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The U.S. Geological Survey I s  required by the Alaskan National In terests  
Lands Conservation Act (Publlc Law 96-487, 1980), t o  survey ce r ta i n  Federal 
lands t o  determine t h e l r  mineral values, I f  any. Results from the Alaska 
Mineral Resource Assessment Program (AMRAP) nust be made .aval lab le  t o  the 
~ b l l c  and be submitted t o  the President and the Congress. This repor t  
presents ana ly t i ca l  r esu l t s  o f  a geochemical survey of the M t .  Katmai 
quadrangle, and port ions o f  the Naknek, Afognak, and I 1  l a m a  quadrangles, 
Alaska. 

Ouring the sumners o f  1983-85, we conducted a reconnaissance geochemical 
survey o f  the Mt. Katmai quadrangle and port ions o f  the Naknek, Afagnak, and 
I l p a  quadraples, Alaska ( f i g .  1). The area comprises approximately 10,000 
m i  (26,000 Ian ) on the northern par t  of the Alaska Pennisula. The towns o f  
Naknek and King Salmon 1 l e  i n  the northwestern port ion o f  the study area. The 
study area encompasses much of the Katmi National Park and Preserve, as we l l  
as a p a r t  o f  the McHei 1 State Game Preserve. Very few roads e x i s t  throughout 
the quadrangles and access t o  wch o f  the area i s  l imi ted t o  a i r  o r  boat 
t r ave l  

The topographic re1  i e f  i n  the study area i s  about 7090 ft. (2170 m) , wi th  
a m x i m m  elevat ion o f  7090 ft. a t  the summit of Smwy Mountain. The r e l i e f  
i s  rugged and mountainous t e r r a i n  wi th youthful stream drainages. Interstream 
uplands, underlain by extensive ground moraines, are covered by f ie lds  of 
grasses and low shrubs and have narrow, deeply incised drainages. Large 
g lac ia l  lakes preserved i n  the area were formed by the re t rea t  o f  the g lac ie rs  
from the terminal moraines (Kel ler  and Reiser, 1959). The Val l ey  o f  Ten 
Thousand Smokes, f o m d  when the ash from the Mt. Katmal erupt ion o f  1912 
(Fenner, 1920), has been deeply incised and was not sampled. The c l  imate i s  
very wet; r a i n f a l l  exceeds 200 inches per year. 

Marine sedimentary rocks of the H t .  Katmai study area range i n  age from 
Jurassic through ea r l y  Tert iary. Igneous rocks of Jurassic t o  ear l y  Ter t ia ry  
age farmed an early ba tho l i t h i c  terrane that  was the source fo r  the extensive 
Naknek formation i n  the l a t e  Jurassic. The Kaguyak Fonnation of l a t e  
Cretaceous age over1 i e s  the Naknek and i s  composed of l i t t o r a l  s i  1 tstone, 
sandstone and shale. Normarine s i l ts tones shales, and coal-bearing u n i t s  of 
Eocene age i n te r f i nge r  w i t h  volcanic rocks (Keller and Reiser, 1959). 
Basal t ic  t o  andesi t ic  volcanic rocks form the ac t ive  pa r t  o f  the Aleut ian 
volcanic chain. Several o f  these volcanoes are active: Mt .  Katmai erupted i n  
1912, Trident erupted i n  1973, and Augustine, located jus t  nor th  o f  the study 
area, erupted i n  1986. M t .  Mageik has an active hot-spring system i n  the 
sunmit caldera. 

Analyses o f  the stream-sediment samples represent the chemistry o f  the 
rock mater ia l  eroded from the drainage basin upstream from each sample s i te .  
Such information i s  useful  i n  ident i fy ing those basins which contain 
concentrations of elements tha t  may be related t o  mineral deposits. Heavy- 
mineral-concentrate-samples provide information about the chemistry o f  ce r ta i n  
minerals i n  rock mater ia l  eroded from the drainage basin upstream from each 



Figure 1. Index map of  the M t .  Katmai, Naknek, Afognak, and Iliamna 
quadrangles, Alaska. 



s-le s i te .  The select ive concentration of minerals, many o f  which may be 
ore-related, pern i t s  determination o f  so= e lemnts  tha t  are not eas i l y  
detected i n  stream-sediment sa~ples.  

Sarple Col lect ion 

- We co l lec ted sanples a t  1243 s i t es  (p la te  1). A t  nearly a11 of those 
sites, we co l lec ted both a streancsediwnt sample and a heavy-mineral- 
concentrate samle. Sampling density was about 1 sample s l t e  per 5 m i 2  f o r  
the stredm sediments aml heavy-mineral concentrates; areas covered by g l a c i a l  
mater ia l  r e r e  not sanpled2 The area o f  the drainage basins sampled ranged 
frm 2 m i  t o  about 10 m i  . Duplicate sanples were taken a t  approximately 
every 20th s i t e  and are denoted by sample suf f ix  SO i n  Table 2, or by sample 
s u f f i x  CD. Samples denoted by CRI and CR2 i n  table 3 r e fe r  t o  pa i r s  o f  
dupl i ca te  samples. 

The stream-sedlmnt samples consisted o f  act ive al luvium co l lec ted 
p r ima r i l y  from f i rs t -order  (unbranched) and second-order (below the junction 
of  two f i r s t - o rde r )  streams as shown on USGS topographic maps (scale = 
1:63,360). Each sample was composited from several l o c a l i t i e s  w i t h i n  an area 
tha t  may extend as much as 100 ft. from the s i t e  p lo t ted on the map. 

We co l lec ted heavy-mi neral-concentrate samples frm the same act ive 
al luvium as the stream-sediment samples. Each bulk sample was screened w i th  a 
2.0-mn (10-mesh) screen t o  remove the coarse material. The less than 2.0-mn 
f r a c t i o n  was panned u n t i  1 most of the quartz, feldspar, organic material,  and 
c l  ay-s ized material were removed. Several panned concentrates were obtained 
from al tered o r  mineralized rock a t  s i t es  rhere a l te ra t ion  was observed; these 
samples are designated w i th  the s u f f i x  CM i n  Table 3. 

Sarple Preparation 

The stream sediment samples were a i r  dried, then sieved using 80-mesh 
(0.17 mn) stain less steel  sieves. The por t ion  of the sediment passing through 
the sieve was saved f o r  analysis. 

A f t e r  a i r  drying, we used bromfonn (speci f ic  g r a v i t y  = 2.8) t o  remove 
the remaining quartz and feldspar from the heavy-mineral-concentrate samples 
tha t  had been panned i n  the f i e l d .  The resu l tant  heavy mineral sample was 
separated i n t o  three f ract ions using a large electromagnet ( i n  t h i s  case a 
modified Frantz Isodynamic Separator). The most magnetic material,  p r imar i l y  
magnetite, and a second fract ion,  large ly  ferromagnesian s i  1 icates and i r o n  
oxides, was not analyzed. The t h i r d  f r ac t i on  (the least  magnetic mater ia l  
which may include the normagnetic ore minerals, zircon, sphcne, etc. ) was 
s p l i t  using a Jones s p l i t t e r .  One s p l i t  was hand-grwnd for  spectrographic 
analysis; the other s p l i t  was saved f o r  mineralogical analysis. These 
magnetic separates are the same separates that  would be produced by using a 
Frantx Isodynamic Separator set a t  a slope of 15" and a t i l t o f  10" w i t h  
a current  o f  0.1 ampere t o  remove the magnetite and Ilmeni te, and a current  o f  
1.0 ampere t o  s p l i t  the remainder o f  the sample in to  paramagnetic and 
normagnetic fract ions. 



Ye analyzed the streancsedlmnt and heavy-nlneral-concentrate samples for 
31 elements using a semiquantl tat ive, direct-current arc em1 ssion 
spectrographic method ( G r i m  and Marranti no, 1968). The elements analyzed 
and t h e i r  lower l i m i t s  of determination arc l i s ted  i n  fab le 1, Spectrographic 
resu l ts  were obtained by visual comparison of spectra derived from the sample 
against spectra obtained from standards made from p u n  oxides and carbonates. 
Standard concentrations are geometrical ly spaced over any given order o f  
magnitude o f  concentration as follows: 100, 50, 20, 10, and so forth. 
Sawles whose concentrat i~ns are estimated t o  f a l l  between those values are 
assigned values o f  70, 30, 15, and so forth. The precision of the analy t ica l  
method i s  approximately plus o r  minus one report ing in terva l  a t  the 83 percent 
confidence level and plus or minus two report ing Intervals a t  the 96 percent 
confidence level (b tooka and Grimes, 1976). Values determined for  the major 
elements (magnesium, calcium, iron, and t i  tan im)  are given i n  weight percent; 
a1 1 others are given i n  parts per m i  11 ion (microgrms/gram). Analyt ical  
resul  t o  f o r  stream-sediment and the heavy-mineral-concentrate samples are 
l i s t e d  i n  tables 2 and 3, respectively. 

R E K  MALYSIS S T O W  SYSTEU 

Upon completion o f  a l l  analyt ical work, the analyt ical  resu l ts  were 
entered i n to  a computer-based f i l e  cal led Rock Analysis Storage System 
(RASS) . This data base contains both descript ive geological information and 
analy t ica l  data. Any or a l l  of t h i s  information say be retr ieved and 
converted t o  a binary form (STATPAC) for computerized s t a t i s t i c a l  analysis o r  
pub1 i ca t l on  (VanTrump and Miesch, 1977). 

DESCRIPTION OF DATA TABLES 

Tables 2-3 l i s t  the analyses f o r  the sanples o f  stream sediment and 
heavy-mineral-concentrate samples respectively. For the two tables, the data 
are arranged so that column 1 contains the USGS-assigned sample-site numbers. 
These numbers correspond t o  the nu&ers shown on the s i t e  locat ion map 
(plate 1). Columns i n  which the element headings show the l e t t e r  'su below 
the element s m o l  are emission spectrographic analyses. A l e t t e r  *NM i n  the 
tables indicates that  a given ele~fent was looked fo r  but not detected a t  the 
lower l i m i t  of  determination shown f o r  that  element i n  table 1. I f  an element 
was observed but was below the lowest reporting value, a "less thanu symbol 
(<) was entered i n  the tables i n  f ron t  o f  the lower l i m i t  of  determination. 
I f  an element was observed but was above the highest report ing value, a 
"greater thanu symbol (>) was entered i n  the tables i n  front o f  the upper 
l i m i t  o f  determination. I f  an element was not looked f o r  i n  a sample, two 
dashes (--) are entered i n  tables 2-3 i n  place of an analyt ical  value. 
Because o f  the formatting used i n  the computer program that  produced tables 
2-3, some of the elements l i s t e d  i n  these tables (Fe, Mg, Ca, Ti, Ag, and Be) 
carry one or more nonsignificant d i g i t s  t o  the r i gh t  o f  the s ign i f icant  
d lg i t s .  The analysts d id  not deternine these elements t o  the accuracy 
suggested by the extra zeros. 



A number of our colleagues participated in the collectton and preparation 
of these samples: collection, Richard Goldfarb, John Gray, Wendy Gerstel, 
Karen Duttweller, Jim Frlsken, and Dave Kel ly; preparation, Jerry Gaccetta, 
Michael Jenner, Rl ck Klebanow, John Unruh, and Dean Yannacito. 
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TABtE 1. --Lini t s  o f  deteminat ion for  the spectrographlc analysl s 
o f  strean sediments, based on a 10-rg sample 

[The spectrographlc l im i t s  of &temlnatlon f o r  heavy-nlneral-cowcntrate 
sanples are bused on a 5 - 4  s m l e ,  and are therefore two reporting 
Intervals higher than the I i n l t s  given f o r  and stream sedinents] 

Lower Upper 
Elements determination detemlnat ion 

l ini  t l f m l t  

Percent 

Magnes iurn (Mg ) 0.02 
Calcium (Ca) .05 
I ron  (Fe) .05 
T i  t a n i m  (Ti)  .002 

Parts per m i  11 ion 

Manganese (Mn) 
Si lver  (Ag) 
Arsenic (As) 
Gold (Au) 
Boron (8) 
Barium (Ba) 
Beryl 1 iurn (Be) 
Bismuth (Bi) 
Cadmium (Cd) 
Cobalt (Co) 
Chromium ( C r )  
Copper (Cu ) 
Lanthanum (La) 
Molybdenum (Mo) 
Niobium (Nb) 
Nickel (Ni) 
Lead (Pb) 
Antimony (Sb) 
Scandium (Sc) 
Tin (Sn) 
Strontium (Sr) 
Vanadium ( V )  
Tungsten ( W )  
Yttrium (Y)  
Zinc (Zn) 
Zf rconium (Zr) 
Thorium (Th) 







I 

I >  

lrLlr 2. aaitr#l rf rtrewmllmmt urplrs frm tb M, btul study un, Marbr-(cort.) 







50 
50 
LOO 
50 
loo 
70 

100 
200 
100 
70 

KO1 119 W SO W 200 SO0 I 30 (200 70 
101128 I SO M 200 So0 N 20 (200 70 
KO1138 I 30 W 150 700 W 30 I 70 
KO1 148 W SO I 200 500 I 30 (200 70 
KO11511 W 90 I 100 1,000 I 50 (200 70 
KO1 lbS W 50 W 500 700 I 30 t 200 100 
~ 0 1 1 7 ~  I 50 N 110 1,000 n 50 200 100 
KO1 1BS N 30 I IS 0 700 W 30 2U SO 
KO1 199 I SO M W Sb 300 SO 
K0120S W 30 I 150 lS0 W 20 W 100 





Table 2. Analyses of rtrtarldimt wqlrs f r ~  the flt, Katui study arn, Alaska--lcont.) 



Trblr 2. llnalysn of r t r m u - s d i r m t  urplrs froa t b  Ht, K a t u i  ~ t u d y  arra, Llarkr--(cant.) 

200 
200 
360 
150 
200 
300 
zoo 
200 
150 
200 





20 
so 

100 
100 
70 

loo 
70 

150 
1 a0 
100 

loo 
1M 
70 
SO 
70 
70 

100 
30 

50 
so 
!lo 
so 
70 
50 
50 
30 
SO 
50 



102009 W 20 N 200 100 
K0201S W 15 I 100 150 
K0202S W 20 N 200 150 
NO2038 W 20 I 200 100 
K0204S N 20 N 200 1 JO 
KO203 N 20 N 1JO 150 
KOZObS 4 15 N 150 100 
KOZ07S N 20 M 100 100 
KOZOBS N 20 4 200 100 

KO2OOS II 20 I SO0 IS0 
KO2105 W 20 N 200 150 
10211s N 20 N 100 150 
KO2128 N 15 R 100 100 
10213s n 20 w is0 100 
KO2149 W 20 N 500 200 
KOZlSS 4 20 W 200 200 
KO2169 W 20 W 300 150 
KO217S W 20 W SO0 13 
KO2 1 7SD N 20 I 300 150 loo 





lrblr 2, Analyrn of strear-sedtrmt sqln frm the Ilt, Katvi rtudy ura, iRlrska--(cmt,) 

Be-ppa li-ppr 
s s 

Crypa tu-ppm La-ppr 
s s n 



Table 2. h r l y w  of streu-ndiment ulplms frw the Ilt. K a t u i  study area, Illnka--(cant.) 





Tab11 2. Ilnalyws of rtrmar-wdirmt uglrr  from the It .  Katui rtudy rrma, Alrskr--(cmt.) 



Table 2. hrlyrn nf rtrcrr-sdi~mt ~ q l r t  from the Ilt. K a t u i  study Irma, Ilrrh--1tmt. 1 





Table 2. Anrlyrn of strrnwdimt ulples fror thm Ilt. K a t u i  rtudy usr, Alaska--(cmt.) 

Suplc 

K l  OSOSD 
KlObW 
K10619 
Kl062S 
11043s 
K l  OMS 
KIM% 
K1 WS 
Kt0678 
K l  w 
KlObPS 
K10705 
KlOllS 
K10725 
K107SS 
K1071S 
K 1076s 
K1077S 
K1078S 
K1079S 

KlOBOS 
K10819 
KZOOlS 
K2002S 
K2003s 
KZ004S 
K20059 
K20069 
K2007S 
K2010S 

KZOllS 
K201X 
K2013S 
K20145 
K2015s 
K201bs 
K2017S 
K201ES 
1201% 
112020s 

100 
loo 
1SD 
100 
100 
IS0 
150 
to 
SO 
30 



Trblc 2. h l y w r  of streu-rrdirmt ulplts frw thr Wt. Krtrri atudy urr,  Ilrrkr--(cmt.) 

150 
150 
1% 
150 
200 
is0 
150 
Is0  
Is0 
100 

1JO 
100 
150 
340 
200 
200 
200 
300 
100 
loo 

70 
200 
70 
100 
130 
100 
100 
loo 
100 
100 

100 
loo 
1QO 
104 
200 
1JO 
is0 
1w 
1s 
100 





Tallr 2. Ilnrly~?s of rtreulrdilrnt sampler from thr I. Katwi ~ t u d y  area, A1aska--(cmtm) 



Tab11 2. hrlyur of strrrrlrdilsnt upl@s frm thm It .  Yatui study arn, Alrstr--(c#t.l 

100 
200 
100 
150 
1s 
150 
100 
150 
150 
100 

200 
loo 
Is0 
200 
200 
100 
100 
100 
100 
150 

150 
200 
1s 
loo 
10Q 
100 
150 
100 
100 
m 



Table 2, Analyrrr of s t r e a r ~ r d f r m t  r a r p l ~ s  frw t h r  Ilt. Katui study area, I luka--fcont.)  

Latitude Lmgi tude tip-pct . Ca-pct. Fr-pct. Ti-pct. 
s s I s 



Trblr 2. Ilnrlym of streulrdimmt uqlem frol the Nt. Kltui study area, Ilnkr--(emto) 



Tablr 2. Analyur of stream-nfdinnt urplu fror tbr Ilt, Katul study urr, Ilrrtr--lc#lt.) 



Table 2. llnalysln of stream-sdimt rrqlrr from the Ht. Katui  wtudy un, Aluka--(cmt.) 

flaqlr Lati tudc Lmpitude !g-pct. Cr-pct. Fe-pct. Ti-pet. h-ppm Ap-ppr k-ppr h-ppr B-ppr I 
s I s I s I I I B 

K2529S 
WOS 
K2531S 
K2532S 
K2533S 
KmS 
K25359 
K2S36S 
K2537S 
KmBS 
K25398 
mos mis 
K2WE 
K2S4SS 
K2544S 
K2545S 
mbs 
K2547S 
KZJ4l 

K 2 W S  
m0S 
K255 13 
Kmzs 
K25536 
K2554S 
K2SS4SD 
K255SS 
K25SbS 
K2S57S 



13s n 
ws N 
119 (1.0 
$25 (1.0 
534 N 
54s I 
HSD W 
1% n 
569 N 
579 N 



Idle 2, llnrlysn 04 strmu-ndirmt uqln from tbe M, K a t u i  rtrdy UN, filaakr-(cmt.1 

KZSM5 I 20 II 200 150 I 20 I 70 
K2521S I 30 M 100 700 I 20 I 50 
K2S229 I 20 I 500 300 I SO 200 1% 
K2S2SS W 20 I 200 150 I 20 I 100 
K25215 I 50 H 300 So0 W 50 lo0 
K252SS H 20 I 200 100 - I 30 70 
K2S2bS I SO I foa 500 II 30 1 ,m 30 
KmfS I 30 I 200 200 I 20 N 70 
K25278D I 30 W 300 200 I 30 W 50 
K25M W 20 W 300 200 W 20 N 70 

740 
so0 
150 
'500 
300 
200 
100 
150 
tab 
200 







Tl lr  2. ARdps of ~treu~odiaent srrpltr frm tb I(t. I(rtw1 study arm, Alaska--(crmt.) 

zoo 100 
300 100 



Table 2. Anrlyrn of strru~dimt wqlm frm the !It. KatrrI ntdy u e r ,  Illankr--(cmt.) 

Srrplc Latitude Longitude Rg-pct. C r p c t .  Frpct. Ti-pct. Nn-ppa Ag-ppr Ih-ppr hi-ppr 8-ppr 1 
m B I I I 5 B I I 



T a b l t  2. halyrn of stream-sdiamt urpler from thc i t .  Katut study arm, AIa~~ka--(cont. 1 



Table 2, hdym of strrn-srdimt salplrr frua t h ~  I t .  Katari ~ t u d y  rrma, Alaska--(cmt.) 

Zr-ppr 
1 

10 
50 

100 
10 
70 

100 
LOO 
so 

200 
70 

200 
70 
200 
100 
150 
1M 
50 
50 

loo 
70 

100 
200 
300 
70 

150 
70 

150 
70 

1% 
100 



Table 2. krrlysn of straam-sodimant ~mples frm the It. Klthai ~ t u d y  WRar Alaska--(cpnt.) 

rple Latitude Longitude Hg-pct. Ca-pct , Fe-pct. Ti-prt. Nn-ppr Aq-ppr Is-ppr Au-ppr 0-ppa 01-ppr 
I S B 5 5 S J S S 3 

85s 
BbS 
01s 
OH 
ass 
04s 
05s 
065 
07s 
085 



Table 2. hrlyrn of streu?odimt s r r p l n  frw tbe Ilt. Krtui rtudy wrr,  Alrskr-(rant.) 

so 
20 
JO 
50 
20 
20 
30 
70 
20 
30 

50 
20 
20 

loo 
Is0  
70 
50 
50 

100 
70 

70 
50 
30 
20 

loo 
70 
50 
SO 
20 
50 

24 
50 
20 
30 
30 
50 
50 
50 
30 
20 



Tabl~ 2. Ilnalysm of rtrrrr-udirmt rrlplmr from the I t .  Katul  study area, Illaskr--(c~nt,) 

Sb- ppr 
s 

I 
N 
I 
I 
I 
I 
w 
N 
N 
W 

W 
n 
W 
I 
W 
N 
w 
W 
II 
N 

N 
W 
N 
W 
W 
a 
N 
W w 
w 
w 
N 
1 
N 
w 
w 
W 
I 
N 
N 



Tabla 2. hrlvm of ~trrra-rrdlrmt -la% fraa tk M. Krtui study area, Aluka--(cant.) 

Supla Latitude longitude 119-pct. Ca-pct. F r p t t .  Ti-pct. L-ppr 119-ppr As-ppr h-ppm 8-ppr &. 
s t I a s I s I I ! 



T d l e  2. A n a l y m  of streu-srdirmt urplts fror the Bt. Katui study area, Illrskr--(cant.) 





Latitude 

a 4 6  8 
S0 40 42 
3 50 49 
50 so 49 
50 53 20 
58s2  2 
58 53 21 
JB 54 17 
58 47 17 
58 46 58 

5 8 5 0 2 0  
38 55 18 
50 55 18 
58 55 35 
S8 56 32 
3 56 14 
3 54 19 
5834 2 
50 92 32 
58 52 32 

58 32 32 
58 47 12 
58 46 24 
58 50 40 
5831 8 
50 23 50 
58 2s 22 
S0 42 17 
58 44 5 
58 44 10 

98 43 56 
58 42 11 
58 43 0 
50 40 38 
58 44 38 
50 40 16 
58 40 50 
58 40 49 
50 37 44 
58 39 36 

Lmpi tudr 

18 11 44 
153 13 0 
1SS 17 13 
133 17 18 
1s 18 50 
155 18 0 
1SS 23 12 
155 27 35 
1s 49 32 
155 48 22 

195 52 30 
15S 37 22 
1% 57 14 
15558 s 
195 28 12 
155 21 42 
1 s  118 52 
155 14 49 
155 13 5 
15s 12 2 

155 12 2 
155 17 10 
15S 17 56 
15s 22 m 
155 24 33 
I54 37 40 
154 33 41 
154 40 43 
154 40 27 
154 40 34 

1S4 41 0 
154 39 SO 
154 32 30 
154 11 46 
154 6 11 
154 b 8 
153 52 20 
195 52 2 
153 48 58 
153 41 50 

10 300 
10 300 
10 so0 
10 sw 
ia sao 
20 300 
10 300 
10 wo 
15 300 
10 300 



Table 2, krlyrn of atran-sedirmt urpltr frw the Ilt. Katui ntrdy area, Alrrkr--(cmt.) 



Table 2. Analyses of rtrculldiamt urpler frm t k  Ht. K a t u i  study uma, Marta--(rmt.) 

300 
200 
150 
150 
100 
100 
500 
1SO 
I50 
200 

m 
100 
100 
100 
704 
1M 
200 
300 
300 
300 

200 
w 
too 
200 
200 
150 
150 
150 
300 
zoo 





Tllr 2. hrlym of strauwdirmt u ~ l n  ftm the It ,  Katrri study urr, filmla-kont. 1 



Table 2. hrlym of ~treu-sedimt uqln frw the M. Katmi mtudy u r r ,  Illnltr-(cat.) 

2a0 
is0 
SM 
1s 
200 
150 
150 
1 s  
loo 
150 

200 
J00 
190 
150 
150 
100 
100 
200 
150 
200 

1m 
200 
sao 
200 
150 
300 
150 
150 
lso 
150 

200 
100 
100 
200 
1s 
200 
loo 
150 
200 
150 

150 
m 

.,m 
200 
1SO 
200 
300 
200 
200 
1 SO 





T l l e  2. h a l y u r  of rtrtrr-ndirmt aaqlas ftoa the I t .  Katui  study un, Alaska--1cont.I 



Tale 2. Ilrrlyw of strrandimt urplrr from the Ilt. Katul study u r r ,  Alamta--(emt,) 

]PI# Sb-ppm Sc-ppm Sn-ppr 9r-ppa V-ppm kppm Y-ppa In-ppa Zr-ppa Th-py 
I s I s 5 I I I I s 

100 
If0 
200 
150 
200 
100 
1% 
100 
200 
300 

200 
100 
1M 
is0 
Is0 
700 
500 
100 
200 
300 

100 
200 
130 
Is0 
150 
300 
200 
300 
150 
200 

100 
200 
150 
200 
200 
J00 
100 
200 
200 
is0 

100 
100 
150 
150 
150 
200 
100 
150 
1s 
150 

100 
300 
100 
200 
150 
100 
loo 
200 
100 
150 



Tdle 

Latitude 

58 17 27 
58 9 1 3  
58 4 s  
58 4 41 
58 442 
58 3 10 
3 1 2 s  
50 6 3  
% 445 
3 9 2 3  

SB 5 2 3  
JB 7 3 7  
3 11 39 
58 13 S l  
5858 9 
J8 93 40 
3 54 57 
58 54 l b  
50 53 51 
3 5 2  0 

58 91 42 
58 40 I 
50 4b 52 
J B S B  9 
58 39 17 
58 41 32 
58 44 2 
56 32 52 
58 31 22 
50 37 S3 

3 39 33 
50 39 44 
5842 4 
00 40 30 
511 42 1 
5840 5 
58 30 49 
58 30 51 
5838 S 
58 40 22 

3 40 22 
983830 
58 43 34 
58 44 n 
3 55 37 
30 31 50 
58 48 57 
JB 45 4s 
58 16 45 
58 29 20 

50 57 41 
50 56 23 
58 57 23 
5853 9 
59 3 3 4  
59 3 3 
19 2 8 
59 2 8 
59 Of3 
sa 57 15 

lmgi tudc 

1% s4 3'3 
1% 18 18 
1% 12 40 
1% 12 39 
1% 12 14 
156 4 5 0  
156 0 0 
1% 314 
1s 37 99 
1 S P S  4 

study area, 

119-ppl 
s 

w 
n 
w 
w 
I 
w 
W 
n 
w 
W 

W 
I 
W 
W 

(.5 
W 
H 
w 
W 
I 

N 
n 

(.S 
N 
II 
W 
W 
N 
N 
w 
N 
I 

( * S  

t 
( 0 5  

W 
t.5 

N 
(.5 

t.5 
W 
N 
W 
II 

( -5  w 
w 
II 
II 

N 
w 
N 

t.5 
N 
N 
W 
W 
H 
N 



Table 2. h a 1  y c n  of rtrauwrdiamt upler frm thr M. Katui study u r r ,  Illarkr--lcont. 1 



Table 2. h r l y s n  of rtreu-srdiwnt urples frm the Nt, Katui rtudy vrr, Alukr-(cmt, I 





Table 2. l l n a l y ~ ~  of rtr~rr-sedirmt ruplrn frw the Ilt. Krtui mtudy urr, Alaska--(cant.) 



Trblr 2. hrlym of sttru-rrdiwnt urglm~ frm the l t ,  Katui study ucr ,  Ma@ka--lc#lt.) 



lablr 2. hlym of rtreu-sdimmt wqlrs ftm the Ht. K a t u i  stdy u w ,  Alaska-(smt.1 

Latitude Lmqi tudr 



halym of rtrm-srdirmt rrql8r fror thr MI Katrai study area, Alaata--(cmt.) 

Cu-ppr La-ppr Ilo-ppr 
I I s 



Sb-ppr k-ppm Sn-ppa Sr-ppr V-ppr Y-ppa I-ppr Zn-ppr fr-ppr 
a B I a a B s s I 





Table 2. h r l y s n  of atrru-sdlrmt ulplrr frw thr Ht, Katrr i  study urn, Ilrrkr--(cant.) 

70 
loo 
50 
so 
50 
70 

zoo 
so 
20 

200 



Trblr 2. Analym of stream-srdiamt rarplrr frm the Nt. Katrri rtudy uer ,  Alaska--(cant,) 

7s 
BS 
BSD 
9s 
0s 
19 
2s 
3s 
IS 
5s 



Trblr 5. knalysn of b ~ a v  - r inr r l - tonrmtra t r  u r p l a s  frw the It. Kataai study uro ,  Alartr 
IN, fiat det~ted; (, detected but below b e  limit of detwminatim donj ), d e t n l r d  to be g r e a t a  than th value al 

Latitude Lmpi tude Hg-pct 0 

s 

1.00 
.SO 
1.SO 
.70 
.!io 
.so 
.so 
1.00 
1 moo 
2.00 

. 70 
1000 
1.50 
1.50 
3.00 
.70 
1.00 

.50 

.30 
3.00 

2.00 . 20 
2.00 
3.00 
2.00 
5.00 1.w 
5.00 
,07 
.LO 

3.00 
2.00 
2.00 
020 
3.00 
3.00 
5000 
2.00 
3.00 
07 

.10 
3.00 
2000 
so00 
5.00 
3.00 
1.50 
I.% 
3.00 
2.00 

3.00 
0 50 
.20 
2.00 
2.00 
2.00 
1.00 
3.00 
1.00 
s. 00 

N 20 
n loo 
n so 
N 20 
M 30 
W 50 
N 100 
N (20 
Y (20 
N JO 



Table 3. h a l y a r r  of heavy-rintrrl-concmtrate u ~ l m  frm the Nt, Kat#ri study area, Ilaskr--lcont,) 



Table 3, lhalys@s of heavy-dneral-concantrat8 umplc~ frw the Nt, K a t u i  study area, Alaska-- (cant. 

t002bc 
K0027C 
K002BC 
K0029C 
K0030C 
t0031C 
YOD3X 
KM3X 
KOOSSC 
K003XR1 

K003XR2 
K0036C 
K0037C 
K003BC 
K0039e 
UOolOe 
KOOllC 
K O a 4 X  
KW3C 
K0044C 

KOMX 
KOMXRl 
K004JeR2 
K004bC 
K0047C 
KOIUeC 
KOMX 
KOOSOC 
K0051C 
KOMX 

loo 



Table 3. halyrrs of heavy-nineral-tancmtrate sarplrs frm the Rt. K a t u i  study u w ,  Alarka--1cont.I 

rpl r L a t i  tudc Lmgi t u d ~  flq-pct. b-pct .  F r p c t  . Ti-pet. Iln-ppm Ag-ppn Is-ppr bu-ppr 8-ppn Ba-ppn 
s 5 s s s 5 s s s a 



KOOBXR2 
KOOBM: 
KW7C 
K008BC 
K o m  
K0090C 
KWlC 
KOMX 
KOWX 
K0094C 



Table 3, Anrlyses of heavy-r ineral - t#~mtrate sarpln from tha R, Katrr i  study u e r ,  Alarka--(c~nt,l 

r l ~  Sb-ppr Sc-ppr Sn-ppr Ik-ppm V-ppa Y-ppr F p p r  In-ppa ~r-ppa Th-ppr 
s s s s s 1 s P s I 





Table 3. Analyses of heavy-rimal-concentrate u r p l e s  f r w  the Ht. ,Katrsi study mrn, Illasha-(cant.) 



Table 3. Analyses of hcavy-mineral-cmcmtrate samples f ru the Ht. Katmai study u c r ,  Alaska--lcont,) 





Tlblr 3, llnalysn of heavy-ainrral-eoncmtrate ~ q l r n  from the Ilt. Katui study u e r ,  Alaska--(cont.l 

so (10 
N 200 
N (10 

70 N 
(50 N 

N I 
100 N 
(SO N 
30 N 

N Y 



table 3. Ihalyser of Mary-rinerrl-concmtrrtc urplrs f r ~  thr Ilt. Katmai study m a ,  Alaska--lcmt.) 



Table 3. hrlyres of heavy-ninrral-rone~trrt~ urples fror the M. Krtui study u r r ,  Alaska--(emit.) 

Sample 

KO21 3C 
KO214C 
KOZlX 
K02lbC 
K0217C 
KO2 17CO 
K0218C 
KO2 19C 
KOZZOC 
K0221C 

Lati tudr 

5 8 1 b  
1 2 0  
50 2 1 2  
50 2 2 3  
3 1 4 0  
58 I40 
3 1 3 1  
58 2 3 4  
5 8 1 6  
SB 0 2 s  

Lmqi tude 

15s 5 5 4  
1SS 33 26 
IS 33 27 
1% 32 59 
15s 30 95 
1 H  30 S!l 
153 30 M 
135% 2 
159 29 W 
1 s  229 6 



Table 3. Analyses of heavy-rinaal-concatrate ulplrs from the Ht, Katui rtudy w ~ a ,  Ilarka--(cant.) 

loo 
w 

t io  
100 
50 

(10 
(10 

204 
N 

100 
150 
50 
soa 
500 
200 
150 
300 



trblr 3. balysm af hravy-rincral-ronc~trate urples from the It. Kataai study un, Alnka-(cwt.1 



Tablr 3. Analyses of hravy-minwal-con~mtrate salpl~s fro# the nt. Katui rtudy rrer, Ilrrkr--(cant.) 

lplo Lat i  tudr Lmqi tude flq-pct . Ca-pct, F r p c t .  T i -pc t  . h - p p r  hg-ppr 4s-ppr Au-ppr 8-ppr Ik-ppr 
5 s s s s s s a s I 

300 
300 

1,500 
too 

1,000 
1,000 
1 

200 
1,000 

700 



Table 3, Ihalym of heavy-rinwal-ewmtratc maples frcl thc Nt. Katmai rtdy u e r ,  hlrskr--(eont.) 

KlOOX 
KlOOlC 
KlOOX 
KlOObC 
K1007C 
K1008C 
Kim 
KlOlOC 
K l O l l C  
KlOlX 

K101X 
K101U 
KlOlX 
KlOlbc  
KlOlbeD 
K1017C 
K l O l e c  
K1019C 
K102OC 
K1021C 



Table 3. halyres of heavy-rinrrl-concmtrrte umplea frm thl Mt, K a t u i  dudy area, Alaska--(cmt.) 

IX 
tsc 
nc 
m: 
lbe 
17C 
18C 
I9C 
roc 
IlC 





Table 3, hrlym of Mary-rincral-cmmtrrtr saqlcr frm tho ?Itl Krtui study u r r ,  Ilaska--(cart.) 



T a b l ~  3. Analysn of heavy-mi naral-conemtrrte urplmc frw the Ilt, K r t u i  study orar, Alaska--(eont. 1 

Sample 

KiMlC 
K1MX 
K l # E  
KlWlC 
KlMX 
K1019C 
K 1 m  
KlOSlC 
KIOSX 
K l M X  

K I OS4C 
KIOJSC 
KlMbC 
K 1057C 
K10W 
Klm 
KlOS9CD 
K l o w  
KlOblC 
KlObX 

KlObX 
KlOb4C 
KlObX 
KlObbC 
K1067C 
KlW 
KlObOC 
K1070C 
K1072C 
K1073C 

K1074C 
K1076e 
K1078C 
K1079C 
KlWIOC 
KlMlC 
K2001C 
KZoOX 
KZOOX 
K2001C 

K2OOgE 
K2011C 
K20lX 
K2OlX 
K2014C 
K201bc 
KlOl7C 
K2018e 
m20C 
120221: 

)2,ooO 
12,000 
)2 , 000 
)2,000 
)2*000 
)2,ooo 
)2,000 
12,000 
)2,000 
)2,ooo 

>2,ooo 
)2,ooo 
)2,000 
)2,000 
)2,000 
)2,000 
)2,000 
)2,000 
)2,ooo 
12, boo 

)2,oOO 
12,000 
)2,000 
)2,oOo 
>2,m 
)2*000 
)2,000 
>2,000 
)2,000 
)2,ooo 

)2,oOo 
)2,000 
)2,000 
)2,ooo 
)2,000 
)2,000 
)2,W 
12,000 
)2,000 
)2,000 



Table 3. krrlysw of hnvy-mineral-concentrate samples fror the Ilt. K a t u i  stdy area, Illrrka--lc#rt.l 

r p l ~  Latitude Lan(itud@ 119-pct. Ca-pct. Fm-pct. Ti-pet. k-ppa h-ppm As-ppr nu-ppa k p p r  Ik-ppr 
I I s s I I n I n s 

.so . 70 . 70 

.20 
e 70 
.20 
.a 
.20 
.so 
"SO 



Table 3, Ilnrlysea of heavy-rinaal-concentrate uqler  fror the I t .  Katui study u e r ,  Alaska--(eat.) 



Table 3, Calyaes of Inavy- r iwd-concmtrr te  maples f r ~  the Ilt, Katmai study u a a ,  Rlaskr--(cmt.) 

~ l e  

IC 
ID 
iC 
iC 
'C 
1C 
H: 
W: 
ICP 
1C 

E 
lC 
U: 
#: 
re 
K 
IC 
I[: 
I[: 

E 
U: 
re 
3c 
IC 
lc 
IC 
ZC 
IC 
U: 

R 
E 
H: 
K 
I C 
H: 
II: 
U: 
K 
bc 

LCD 
IC 
1C 
?c 
H: 
It 
ze 
SC 
It 
bc 

1 c 
K 
rc 
It 
ICP 
ZC 
lC 
l C  
E 
5C 





Table 3, Ilnalyses of hrrvy-mineral-cancantrate ~lplrs frw the Nt. Katui study u r r ,  Alrrkr-(cmt.1 

300 
(SO 
50 
100 
so 
100 
(SO 
(SO 
100 
200 

(50 
(50 
(SO 
700 
(SO 
100 
(SO 
1 so 
100 
(50 

(50 
130 

w 
(50 

N 
(SO 

N 

I 



Table 3, halysrr of heavrminarsl-concmtrrte rupln froa the M. Katwi rtudy rrrr, Ilrskr-(cant.) 

-1 e Sb-ppm &-)pa Sn-ppr Ik-ppm V-ppr Y-ppr Y-ppr Zn-ppr lr-ppr TI 
1 s I s 5 s I s I 



Table S. llnalysrr of heavy-dmr *al-conemtratt uqlas frw th study u r r ,  Illrrkr-(cat.) 

Lmgj tudr 



Table 3, llnrlyres of heavy-rinrral-concmtrrtr uqles fro& the Rt. Katui study area, Alaska--(cant.) 

Slmplr L-PP~ Bi-pph ~ - P P ~  co-ppm Cr-pya tu-ppr La-ppa Ilo-ppr Ilb-ppr Yqpr P 
s s 8 s a 8 I I I I 

(2 I I (10 20 1s SO Y w I 
(2 I Y (10 to 

(10 : .  I n I 
(2 w I (10 (20 Y n w 
(2 n I (10 (20 10 50 w H M 
(2 n I( (10 58 1s I I W w 
(2 w W (10 (20 (10 so W I I 
( 2 I W (10 (20 10 (SO I I ( 10 
(2 w I (10 (20 100 (SO I n N 
(2 I II (10 20 15 I I I I 
(2 w I 200 st 500 I 500 I 1% 





Tabla 3. Clnalywr of heavy-rinrrl-conrmtrrte *In frm the R. Krtui study u e r ,  Alrskr-(cat.) 

Longitude 

154 36 27 
IS4 34 26 
1W 34 24 
lS4 34 24 
154 29 39 
155 32 40 
1SS 29 20 
155 28 30 
155 28 30 
159 47 0 



Tabla 3. llnalyats of heavy-rinwrl-concntrrtr ulplrs f r ~  the Nt, Krtui study we&, Alrrkr- lcrt . )  

e h-ppn Bi-ppm Cd-ppr Ca-ypr k-ppm CP-ppr La-ppr Ilo-ppr Wb-ppr li-ppm POlppr 
s s I 1 s s s % s s 8 

17CD 
H#: 
19C 
IlC 
IX 





Table 3. lhalywr of berry-mineral-cancmtrate uqles frm the R t .  trtui study vea, Alaska--(cat.) 

plr latitude Lmji tud* 



Table 3. Analyses of hrrvy-rimrrl-cmmtrrtc uqles fror th Ht. Krtui rtudy u e r ,  Alrrkr-lcmt.) 

Sol 



Trblr 3. lkalysas of heavy-rimrrl-concentrate urpleo fror the Ht. Katui rtudy uer, Alaska- 

lloc 
Dm 
nic 
D2X 
I23C 
D24t 
me 
D2bC 
b27C 
D28C 



Table 3. h a l y r e s  of hervycrinwal-roncmtrate umpltr fror tk Ilt. K a t u i  study urn, Illark&--(cant.) 

Lat i  t u l e  Lmqi tude flq-prt, ca-pct. Fr-pct . Ti-pct. ftn-ppr Aq-ppr 61-ppr nu-ppr B-ppr 1 
s s 5 n a 5 5 s 5 

58 55 12 
58 S0 13 
5858  2 sea o 
58 43 3 
58 43 34 
5846 8 
5846  8 
58 48 42 
58 50 45 



Table 3. Analysn of Inavy-mineral-rwmtratc urpler frm the it. Katari study area, Alaska--(tort.) 

(3 
so 

(SO 
(M 
50 

(50 



Table 3. Ilnalyses of heavy-rinerrl-cmemtrrtr urplrr frpr the lit, Katu i  study rrrr, Llaskr-(cmt.1 



Tablr 3. ha lys l r  of heny-rinaal-concmtrrta sarplrs f r w  the Ilt. Katui rtudy area, Alaaka--(cant.) 

yle Latitude Lwpi tude I@-pct o k - p c t  . Fl-pct . Ti-pct . Nn-ppm b ~ p a  k-ppr Au-ppm Bypr Bp-ppr 
s 0 a s L 5 s -  a I I 

)2.00 
"SO 

1.50 
)2.00 

.20 
1.00 
.so 
.70 

)2.00 
)2.00 



Sample k-pya Bi-ppr Cd-pp to-ppr k-ppr Cu-ppm La-ppa k p p r  Ik-ppr Wi-ppr P 
I 8 I s s I s s s s 



Table 5. halyres of heny-ainrrrl-cmmtrrtr rarpl@s frw the Nt. Katmi ~ t u d y  rrrr, Alaska--tcmt.) 

IC 
Be 
!c 
IC 
ICD 
X 
I C  
X 
DC 



Tablr 3. h a l y m  of heavy-ainrrrlso~cmtrate v l r s  from the Ilt. L a t ~ i  study w e r ,  Alwka-(tont.) 

Supla Latitude Lantitude Mq-prt. k - p e t .  Fe-pct. Ti-pct. Iln-ppr Ap-ppm As-ppr Ru-ppm 8-ppr D 
a s I I s s I s s 



Table 3. I l n a l y m  of haavy-rinwrl-concmtratc uqln frm thm Ilt, Katui  rtudy w a r ,  Alaska-(cant,) 

20 100 
200 I 
500 (50 
10 loo 

( 10 W 
I5 H 

500 II 
20 II 



Table 3, Analyses of haavy-mimrrl-ewmtrate sampler frm the Rt,  Katui study uca,  blrakr--1cmt.I 

so0 
150 
500 
500 
200 
150 
206 
loo 
300 
300 

N 100 
W 200 
n 100 
N 100 
W 50 
N zoo 
1 500 
N 500 

100 1,000 
so0 300 





Tablr 3. lhalyser of harvy-rimal-concmtrrtr sampler frw tlrr M. K a t u i  rtudy wma, Alaska--leont.) 



Table 3. Analyun af hrrry-rinurl-concmtrrtr wplra frm the At. Katr~f ~ t u d y  we&, Alaska-lront.1 



Table 3. halyres of heavy-rinrral-concmtrltr wpler frm the At. Katui rtudy u r r ,  Aluh--lcmt.l 

Lonqi tude 

1s 55 $0 
153 47 10 
154 5 0 
153 57 26 
153 SO 53 
153 50 53 
153 51 29 
153 51 24 
153 58 38 
153 45 Xi 

Frpct.  
5 

2.0 
10.0 
2.0 
2.0 
5.0 
7.0 
5.0 
1.0 
3.0 
2*0 



trblr 3. llnrlysn of harry-mineral-cmmtrltc sdrpln frar ths Ilt. Katui rtudy r e r ,  Alaska-lcmt.) 

K 
i9C 
IOC 
1lC 
1ZC 
IXD 
IX 
IN 
IX 
IbC 

50 
Y 
N 
N 
N 

(SO 
R 
N 
N 
n 

150 
N 
N 
w 
N 
W 
W 
I 
N 
w 

10 100 N 
30 N N 
10 so w 
10 200 N 
10 200 w 
20 ioo W 
20 Y 10 
SO 300 N 
20 I N 
30 (SO W 

w 
50 
so 

w 
(SO 
50 

100 
50 

(50 
(50 

N N 
I n 
W N 
I N 
N N 

30 (SO 
100 N 

w Y 
W I 



Tabla 3. hrlysrr of heavy-riwal-roncmtrltl rrrplea frua the Ht. Katui atudy area, Illrakr--(cmt.) 



Talc 3. Ilnalyln of hravy-rimrrl-c#~~rntrrtl uqle s  frm the Nt. Katui ~tudy  un, Alaska--(cmt.) 

ple Latitude Longitude 1(9-yct. Ca-pct. Fe-pct. Ti-pct. h-ppr Ap-ppm kr-ppm 4u-pppm B-ppr Ik-ppm 
I I I I I 8 s 1 I s 

Be 
se 
DC 
OCD 
lC 
X 
u 
X 
bc 
7C 

BC 
PC 
Dc 
ic 
X 
3C 
SC 
be 
7C 
0c 

313 
I C  
7C 
Be 
BCD 
PC 
DC 



fablr 3. hrlyser of hrvy-rirmal-commtrrtl uqln fror tha M, btul study wrr, Ilnb-(emt.1 
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Tablc 3. lhalysrs of lmavy-rinurlroncmtrrta uvles frm the llt. Krtui ~ t u d y  wear A111ka--(cant.) 
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Table 3. Analyses of hervy-mtwral-concmtrrtr urpln f r o r  the M. btui study uaa, Illarkr-(cmt.1 

Latitude Longitude Hg-pct . Ca-pct. F r p c t  . Ti-pct . fh-ppr M-ppr As-ppr nu-ppr B-ppr I 
a 1 a # s s 1 s s 



T I  3. Ikalyw of harvy-riwrd-cmcmtrrtr urples frw tbe ?It, Krtui sttidy u w ,  hlrrltr--lent,) 

Qlm k-ppr Bi-ppr Cd-ppm Co-ppr k-ppa Cu-ppr La-ppr 40-ppa tm-ppr Ii-ppr 
I a a s s s s a P a 




