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STUDIES RELATED TO WILDERNESS 

The Wilderness Act (Pub l i c  Law 88-577, September 3, 1964) and r e l a t e d  
ac ts  requi  r e  t h e  U.S. Geological Survey and t h e  U.S. Bureau o f  Mines t o  survey 
c e r t a i n  areas on Federal lands t o  determine t h e i r  minera l  resource p o t e n t i a l .  
Resu l ts  must be made a v a i l a b l e  t o  t h e  p u b l i c  and be submi t ted  t o  t h e  President  
and t h e  Congress. This  r e p o r t  presents t h e  r e s u l t s  o f  a geochemical survey o f  
t h e  Chugach Nat ional  Forest ,  Alaska, i n c l u d i n g  t h e  Nel 1  i e  Juan and Col lege 
F i o r d  Wilderness Study Area (PL 96-487, 12/2/80) and those areas designated 
Roadless Area and c l a s s i f i e d  f o r  f u r t h e r  p lann ing  du r ing  t h e  Second Roadless 
Area Review and Eva lua t ion  (RARE 11) by t h e  U.S. Fores t  Serv ice,  January 1979. 

I NTRODUCT I ON 

Purpose o f  Study 

This r e p o r t  p resents  t h e  r e s u l t s  o f  a  geochemical survey o f  t h e  Chugach 
Nat ional  Forest, south-cent ra l  A1 aska. Sampl es of morai ne- and stream- 
sediment, heavy-mineral concentrate o f  t h e  sediments, and rock  were c o l l e c t e d  
as p a r t  o f  t h e  minera l  resource p o t e n t i a l  survey o f  t h e  f o r e s t .  The strearn- 
sediments, heavy-mi n e r a l  concentrates,  and rocks were analyzed by 
semiquant i ta t i ve  emiss ion spectroscopy, Concentrat ions o f  se lec ted  elements 
i n  t h e  sediments and rocks were determined by atomic abso rp t i on  spectrometry. 
Chemical data f o r  a1 1  samples a r e  tabu la ted  i n  t h e  f o l l o w i n g  sect ions.  I n  
add i t i on ,  a  summary o f  se lec ted  s t a t i s t i c a l  est imates f o r  t h e  elements i s  
presented. The purpose o f  t h i s  r e p o r t  i s  t o  make t h e  a n a l y t i c a l  data 
a v a i l a b l e  t o  t h e  p u b l i c  and t o  p rov ide  s u f f i c i e n t  i n f o r m a t i o n  f o r  users o f  t h e  
data t o  make t h e i r  i n t e r p r e t a t i o n s .  

Location 

The Chugach Na t iona l  Fores t  (Fig. 1) i s  l o c a t e d  i n  t h e  Kenai-Chugach 
Mountains and G u l f  o f  Alaska Coastal Sect ions o f  t h e  P a c i f i c  Rorder Ranges 
physiographic prov ince.  Its area o f  approximate ly  7400 square m i  1  es makes t h e  
Chugach t h e  second l a r g e s t  Nat iona l  Fores t  i n  t h e  Un i ted  States. The Forest  
encompasses P r ince  W i l l i a m  Sound, t h e  l a r g e s t  embayment a long  t h e  coast  o f  
Alaska between Cape Spencer and Cook I n l e t .  Roughly o n e - t h i r d  o f  t h e  l and  i s  
covered by i c e f i e l d s  and a c t i v e  v a l l e y  g l a c i e r s ,  many o f  which ca l ve  i n t o  
Pr ince  Wi l l i am Sound o r  i n t o  t h e  Copper River. Mount Marcus Baker, a t  
13,250 ft, i s  t h e  h ighes t  p o i n t  i n  t h e  Nat iona l  Forest. The f o r e s t  i s  l o c a t e d  
on po r t i ons  o f  t h e  Anchorage, Val dez, Seward, Cordova, Be r ing  Glac ie r ,  R l y i  ng 
Sound, Middleton I s l a n d  and I c y  Bay lo x 3" quadrangles. 

Geol ogy 

Most of t h e  Chugach Na t iona l  Forest  i s  u n d e r l a i n  by two major geo log ic  
u n i t s ;  t h e  l a t e  Cretaceous Valdez Group and t h e  Paleocene t o  Eocene(?) Orca 
Group. Both groups c o n s i s t  l a r g e l y  o f  graywacke, s i l t s t o n e ,  and shale, w i t h  
t h e  f i n e r  gra ined rocks  commonly d i s p l a y i n g  a s l a t y  fabr ic .  A d d i t i o n a l l y  , 
both  o f  these f l y s c h  u n i t s  c o n t a i n  l o c a l  conglomerate and m a f i c  complexes 
c o n s i s t i n g  of sheeted dikes, t h i c k  p i 1  low b a s a l t  f lows and minor  gabbro and 
u l t r a m a f i c  rock (Tysdal and o thers ,  1977). 





Sedimentary rocks younger than t h e  Orca Group crop out  i n  t h e  southeast 
p a r t  o f  t h e  f o r e s t .  These rocks, Eocene t o  P le is tocene i n  age, were deposi ted 
i n  a  con t i nen ta l  margin bas in  du r ing  several episodes o f  mar ine regress ion  and 
t ransgression.  

Plutons occur throughout  t h e  study area. These represent  two i n t r u s i v e  
events a t  rough ly  50 m.y, and 35 m.y. A more d e t a i l e d  d e s c r i p t i o n  o f  t h e  
geology o f  t he  Chugach Nat iona l  Fores t  can b e  found i n  Nelson and o thers  
(1984a). 

Known Resources 

Go1 d, copper, and o i  1  have been t h e  p r i n c i p a l  resources produced w i t h i n  
t h e  Chugach Nat iona l  Forest,  I t  has been commonly accepted t h a t  t h e  Valdez 
Group represents a  go ld  p rov ince  and t h e  Orca Group represents  a copper 
p rov ince (Tysdal and Case, 1982). 

Both lode and p l a c e r  g o l d  depos i ts  have h i s t o r i c a l  l y  been mined from Por t  
We1 l s ,  f rom P o r t  Val dez and on t h e  Kenai Peninsula. The go1 d  a t  P o r t  Val dez 
and on t h e  Kenai Peninsula i s  found i n  vugqy quar tz  ve ins  w i t h i n  Valdez Group 
f l y s c h  hos t  rocks. I n  t h e  P o r t  Wel ls d i s t r i c t ,  go ld -bear ing  qua r t z  ve ins a r e  
found i n  f l y s c h  ad jacent  t o  midd le  T e r t i a r y  p l  utons. 
. Known copper depos i ts  a r e  s p a t i a l l y  associated w i t h  m a f i c  vo l can i c  
rocks. The p r i n c i p a l  h i s t o r i c  massive s u l f i d e  depos i ts  a r e  a t  El  lamar, 
Landlocked Bay, P o r t  F i d a l  go, LaTouche I s l a n d  and Kn igh t  Is land.  The Kni ght 
I s l a n d  deposi ts  a r e  hosted i n  an o p h i o l i t e - l i k e  sequence and can be c l a s s i f i e d  
as "Cyprus-type". A l l  of t h e  o ther  above massive s u l f i d e  occurrences a r e  
hosted i n  sedimentary rocks and may be c l a s s i f i e d  as "Besshi - type" deposi ts .  
The Beatson Mine on LaTouche Is land,  which operated between 1904 and 1930, 
ranks as t h e  second l a r g e s t  copper producer i n  Alaska. 

Coal and o i l  occurrences a r e  associated w i t h  t h e  younger T e r t i a r y  
sediments i n  t h e  southeastern reg ion  o f  t h e  Nat ional  Forest.  S t r u c t u r a l  l y  
complex coal  seams o f  t h e  Ber ing  R ive r  Coal F i e l d  a r e  de f i ned  by t h e  outcrop 
area o f  t h e  K u l t h l e t h  Formation. O i l  and gas seeps a r e  common i n  t h e  v i c i n i t y  
o f  Ka ta l l a ,  a long t h e  Gu l f  o f  Alaska, where numerous w e l l s  produced o i l  
commercially between 1901 and 1930. None o f  t h e  r e l e v a n t  o rgan ic  geochemistry 
data a re  discussed i n  t h i s  repor t .  For more i n f o r m a t i o n  on t h e  o i l  and coal  
resources, r e f e r  t o  Nelson and o the rs  (1984b). 

Sample Col 1 ect ion and Preparation 

I n  areas o f  ex tens i ve  g l a c i e r  cover, sediment was c o l l e c t e d  from a c t i v e  
medial o r  l a t e r a l  moraines. G l a c i o f l u v i a l  outwash was obta ined from below t h e  
t e r m i n i  o f  many o f  t h e  sma l l e r  v a l l e y  g lac ie rs .  I n  a l l  o the r  l o c a l i t i e s ,  
sediment samples were taken from f i r s t -  o r  second-order drainages, a t  an 
approximate dens i t y  o f  one s i t e  per  f o u r  square mi les.  C e r t a i n  areas w i t h i n  
t h e  Nat ional  Fo res t  may l a c k  sample s i t e s  because o f  such f a c t o r s  as 
i n a c c e s s i b i l i t y  o r  t h e  absence o f  sediment. 

A t  l e a s t  f i v e  grab samples were c o l l e c t e d  a t  each s i t e  a long a  30 f o o t  
s t r e t c h  o f  t h e  a c t i v e  stream channel o r  moraine u s i n g  a po l ye thy lene  o r  
aluminum scoop. The-grab samples were cornposited i n t o  a s i n g l e  sample and 
then a i r -d r i ed .  The composited sample was s ieved u s i n g  a  s t a i n l e s s  s t e e l  80- 
mesh (177 m opening) screen. The ma te r ia l  passing th rough t h e  80-mesh screen 
was pu l ve r i zed  f o r  ana lys is .  The d iscussion t h a t  f o l l o w s  uses stream o r  
moraine "sediment" as synonymous w i t h  t h e  minus-80-mesh f r a c t i o n .  



Heavy-mineral concentrates o f  sediments were c o l l e c t e d  a t  mos t  s i t e s  
u s i n g  a  common go ld  pan. The concentrates were n o t  c o l l e c t e d  a t  some s i t e s  
because of a near absence o f  sediment. Commonly, t h r e e  t o  four k i lograms of 
composited sediment were co l  l e c t e d  t o  y i e l d  t h e  desi r e d  30-60 grams o f  
concentrate. A t  t h e  l abo ra to ry ,  t h e  sample was a i  r -d r i ed ,  and t h e  h i g h l y  
magnetic ma te r i a l  ( i  . e . ,  magneti te,  i l m e n i t e )  was removed w i t h  an 
electromagnet. Any 1  i ghtwei ght  mater i  a1 remain ing was then  separated by 
a l l o w i n g  t h e  heav ier  f r a c t i o n  t o  s e t t l e  through brornoform ( s p e c i f i c  g r a v i t y  
2.8). The r e s u l t i n g  heavy-mineral f r a c t i o n  was then separated i n t o  a  
nonmagnetic and magnetic f r a c t i o n  us ing  a F ran tz  Isodynami c Separator w i t h  an 
equ iva len t  s e t t i n g  o f  0.6 ampere, w i t h  5" fo rward  and 10" s i d e  s e t t i n g s .  The 
nonmagnetic f r a c t i o n  was pu l ve r i zed  i n  an agate mor tar  be fore  ana lys is .  A 
s p l i t  o f  t h e  nonmagnetic f r a c t i o n  was a l so  c o l l e c t e d  f o r  o p t i c a l  examinat ion, 
ma in ly  t o  de tec t  t h e  presence o f  v i s i b l e  go ld  o r  s u l f i d e s .  

Rock samples were c o l l e c t e d  from outc rops  of a l l  t h e  major rock  u n i t s  
mapped by Nelson and o thers  (1984a). Each sample was tr immed t o  remove any 

I,  obvious weathered mater i  a1 . A1 1  samples were crushed and p u l v e r i z e d  be fo re  
ana lys is .  

ANALYTICAL PROCEDURES 

Each sediment, nonmagnetic heavy-mi n e r a l  concent r a t e ,  and rock sample was 
analyzed s e m i q u a n t i t a t i v e l y  f o r  31 elements us ing  an o p t i c a l  emission 
spectrograph, accord ing t o  t h e  method out 1  i ned by Grimes and Marranzi no 

- (1968). The semiquan t i t a t i ve  spectrographic values a r e  repo r ted  as t h e  
approximate geometric midpo in ts :  1.0, 0.7, 0.5, 0.3, 0.2, 0.15 ( o r  

" 

app rop r ia te  powers o f  10) o f  ranges, whose r e s p e c t i v e  boundaries are: 1.2, 
0.83, 0.56, 0.38, 0.22, 0.18, and 0.12 (o r  app rop r ia te  m u l t i p l e s ) .  

The p r e c i s i o n  o f  t h e  r e s u l t s  of t h e  semiquan t i t a t i ve  spec t rograph ic  
analyses va r ies  from rock type t o  rock t ype  and f rom element t o  element w i t h i n  
t h e  var ious  sample media. I n  general, t h e  p r e c i s i o n  o f  t h e  r e s u l t s  of t h e  
method i s  p l u s  o r  minus one r e p o r t i n g  value o f  t h e  ac tua l  va lue g iven 83 
percent  o f  t h e  t i m e  and w i t h i n  two i n t e r v a l s  96 percent  o f  t h e  t i m e  (Motooka 

a and Grimes, 1976). Analyses performed by one a n a l y s t  over  a  r e l a t i v e l y  s h o r t  
p e r i o d  of  t ime  e x h i b i t  a degree o f  p r e c i s i o n  g r e a t e r  t han  t h a t  quoted. A 
re fe rence  sample was i nc luded  on every spec t rograph ic  p l a t e  t o  i n s u r e  t h e  
q u a l i t y  o f  t h e  analyses. 

The lower l i m i t s  o f  de terminat ion  f o r  t h e  31 elements determined i n  
sediments and rocks a re  g iven i n  t a b l e  1. Because heavy minera l  concentrates 
y i e l d  a  complex spec t ra  due t o  h ighe r  concent ra t ions  f o r  va r i ous  i n t e r f e r i n g  
elements ( i . e . ,  Zr, T i )  t h e  a n a l y t i c a l  sample s i z e  was reduced by one-half .  
The lower l i m i t s  o f  de terminat ion  were cor rqspond ing ly  r a i s e d  by two r e p o r t i n g  
i n t e r v a l s  f o r  t h e  concent ra te  samples. 

Most sediment samples were analyzed by atomic abso rp t i on  spectrometry f o r  
As, Au, Cd, Sb, and Zn t o  o b t a i n  lower de terminat ion  l i m i t s  than a v a i l a b l e  by 
emission spectrography. For  se lec ted  rocks, Cu, Pb, Zn, Sb, As, Au and Cd 
were a l s o  determined by atomic absorp t ion  spectrometry. The chemical methods 
a r e  descr ibed i n  d e t a i l  by Ward and o the rs  (1969) and V ie t s  (1978). Detec t ion  
l i m i t s  a t t a i n e d  by these methods a r e  .05 ppm f o r  Au and Cd, 1 ppm f o r  Cu, Pb, 
Sb, and Zn, and 5 pprn f o r  As. For some rock samples, As was determined us ing  
c o l o r i m e t r y  (Ward and others,  1963) and a t o t a l  gamma count was used t o  
determi ne equ iva len t  u r a n i  um. 



Table 1.--Visual lower  1 i m i t s  o f  de terminat ion  f o r  semiquan t i t a t i ve  emiss ion 
spectrographic analyses o f  samples of sediment and rock.  

[The 1  ower 1  i m i  t s  of determi n a t i o n  f o r  heavy-mi nera l  concentrates were r a i s e d  
by two r e p o r t i n g  i n t e r v a l s .  L i m i t s  c a l c u l a t e d  e i t h e r  i n  percent  o r  i n  p a r t s  
per  m i  1  1  i o n  (ppm).] 

Element Percent P Pm 

Cal cium 
I r o n  
Ma gn es i urn 
T i  t a n i  um 
Ant i  mony 
Arsenic 
Barium 
Bery l  1  i urn 
Bismuth 
Boron 
Cadmi urn 
Chromi urn 
Cobalt  
Copper 
Go1 d 
Lanthanum 
Lead 
Manganese 
Molybdenum 
Nicke l  
N i  obiurn 
Scandi urn 
S i  1  ver  
S t ron t i um 
Thor i  urn 
T i n  
Tungsten 
Vanadi urn 
Y t t  r i  urn 
Z inc  
Z i  rconiurn 



STATISTICAL SUMMARY 

I n  t h i s  repo r t ,  no data i n t e r p r e t a t i o n  i s  presented. Therefore, t o  
a s s i s t  users o f  t h e  data, we have inc luded several  u n i v a r i a t e  s t a t i s t i c a l  
est imates and graph ica l  d i sp lays  o f  t h e  data. 

We have used t h e  "boxp lo t "  (Tukey, 1977) t o  conven ien t l y  show t h e  range 
of observed concent ra t ions  f o r  t h e  elements reported. The boxp lo ts  f o r  t h e  
sediment and heavy-mineral concentrate data a re  shown i n  f i g u r e s  2 and 3, 
respect ive ly .  For each boxplot ,  t h e  maximum, t h e  upper f i r s t  p e r c e n t i l e ,  t h e  
upper f i f t h  p e r c e n t i l e ,  t h e  upper q u a r t i l e ,  t h e  median, t h e  lower q u a r t i l e ,  
and t h e  minimum value a r e  shown. I n  many o f  t h e  samples, concent ra t ions  f o r  a 
number o f  elements a r e  lower than  t h e i r  de terminat ion  1 i m i t s  and i n  some o f  
t h e  samples some elemental concentrat ions a r e  g rea te r  t han  t h e  upper l i m i t  o f  
measurement; t he re fo re ,  some o f  t h e  boxp lo ts  a r e  abbreviated. Reported 
q u a l i f i e d  concent ra t ions  f o r  a  p a r t i c u l a r  element a r e  i n d i c a t e d  by an arrow a t  
t h e  t o p  of t h e  b o x p l o t  t o  show g rea te r  than o r  by an arrow a t  t h e  bottom t o  
show less  than a  g iven l i m i t  o f  determinat ion. I n  a d d i t i o n ,  because o f  t h e  
r e p o r t i n g  i n t e r v a l s  f o r  semiquan t i t a t i ve  emission spec t rograph ic  ana lys i s ,  i t  
may n o t  be p o s s i b l e  t o  d i s t i n g u i s h  between t h e  median value and e i t h e r  t h e  
upper o r  1  ower q u a r t i  1  e concent ra t ions  f o r  c e r t a i n  elements. For these 
boxplots, one of t h e  q u a r t i l e  boxes i s  omit ted. For  example, r e f e r  t o  t h e  Y 
boxp lo t  f o r  t h e  sediment data ( f i g .  2). Here i t  was n o t  p o s s i b l e  t o  
d i s t i n g u i s h  between t h e  median and t h e  upper q u a r t i l e  value. For Y, t h e  30 
ppm value conta ins  bo th  t h e  50th p e r c e n t i l e  and 75th p e r c e n t i l e  o f  a1 1  
observat ions. 

Using t h e  spec t rograph ic  i n t e r v a l s  as c l a s s  w id ths ,  histograms o f  most o f  
t h e  elements a r e  shown i n  f i g u r e s  4 and 5. Elements t h a t  have h i g h l y  censored 
data  a re  no t  p l o t t e d .  The histograms conven ien t ly  show t h e  range of t h e  data, 
t h e  modes f o r  each, and t h e  general form o f  t h e  d e n s i t y  d i s t r i b u t i o n .  The 
number of samples below t h e  de tec t i on  l i m i t  i s  i n d i c a t e d  by "n " a t  t h e  l e f t  
o f  t h e  histograms whereas t h e   umber o f  samples t h a t  exceed t h e  l i m i t  o f  
measurement i s  i n d i c a t e d  by "n " a t  t h e  r i g h t  o f  t h e  histograms. 

Tables 2 and 3 present  some u n i v a r i a t e  s t a t i s t i c s  which h e l p  descr ihe  t h e  
• d i s t r i b u t i o n  o f  t h e  data. Many o f  t h e  values were s i n g l y  censored, e i t h e r  

above o r  below t h e  a n a l y t i c a l  de tec t ion  l e v e l s  f a r  t h e  a n a l y t i c a l  standards 
used. De tec t i on  r a t i o s ,  t h e  number o f  uncensored va lues  d i v i d e d  by t h e  t o t a l  
number o f  samples analyzed f o r  a given element, descr ibe  t h e  degree t o  which 
t h e  data were censored (Miesch, 1976). 

U n i v a r i a t e  s t a t i s t i c s  were c a l c u l a t e d  f o r  those elements t h a t  have 
• de tec t i on  r a t i o s  g r e a t e r  t han  0.7. Geometric mean and geometr ic d e v i a t i o n  

( the  a n t i l o g s  o f  t h e  mean l o g  and l o g  standard dev ia t i on ,  r e s p e c t i v e l y )  were 
c a l c u l a t e d  us ing  t h e  U.S. Geological Survey STATPAC program f o r  F isher-K 
s t a t i s t i c s  (Miesch and VanTrump, 1977). This  program a1 lowed t h e  mean l o g  and 
l o g  var iance t o  be determined us ing  Cohen's (1959) method f o r  t h e  maximum 
1  i k e l  i hood es t imate  f o r  normal and s i n g l y  censored d i  s t  r i  b u t i  ons. For  1  ag • normal data, 95 percent  o f  a l l  values f a l l  w i t h i n  an expected range from: 

geomet r i  c  mean t o  geomet r i  c mean x (geornet r i  c devi a t  i on) 

(geometri c devi a t i  on)2 



t-: Figure 2. --Boxplot o f  the  stream- and moraine-sediment data 
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F i o u r e  4.--C;nt i n u e d .  
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Table 2.--Some u n i v a r i a t e  s t a t i s t i c a l  es t imates  f o r  2173 
stream- and moraine-sediment sampl es 

[Geometric mean, geometric dev ia t i on ,  and expected range f o r  Fe, Mg, Ca, and T i  a r e  i n  terms 
of percent. Data f o r  o the r  elements a re  expressed i n  p a r t s  p e r  m i l l i o n .  A dash symbol ( - - )  
i nd i ca tes  no data. Atomic absorp t ion  data a re  i n d i c a t e d  by an AA preceding t h e  element 
symbol. A l l  o the r  elements were determined by semiquan t i t a t i ve  emiss ion spectrography.] 

Element D R ~  N~ L~ G~ B~ Geometric Geometric Expected ~ a n ~ e ~  
Mean Dev la t  i o n  

Detec t ion  r a t i o  (OR) i s  t h e  number of uncensored values d i v i d e d  by t h e  t o t a l  number o f  
samples analyzed f o r  a g iven element. 

N i s  t h e  number o f  samples i n  which concent ra t ions  cou ld  n o t  be detec ted a t  t h e  lower  
determinat ion  l l m i  t. 

a L i s  t h e  number of samples w l t h  concent ra t ions  repo r ted  as observable b u t  which were l e s s  , . 
than t h e  lower determinat ion  l i m i t .  

G I s  t h e  number o f  samples w l t h  concent rs t ions  repo r ted  as g r e a t e r  than t h e  upper l i m i t  ' 

o f  a n a l y t i c a l  measurement. 

B i s  t he  number o f  samples where t h e  element was not  analyzed. 

Expected range I s  t h e  d i s t r i b u t i o n  of 95 percent  o f  a l l  data expected f o r  lognormal data 



Table 3.--Some u n i v a r j a t e  s t a t i s t i c a l  'est imates f o r  2009 
nonmagnetl c heavy-rnlneral concent ra te  samples. 

[Geometric mean, geometr ic  d e v i a t i o n ,  and expected range f o r  Fe, Mg. C a .  and TI  a r e  I n  t e n s  
o f  percent. Data f o r  o t h e r  elements a r e  expressed i n  p a r t s  p e r  m i l l i o n .  l eade rs  ( - - )  denote 
no data. A l l  e lements were determined by semiquan t i t a t i ve  emiss ion spectrography.] 

Element DRI N~ L~ G~ 85 Geometric G e m e t r i c  E x p e c t e d ~ a n c j e ~  
Mean D e v i a t i o n  

De tec t i on  r a t l o  (OR) 1 s  t h e  number of  uncensored values d i v i d e d  by t h e  t o t a l  number o f  
samples analyzed f o r  a g iven element. 

H I s  t h e  number o f  samples f n  wh lch  concent ra t lons  cou ld  n o t  be detec ted a t  t h e  l o w e r  
. determinat ion  l l m l t .  

I * '  

L 1s  the number o f  samples w i t h  concent ra t ions  r e p o r t e d  as observab le  hu t  which\were '. 
l e s s  than the l ower  de te rm ina t i on  l l m i t .  

G 1s t h e  number o f  samples d t h  concent ra t ions  repo r ted  as  g r e a t e r  t han  t h e  upper l i m i t  : o f  a n a l y t i c a l  measurement. 

B i s  t h e  number of samples where t h e  element was n o t  analyzed. 

Expected range i s  t h e  d i s t r i b u t i o n  o f  95 percent  o f  a l l  data expected f o r  lognormal da ta  



DESCRIPTION OF TABLES 4a-40 

Tables 4a-40 compare concen t ra t i on  p e r c e n t i l e  va lues f o r  s e l e c t e d  
elements f rom t h e  most abundant rock u n i t s  w i t h i n  t h e  Chugach Na t i ona l  
Forest .  These data were determined f o r  unminera l i zed  rock  samples f rom t h e  
f o l l o w i n g  geo log i c  u n i t s :  

D = Younger T e r t i a r y  sedimentary rocks (n = 3 6 ) l  

I g  = T e r t i a r y  p l u t o n s  o f  f e l s i c  t o  i n t e r m e d i a t e  compos i t i on  (n = 95) 

I m  = Gabbro and ma f i c  p l u t o n i c  phases (n = 30) 

0 = Typ i ca l  Orca Group t u r b i d i t e s  (n = 246) 

Od = Sheeted d ikes ,  m a f i c  d ikes ,  gabbro, and p l a g i o g r a n i t e  w i t h i n  t h e  
Orca Group (n = 59) 

O f  = P i l l o w  b a s a l t ,  greenstone, g reensch i s t  and b a s a l t  f l o w s  w i t h i n  t h e  
Orca Group (n  = 98) 

0s = In te rbedded  sedimentary rocks w i t h i n  v o l c a n i c  r ocks  o f  t h e  Orca 
Group (n = 140) 

V = Typ i ca l  Val dez Group sediments (n = 200) 

Vd = Dikes, s i l l s ,  and p l a g i o g r a n i t e  w i t h i n  t h e  Valdez Group (n = 35) 

Vg = Greenstone, g reensch is t ,  gabbro and t u f f  o f  t h e  Valdez Group 
(n = 71) 

Vgn = Higher  grade s c h i s t s  and gneisses o f  t h e  Valdez Group (n  = 22) 

Vs = Valdez sediments w i t h i n  vo l can i c  rocks  (n = 37)  

1 llnll r e f e r s  t o  t h e  number o f  grab samples c o l l e c t e d  f rom each rock type. 



Table 4a . - -D i s t r i bu t i on  o f  Fe w i ' t h i n  rock  samples f rom t h e  m o s t  
abundant l i t h o l o g i e s  w i t h i n  t h e  Chugach Nat iona l  Forest  

Percentile 
Rock U n i t  M i  n i  mum 10 - 5 0 - 80 - 9 0 - 95 - 98 - Ma x i  mum 

Table 4b . - -D is t r ibu t ion  of  Mg w i t h i n  rock  samples f rom t h e  most  
abundant l i t h o l o g i e s  w i t h i n  t h e  Chugach Na t i ona l  Forest  

Pe rcen t i  l e  
Rock U n i t  M i  n i  mum 10 - - 5o - 90 - 95 - 9 8 - Ma x i  mum 



Table 4c. - -D is t r ibu t ion of Ca w i t h i n  rock samples f rom the most 
abundant l i t h o l o g i e s  w i t h i n  t h e  Chugach National Fo res t  

8 
Percen t i l e  

Rock Uni t  Minimum - 10 50 - 80 - 9 0 - 9 5 - 98 - Ma x i  mum 

Table 4d. - -D is t r ibu t ion o f  Mn w i t h i n  rock samples from the  most 
abundant l i t h o l o g i  es w i t h i n  t h e  Chugach N a t i o n a l  Forest 

Rock Un i t  M i  n i  mum 

100 
50 

200 
7 0 
70 

300 
50 
7 0 
150 
50 

100 
300 

Percen t i l e  

- 90 8o - 

1500 20011 
700 1000 

1500 1750 
1000 1500 
1500 2000 
2000 2000 
2000 3000 
1000 1500 
2000 2000 
1500 1500 

500 600 
1500 2000 

Ma x i  mum 



Table 4e.-,Distribution o f  B w i t h i n  rock samples from t h e  most  
abundant 1 i t h o l o g i  es w i t h i n  t h e  Chugach Nat iona l  Forest  

P e r c e n t i l e  
Rock U n i t  M i  n i  mum 10 - 5 0 - 8 0 - 9 0 - 9 5 - 98 - Ma x i  mum 

Table 4 f . - - D i s t r i b u t i o n  o f  Ba w i t h i n  rock samples from t h e  most 
abundant l i t h o l o g i e s  w i t h i n  t h e  Chugach Nat iona l  Forest  

P e r c e n t i l e  .m Rock U n i t  Mi n i  mum - 10 50 - 8 0 - 9 5 90 - - 98 - Ma x i  mum 



Tab le  4 g . - - D i s t r i b u t i o n  o f  Co w i t h i n  r ock  samples from t h e  most 
abundant l i t h o l o g i e s  w i t h i n  t h e  Chugach N a t i o n a l  Fo res t  

Percent  i 1 e 
Rock U n i t  M i  n i  mum 10 - 5 0  - - 9 0 8o - 9 5 - 9 8 - Ma x i  mum 

Table  4 h . - - D i s t r i b u t i o n  o f  C r  w i t h i n  r ock  samples f r om  the  most 
abundant l i t h o l o g i e s  w i t h i n  t h e  Chugach N a t i o n a l  F o r e s t  

P e r c e n t i  l e  
Rock U n i t  M i  n i  mum - 10 - 5 0  8n - 9 0 - 95 - 98 - Ma x i  mum 



Table 4 i . - - D i s t r i b u t i o n  of  Cu w i t h i n  rock samples  from t h e  most  
abundant li t h o l o g i  es w i t h i n  t h e  Chugach Nat ional  Forest  

* Percent i  l e  
Rock U n i t  M i  n i  mum 10 - - - Ma x i  mum 80 - 9 0 - 9 5 - 3 8 

Table  4 j . - - Q i s t r i b u t i o n  o f  N i  w i t h i n  rock samples from t h e  most  
abundant l i t h o l o g i e s  w i t h i n  t h e  Chugach Nat ional  Fo res t  

Percent i l e  
Rock U n i t  Minimum - 10 - 50 - - Ma x i  mum 9 5 90 - 8o - 98 



Table 4k . - -D is t r i bu t i on  of  Pb w i t h i n  rock samples from t h e  most 
abundant l i t h o l o g i e s  w i t h i n  t h e  Chugach Nat iona l  Forest  

Percent i 1 e 
Rock U n i t  M i  n i  mum 10 - 5 0 - 8 0 - 9 0 - 9 5 - 98 - Ma x i  mum 

Table 41 . - -D is t r ibu t ion  o f  S r  w i t h i n  rock samples from t h e  most 
abundant l i t h o l o g i e s  w i t h i n  t h e  Chugach Nat iona l  Forest  

P e r c e n t i l e  
Rock U n i t  M i  n i  mum 10 - 50 - - - 9 5 - 98 - Ma x i  mum 

lOOL 
lOON 
lOON 
1 OON 
lOON 
1 OON 
lOON 
1 OON 
l O O N  
1 OON 
200 
1 OOL 

100 
lOON 
lOOM 
125 
100N 
1 OOL 
lOOL 
100 
lOON 
1 OON 
200 
100 



Table 4m.--Dis t r ibut ion o f  Y w i t h i n  r ock  samples f r o m  t h e  most 
abundant l i t h o l o g i e s  w i t h i n  t h e  Chugach Nat iona l  Fores t  

Percent i 1 e 
Rock U n i t  M i  n i  mum 10 - 5 0 - 80 - 9 0 - 9 5 - 9 8 - Ma x i  mum 

Table 4n . - -D i s t r i bu t i on  of Zr w i t h i n  rock samples from t h e  most 
abundant l i t h o l o g i  es w i t h i n  t h e  Chugach Nat iona l  Forest 

P e r c e n t i l e  
Rock U n i t  M i  n i  mum 10 - 50 - - - Ma x i  mum 90 8o - 9 5 - 98 

5 0 5 0 
100 200 

35 ion 
150 200 
100 250 
100 100 
100 150 
150 200 
100 200 
30 7 0 
50 8 5 

100 150 



Tab le  4 0 . - - D i s t r i b u t i o n  o f  AA-Zn w i t h i n  rock samples  from t h e  most 
abundant l i t h o l o g i e s  w i t h i n  t h e  Chugach National F o r e s t  

• P e r c e n t i l e  
Rock U n i t  Mi n i  mum 10 9 5 9 8 - 50 - 80 
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90 - - - Ma x i  mum 



DESCRIPTION OF APPENDIX TABLES 

Data i n  Appendix t a b l e s  I, 11, and I 1 1  a re  ar ranged so  t h a t  column 1 
con ta ins  t h e  ass igned f i e l d  number t h a t  i s  p l o t t e d  on t h e  l o c a t i o n  maps 
( p l a t e s  1 and 2). A l l  concen t ra te  samples w i t h i n  t a b l e  I 1  were 
m i c r o s c o p i c a l l y  examined, and those w i t h  observed unnatu ra l  con tamina t ion  were 
f lagged w i t h  a  "1". Rock data w i t h i n  t a b l e  I 1 1  i s  grouped by l i t h o l o g i c  
u n i t .  L a t i t u d e  n o r t h  and l o n g i t u d e  west ( i n  degrees, minutes, and seconds) 
a r e  g iven  i n  columns 2 and 3. The remain ing columns c o n t a i n  t h e  
concen t ra t i ons  of t h e  elements reported. A1 1 determi  n a t i o n s  made by 
semiquant i  t a t i  ve emiss ion spect rometry  a r e  i n d i c a t e d  by an "S"  f o l l  owing t h e  
element symbol. Determinat ions made by atomic abso rp t i on  spect rometry  a re  
i n d i c a t e d  by "aa" f o l l o w i n g  t h e  element symbol and those  made by c o l o r i m e t r y  
a r e  f o l l o w e d  by a "cm". A l l  element concen t ra t ions  a re  g iven  i n  p a r t s  p e r  
m i l l i o n  (ppm) except  f o r  Fe, Mg, Ca, and T i ,  which a r e  g iven  i n  percent.  

I f  an element was looked  f o r  i n  t h e  spec t rograph ic  a n a l y s i s  b u t  n o t  
de tec ted  i n  t h e  sample, an N i s  g iven i n  p l a c e  o f  an a n a l y t i c a l  value. I f  t h e  
c o n c e n t r a t i o n  o f  an element exceeded t h e  upper l i m i t  o f  measurement, a  > i s  
g iven  and t h e  upper a n a l y t i c a l  va lue i s  noted; s i m i l a r l y ,  i f  t h e  concen t ra t i on  
i s  determined below t h e  lower  l i m i t  o f  d e t e c t i o n  a < i s  g iven  i n  a d d i t i o n  t o  
t h e  lower  l i m i t .  I f  data does no t  e x i s t  f o r  a  p a r t i c u l a r  element i n  a  sample, 
a  dash symbol ( - - )  i s  given. 

We have made a reasonable e f f o r t  t o  v e r i f y  t h e  q u a l i t y  o f  t h e  da ta  w i t h i n  
t h e  t i  me and personnel  const  r a i  n t s  on t h i  s  study. However, some d isc repanc ies  
and u n c e r t a i n t i e s  a r e  always assoc ia ted  w i t h  l a r g e  da ta  bases of t h i s  
nature.  I n  t h e  data presented here, some d isc repanc ies  may occur  f o r  a 
p a r t i c u l  a r  element i n  a  sample analyzed by bo th  s e m i q u a n t i t a t i v e  emiss ion 
spec t rograph ic  and atomic absorp t ion  methods. I n  general ,  t h e  few m i  n o r  
d isc repanc ies  t h a t  may be p resen t  i n  t h e  data presented here  a r e  w i t h i n  t h e  
i n h e r e n t  u n c e r t a i n t i e s  assoc ia ted  w i t h  a n a l y t i c a l  subsampling and techniques 
used. Sampl es w i t h  s i g n i f i c a n t  d i  screpancies have been reanalyzed when 
p o s s i b l e  and t h e  c o r r e c t e d  values were i nc l uded  i n  t h e  f o l l o w i n g  t ab les .  
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