa r t ings  t h a t  
give the  mineral a stacked sheet- l ike appearance (Fig. 5).  

Quartz and c a l c i t e  occur i n  veins and pods and commonly enclose bodies of 
bementite. Quartz occurs i n  nt icrocrystal l ine and polygranular mosaics of 
anhedral t o  subhedral c r y s t a l s .  Pale-brown fea thery  c r y s t a l s  of chalcedony 
l i n e  c a v i t i e s  i n  the rock. Chalcedony a l s o  occurs i n  r a d i a l  banded spheroids 
over cores of bementite. 

Fe-oxide s t a i n s  a r e  present  on 70% of the manqanese r i c h  samples. 
Locally, c l u s t e r s  of deep-red, microcrys ta l l ine  c r y s t a l s  of hematite a r e  
associa ted  w i t h  quar tz  and chalcedony. 

CONCLUSIONS 

The apparent s t r a t i f o r m  nature,  geologic s e t t i n g ,  and composition of the  
Mn mineral izat ion are supportive of a volcanogenic o r i g i n  for the  deposi t .  
The deposi t  formed i n  a moderately deep-ocean environment (-2000 m) rece iv ing 
t u r b i d i t y  current  and hemipelagic sedimentation. Volcanic rocks grading 
l a t e r a l l y  from massive and pillowed flows t o  pi l low breccia may represent  
volcanic centers  o r  seamounts i n  a marginal basin t e r r a i n .  



Although the s p e c i f i c  volcanogenic hydrothermal processes involved are 
uncertain,  manganese deposi ts  of t h i s  composition i n  s imi la r  s t r a t i g r a p h i c  
s e t t i n g s  a r e  c l a s s i f i e d  as the volcanogenie-sedimentary type (Roy, 1981 1 .  For 
example, Mn deposi ts  from the  Olympic Peninsula, Washington containing 
abundant bementite a r e  associa ted  with red calcareous mudstones and mafic 
pi l low lavas (Park, 1946; Sorem and Gunn, 1967). Park (1946) concluded t h a t  
Mn and Fe were leached from b a s a l t  during seaf loor  a l t e r a t i o n  
( " s p i l i t i z a t i o n " )  of basa l t .  Soram and Gunn (1967) a l s o  suggested t h a t  t h e  
Olympic Peninsula deposi ts  formed contemporaneously with marine volcanism and 
sedimentation, but d e t a i l s  concerning t h e  condit ions of formation a r e  
uncertain. 

Although the wallrock r e l a t i o n s  and the  s i z e  of the Hinchinbrook Mn 
deposi t  a r e  uncertain,  the geochemical f r ac t iona t ion  of Mn from Fe and o the r  
metals and t h e  separat ion of  oxide from s u l f i d e  f a c i e s  i n  marine hydrothermal 
systems suggest that i nves t iga t ion  of the  deposi t  is warranted t o  determine 
whether r e l a t e d  deposi ts  of m t a l  sulfides e x i s t  nearby. 
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L i s t  of Tables 

Table 1. Atomic absorp t ion  ana lyses  for manganiferous samples, s t a t i o n  number 
80ANS102 

Table 2. Major mineral  c o n s t i t u e n t s  of a mngani ferous  sample f r o m  
Hinchinbrook Is land .  Data i s  average of t h r e e  1,000 p o i n t  counts.  

Table 3. X-ray d i f f r a c t i o n  patterns f o r  bementites.  

List of I l l u s t r a t i o n s  

Figure 1. Generalizeed geologic  map of the Chugach National  Fo res t  and Pr ince  
William Sound showing t h e  loca t ion  of t h e  Mn deposit on 
Hinchinbrook Island. 

Figure 2. Photomicrograph showing t u f t e d  aggregates  of bementite crystals. 
Figure 3. Scanning electron photomicrograph of bo t ryod ia l  Mn-oxides, probably 

a mixture of t odorok i t e  and b i r n e s s i t e .  
Figure 4. Silvery coa t ing  of r a n c i e i t e  on manganiferous sample. 
Figure 5. Scanning electron photomicrograph of r a n c i e i t e .  



TABLE 1 .  Atomic absorption analyses of manganiferous samples, 
station number 80ANS102. 

-__-------*------"-----------------------------------d------------------------ 

Element Sample 1 Sample 2 
Mn 29% 35% 
Fe 13% 14.3% 
Zn 100 3,400 
Ba 6,700 3,300 
Sr 290 2 15 
Co (30 (30 
Cd (10 (10 
Pb <SO (50 
Cu <2 0 (20 
N i  8 5 115 
Cr 85 100 

---__----3-------1----------------------------"---------------------"--------- 

Values for Mn and Fe i n  weight%; others i n  ppm,. 
Analyst: Robin M. Bouse. 

-----------------------------------------------*--------------------*--------- 

TABLE 2. Major mineral constituents of manganiferous sample 
from Hinchinbrook Island. Data i s  average of three 
1,000 point counts. 

Mineral % of specimen 
Beme n t i t e  45.4% 
Quartz 20.2% 
Chalcedony 7 .6% 
Calcite 8.4% 
Other (Mn, 
oxides) 18.4% 
Barite trace 

----------------_------*------------------------------------------------------ 



TABLE 3. X-ray diffraction patterns for bementites. 

- -- - - . -  - - - - - - . - - - - - - - . 

Hinchinbrook Is. Ichinomato mine, Franklin, Crescent deposit, 
~ a ~ a n ~  New ~ e r s e ~ ~  Olympic peninsula, 

I------_------_*-------------------------------------------------------------- 

- - - - - - - - - - 

1 .  Powder X-ray diffraction analysis using CUK radiation; sample rotated at 
l 0  20/min. 

2. D a t a  from: Sorem and Gunn, (1967). 
3. Data from: Powder Diffraction Data for Minerals, f i r s t  supplement. 
4. Data from: Sorem and Gunn, ( 1967 1.  



Figure 1 




