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STUDIES RELATED TO AMRAP 

The U.S .  Geological Survey, is required by the Alaska 
National Intereets Lands Conservation Act (Public Law 96-487, 
1980), to survey certain Federal lands to determine their mineral 
values. Results from the Alaska Mineral Resource Assessment 
Program (AMRAP) must be made available to the public and be 
submitted to the President and Congress. This report is one in a 
aeries of publications that presents geochemical and 
mineralogical data determined during the mineral assessment study 
of the Bristol Bay, Ugashik, and western Karluk quadrangles, 
Alaska. The analytical results of aqua-regla leachate studies 
for the &ream sediments collected during the study are presented 
in this report. 

INTRODUCTION 

A reconnaissance exploration geochemical study was 
undertaken by the U.S. Geological Survey during the 1979 and 1980 
field seasons in the Bristol Bay, Ugashik, and western Karluk 
quadrangles, Alaska Peninsula. This area will be referred to in 
this report as the Ugashkk-Karluk study area (fig. 1). Very few 
roads e x i s t  throughout the quadrangle8 and access to much of the 
area is limited to travel by air, boat, or foot. 

The topographic relief in the study area is dominated by the 
large stratovolcanoes. Elevations exceed 2000 m (6000 ft) at Mt. 
Chiginagak. The relief is rugged and mountainous terrain with 
youthful stream drainages. Interstream uplands, underlain by 
extensive ground moraines, are covered by fields of grasses and 
low shrubs and have narrow, deeply incised drainages. Large 
glacial lakes preserved in the area were farmed by the retreat of 
the glaciers from the terminal  moraine^ (Detterman and others, 
19833. The climate is very wet; rainfall exceeds 200 in. per 
year. 

GENERAL GEOLOGY 

The Alaska Peninsula marks the transition zone between the 
volcanic island arc of the Aleutians and the continental magmatic 
arc of southern Alaska. At least two-thirds of the study area is 
covered either by Quaternary alluvial and glacial depoeits or by 
Quaternary cones, flows and large volcanic centers (Detterman and 
others, 1983). At the northern end of the study area, the Bruin 
Bay fault was intermittently active from Late Jurassic time to 
Middle Tertfary time (Detterman and others, 1983). This fault 
separates the two phy~iographic provinces at the northern end of 
the study area. The Pacific Ocean side of the study area is 
predominately underlain by Jurassic, Cretaceous, and Tertiary 
marina and nonmarine clastic sedimentary rocks that are, in 
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places, intruded by, or covered by, Tertiary diorite and quartz 
d i a r i t e  and associated e x t r u s i v e  equivalents ( D e t t e r m a x l  and 
o t h e r s ,  1983). The B r i s t o l  Bay s i d e  a% the  study area, which is 
a part of the Nushagak--Briutol Bay Lowland (Wahraftig, 1965), is 
composed dominantly of unconsalidated Quaternary alluvium and 
glacial  deposits.  However small areas of late Tertiary and 
Qua ternary volcanic rocks are present (De ' t te rman,  and wtherc, 
1983). 

METHODS OF STUDY 

Sample Media 

Geochemical results presented in this report are from stream 
sediment samples chat were collcctcd from active channels of  
perennial first-ordcr ( ~ n b r a n c h e d )  streams and second-order 
(below the junction bf t w o  first-order) streams, as determined 
from tapographic aapa :scala 1:63,360). The area of %he drainage 
basins ranged f r o m  5 to 1G km2- Areas covered by glacial 
xiaterials were not sampled, Both a heavy-mineral panned 
concentrate and n stream-sediment sample were collected from as 
many sitcs as pos~jible However, the results presented in t h i s  
paper are only  thoec of t h e  stream sediments. The 586 sample 
localities are s h o ~ n  on pla te  1. Samples from the Bristol Bay 
quadrangle (west of 1580W) are indicated by the suffix BE, 
samples from the  Rarluk quadrangle (cast of 156oW) are indicated 
by the suffix KA, and the samples from t h e  Ugashik quadrangle 
(between 156oW and 158nW) are indicated by t h e  s u f f i x  UG. 

Sample Collection 

The stream s e d i n c n t  samples collected in the  Ugashik study 
area (Detra and others, 1981) were used in this ctudy. The 
samples were wet-sieved on r i t e  to minus 2 . 0  mm (10-mesh)  u s i n g  a 
stainless steel sieve and a 14-inch gold pan. Composite samples 
within individual streams were collected whenever possible. At 
all sites, a representative portion of the sediment waG taken 
directly from the gold pan and saved as the stream s e d i m e n t  
nample. The samples were oven-dried in t h e  f i e l d  and then 
shipped to the laboratory for analysis. 

Sample Preparation 

In the laboratory, the stream sediment samples were sieved 
using an 80-mesh (0.1'7 mm) stainless steel sieve. T h e  portion of 
the sediment that  passed through the  sieve was saved.  This 
minus "80-mesh sediment wan then ground to approximatzly minur- 
150-mesh and used for chemical analysis. 
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P r e y  ious s t u i i  i.l:.:: r , f  5: t,r.r:an-setlixen t; .! .tachates -::la.: y-zzti by 
TCI? !lave shown !;hat t .h2 . iqun -.:?r:it-l, leach ;?rocc.dure [.::in be 
eEfcr:t.ively t;tppIi.ftd ia i-egicna I. r~eochcmi.cal expl .ornt i.:~n. 
Rep1 icabe a n a l y s i s  -:>f t:eochemica.l. exp lo r s t ioa  ::tnnr3ards { O S G S ,  
GXR :;er.iss; A l t c i ~ t ~ t  ;ind !.akin, 197.1) u s i n g  ICP ans1.ysis of aqua- 
rcgi2 leacha t;es h a s  i rldic:a zed a n  nnalyti.c:a 1 precisj 0 1 1  <>I' 
appruxirnate.ly 1,0 percentlChurch and o t h e r s ,  1983). T h e y  :?.Lso 
demonstrated that; :*ecaveries for t h e  ore-related m e L : . ~ . l s  are 
greater than 85 p e r c e n t .  Church (19783 evaluated d i f  fersnt  
d i g e ~ t i o n   procedure^ far :.:se in exploratinn gcochr;mi:;t;ry and 
showed >hat  the aqua- rcg ia  teach w a s  t h e  aost effective in 
rele:~six~g rce ta l~  :~ound 111 many nonsilicate p h a s e s .  P r ~ r t h e r  
::i;udics. I C b u r c i l  and ~ t h e r s ,  1987) demonrit.srit,rsd %hot, r,hc ;?iq,un-. 
regis leaoh tec11niq:le r e ~ t l l t e d  in almost c : c m p l r . s ~ e .  i'er:c>very o f  
elemects bound in l;!:c i iydrnrnorphic oxide - ; ~ ? l a u e u .  They also 
demonstrated ?;?lnt. f;he . ippl  i c ;~  t ion of t h e  irgua- rer~i a I w c h  
procc:dure ~ - e s u l t t ? d  i n  high rrecoveri es { g e c s ~ a l l y  ~:reatc?r than 90 
p e r c e n t )  of m e t . ?  ls bound in many carbun3 te, s u i f i i l e ,  ,rnd 
crystalline i-ron- and mangi~neoe-oxide mine ra l s .  These 
observat ions were verified by s t u d i e s  u f  hand-picked a i n e r a l  
separates (puri ty  :~encrnlly 30 -99  percent). 1.n contrzsr;, f;he 
effect  of I .uauhing rock samples ?;hat, c o n t a i n  Itlrgely i ; i . l i ~a t e  
phaees ( ztandard s i l i c : ~ t e  rocks were used]  l ~ ~ d i c a t c  ?.?lac much 
lower t o t a l  c o n c c n t r ~ t . i ~ . ~ r l e  of t r a n s i t i o n  met.:. 1s ~ e r t :  r+kit:ased 
.-?ram t;he r: ilica t , t .  ptiases . 'The aqua- rer:i a leach ~)rlr>cc?cliu re can 
I;hercfore he ~ l ~ e c i  i;r> t + r ? h i ~ ~ ~ r : t .  khe cran t ~ s s t  butaee. minera l i z r ~ t i  on 
and l i tl!o.li:gi~ l lackgraund in regional i;cc.cfiimlcal. expll.r.ra tlon 
~ t t i d i e s  f Church ;3nd c3 the rn  , 1983 ; ,138'7 j . 



ROCK ANALYSIS STORAGE SYSTEM 

These ana ly t i ca l  r e s u l t s  were entered i c t o  a computer-based 
f i l e  callud Rock Analysia Storage S y s t e m  I R A S S 3 .  ?h i s  data base 
contains both doscr ip t ivc  geological inf  arma tifin and the 
analytical data. Any ur all of t h i s  information :nay be retrieved 
and converted ta a binary Eorm (STATPAC) for computsrized 
s t a t i s t i ca l  analysis or publication (YanTrump and Miesch, 1977) .  
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?'at~l*3 L . M i n i m a m  tie.terainat,e va l u e u  and r--.cc~mmer:iit:ci t.7) i u e s  
of N for aq132;t -reg j n leach3 t,s: ria L a  f r o m  minu:; - (30- wssh 
s t r e a m  ::cd iments ?rnm the IJgashik-Rar Litk :i t:;ldy area, 
A l a s k a  

[a l l .  cnnuerit,ra tic25 in part:: per a i l l i v n ,  no v-rtluets ] 

Minimum Recommer:bed No. O E  samp1c:s 
E l  emen t D e ~ ; e r a i n : ~ t e  val i le  o f  N having a higher 

Valut? ( n u .  01 N ~ ~ l u ( : ~ j  ~ a l u e  fo r  fa 



Table 2 ,  Qua-regia ieachate data fo r  rinus-GO-mesh s t r e a l  sediments from the Ugashik-Xarlbk s tody  area ,  Alaska 
[H, not detected; c ,  detected b u t  below the !h i t  of de terc inat ion  shown,] 

Sample Lati tude i o n g i  tude ICP-Ma ; c p - ~  iCP-tilg ICP-Ca 

i ,  790 
1,500 
! ,030 
1, boo 
: , aoo 
5,700 
5,700 
b ,  200 
8,500 
a ,  coo 



iabie  2. ;.:ua-regid : e m a t e  d a t a  f c r  winus-60-mesh streae sediments f ror the bgashik-Karluk itudv area, Alaska--cuntinueu 

Siwpie !C?-Li ICP-0 iCP-Be ICP-Sr IZF-Pa !CP-La !C?-Ce i i P - Y  ICP-Zr iZF-Nb ICP-fln ICP-V  

1,5 
3 5 

2.1 
.?5  

I , !  
1,5 
2 . 5  
4 . 8  
4 . 7  
1,4 
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rable 2 .  kqua-regia !eacnate data  for  inu us-BO-mesh itream sediaenrs from the Ugashik-Karluk study are?, blaska--ccntinued 

Sdmple Latitcde Longitude :CP-Na ICP-K ICP-fg iCP-Ca ICP-Fe !ZP-A! iCP-Ti IGP-P 

5,90C 
4,700 
:,loo 
5,j00 
3,200 
8,400 
4,600 
3,500 
2,100 
5,900 

6,400 
b ,  000 
5,000 
4 , 100 
4,100 
4,200 
5,800 
5,900 
6,900 
5,000 

4,700 
4,000 
3,500 
2,900 
5,800 
6, BOO 
5,200 
5,400 
4,300 
3,200 

2,000 
1,400 
?,9flo 
3,600 
4,800 
5,300 
4,200 
2,600 
4,000 
3,100 

12 



T a b l e  2 ,  Aqua-regia leachate data for minus-80-mesh stream sedinents i roa  the UgasRih-Karluk study area, Alaska--ccntinued 



T:hle 2 .  Aqua-regla learnaie data f o r  ainus-$<-npsi stream sediments from the Ugashlk-Karluk stud7( ?.?a,  d l a ~ k d - - c ~ n t ; ~ u t d  

Sample IZP-Cr ICP-Co ICP-N! ICP-Cu ICP-Zn ICP-Pb IZP-kg IZF-Wg ICP-Sn ICP-As ICP-Bi 



'able 2 ,  Aqua-regia leachate data for minus-80-mesh stream sediments f ron the Ugashib-Karlck study area,  k!;;ka--ccntinued 

Samplf Latitude Longitude ICP-Na !C?-K :CP- lg ICP-Ca ICP-Fe :CF-Ai I CP-Ti !CP-P 

<Ail2 
k.141 1: 
!!A114 
YFIl!S 
M!l6 
KA117 
LA118 
MI19 
liC1120 
KC1121 

Kb122 
, liAl23 
' qki2a 
ti4125 
.W4176 
KA127 

1 1(~12a 
1 KAl?? 
lr!413? 
rAi:l 

[hi:: 
KA15; 
KA11.4 
Kk135 
KA136 
KA137 
KA13 
#R1?9 
U6001 
UG002 

UG003 
UG004 
U6005 
UG036 
16007 
U6008 
UG009 
UGO 10 
iiG011 
1'60 12 

1 UG913 
: UG014 
U6015 
UG015 
$317 
06018 
UG019 
06020 
U6021 
NO22 

llG023 
Li6024 
U6025 
96026 
11613i7 
iiG020 
96029 
UGOJCi 
Y5031 
UG032 



Tablf 2. Iqaa-:egis leachate data for ninas-80-mesh strear sedi~enrs from the Ugashik-Karluk st?riy area, Alaska--continued 

ICP-Li !CP-B IZF-Be ICP-Sr I,, ?>-Fa ICP-La ICP-Ce ICF-Y ;CP-Zr ICP-Nb it?-fin ICP-V 



Table 2. Aqua-regia ieachate da ta  for minus-80-mesh stream sediments from t b e  Ugashik-Karlok study a rea ,  Alaska--cmtinued 





T a ~ l e  2 .  &qua-:zgla leachate data for nlnus-B0-9esh streaa sedinents  from the Ugasnlk-Karltik s t u d y  area ,  Alaska--continued 

Ssrple ICP-Li  ICP-B ICP-Be ICP-Sr ICP-Ba ICP-la ICP-Ce ICP-Y ICF-Zr ICP-Nb ICP-Hn ICP-V 
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Tible 2 .  $%a-regid leachate data f o r  #:nus-80-eesh streae sediments from the  Ugasnifi-Karlck study a rea ,  Alaska--cgntinued 

Sacpie "P-Li I u ICP-0 iCP-Be ICP-Sr ICP-Ea ICF-La ICP-Ce IZP-Y !fP-Zr IZP-Nb IZF-In I tP-V 
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Tihie i. &qua-recia ieachate data for m~nus-80-aesn stream sediments f w e  the  Ugashlk-Earluk study area,  diaska--continued 

Latitude 

:7 25 38 
57 26 23 
:7 24 11 
57 23 2 
57 25 12 
57 23 1; 
57 21 b 
57 20 51 
57 21 24 
57 22 P 

Longitude 

i56 37 26 
156 40 5b 
156 36 25 
156 34 46 
L56 42 19 
!5b 34 38 
156 37 b 
156 37 21 
156 38 10 
156 42 29 

I CP-K 

630 
570 
430 
610 
860 
520 
400 
3b0 
550 

1,400 

i CP- 

7BG 
600 
360 
490 
880 
440 
410 
530 
280 
360 

i CP-P 

230 
400 
190 
270 
190 
220 
270 
220 
170 
290 



Tab le  2 .  ipua-regia ieachate data for minos-80-resh stream sediments from the Ugashik-Kariuk study area, Blas#a--continued 



Tible 2 ;  Aqua-regia leachate data for  minus-00-mesh stream sediments f ro3 the 2gashik-Karluk study area. Alaska--continued 



i a b l e  5 ,  Aqua-regia :eathate da ta  f o r  winus-80-aesh stream sedioents f ron t h e  Ugasnik-Karlok study area, Alaska--con tinued 

Longitude 

156 49 1 
154 47 49 
156 46 2 i  
156 44 31 
156 43 31 
156 41 14 
15640 1 
156 39 27 
156 39 51 
i5b 40 59 

ICP-P 

370 
330 
310 
300 
240 
260 
200 

(170 
420 
150 
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Table 2 ,  Aqua-regia leachate data for minus-80-mesh strear sediments from the Ugashik-Karluk study area, kiaska--cantinued- 

~ a p l e  !CP-Li ICP-B ICP-Be ICP-Sr ICP-Ba iCP-La ICP-Ce ICP-Y ! CP-Zr ICP-Nb ICP-Hn ICP-V 





Table 2 .  

Sample 

16339 
UG34G 
ii6341 
5342 
jgj45 
ti6344 
bG345 
G534c. 
i16347 
15348 

36319 
UG350 
UG351 
U6352 
36353 
~6354 
IN6355 
ti6356 
L16357 
U6358 

i16f 54r 
liGJb0 
~6361 
16362 
U6363 
116364 
U6366 
U6367 
U6368 
U6369 

U6370 
UG371 
US372 
UG373 
U6374 
U6375 
UG376 
U6377 
t'G37B 
UG379 

i 36380 
UE381 
ilGSB? 
U6383 
U6384 
iJ6385 
ir'G386 
UG387 
U6388 
U6389 

US390 
16391 
U6392 
UG393 
U6394 
U6395 
U6396 
U6397 
56598 
1:6399 

Iqua-regia 

latitude 

5? 34 59 
$7 Z t  21 
57 27 10 
57 28 44 
57 29 37 
57 29 51 
57 28 38 
57 29 E 

29 25 
57 30 55 

57 31 : 
57 31 9 
57 30 4 
97 28 29 
57 15 56 
57 26 2 
57 22 f b  
57 21 38 
* .. 2; 21 ;o 
57 21 3: 

57 20 2 
57 19 5 
57 18 42 
57 17 4; 
57 14 21 
57 14 57 
:7 17 7 
57 17 11 
57 17 46 
57 ! i  36 

57 17 14 
57 16 22 
57 15 25 
57 14 53 
57 13 37 
57 13 29 
'17 13 0 
57 11 5b 
57 10 25 
57 10 40 

37 10 44 
57 F 48 
57 8 47 
57 3 45 
57 2 56 
57 1 18 
57 2 47 
57 4 58 
57 5 23 
57 b 55 

57 7 30 
57 i 20 
57 8 32 
57 e 34 
57 8 55 
57 7 44 
57 7 !1 
57 5 51 
57 C 10 
57 0 17 

leachate data f o r  minus-60-tcsh streae 

Longiktide ICP-Na ICF-K 

'PI the Ugashj 

ICP-Ca 

8,000 
1,803 
1,800 
1,200 
1,500 
2,4110 
5,000 
2,400 
5,5GU 
ll,C.OO 

6,200 
5,500 
9,400 
1,800 
5,390 
5, 600 
5,200 
5,500 
5,XQ 
9,500 

a ,  300 
5,400 
8,000 
6,000 
2,600 
3,300 
2,400 
2,000 
0,200 
13,000 

1,909 
1,400 
4,100 
6,100 
1,800 
1,600 
1,400 
1,900 
2,000 
1,900 

2,000 
1,500 
990 
760 

1,100 
880 

2,000 
1,000 
1,700 
3,500 

1, 600 
' 000 
300 

2,600 
1,500 
2,100 
: ,400 
2,009 
4,600 
2,300 

~tudv area, 

I CP-d 1 

15,000 
4,700 
20,000 
13,000 
12,000 
1!,000 
12;OOO 
!U,000 
11,00? 
18,000 

!5,000 
12,000 
17,OCO 
3,200 
11,000 
!1,000 
12,000 
12,000 
12,300 
16,000 

12,030 
14,000 
1b;ooo 
14,000 
6,200 
4!600 
7,900 
9,100 
16,000 
24,000 

9,200 
7,600 
8,300 
15,000 
4,700 
&,ZOO 
i0,009 
19,000 
12,003 
23, !I90 

9,800 
19,000 
7,700 
7,100 
14,000 
12,000 
14,000 
4,800 
12,000 
lb,000 

4,100 
8,400 
6,200 
5 ,  b00 
3,600 
2,700 
7,900 
7,700 
:1,0?0 
7,100 

Alaska--con tinued 

ICP-Ti ICP-P 

650 470 



Table 2 .  Pqua-regia ieachate d z t a  f o r  ~~nus-00-mesh streaa sediments f ron the Vgachik-Karluk study arfa, Aiaska--ccntinued 

I CP-'I 

i 10 
75 
54 
47 
56 
4 7 
a7 
44 
50 
50 

6.1 
6.6 
4 . 7  
4.5 
b.!  
6.6 
4.b  
5 , 9  
5.1 
4 . b  



Tabie 2. Aqua-r~gia l eachate  d a t a  for ainus-90-mesh stream 5~dimenis  fro^ the Ugashik-Karlu? rtudy area, 8la;ka--ccntinzed. 

iampie 

!6359 
is'j4q 
93341 
iG342 
16343 
3344 
is345 
is346 
I6347 
16349 



':5ie 2 .  5qua-regia i:achate data f:r ginus-aO-ue5h st:eaa sedieents fron thc $hi#-Kar luk  study araa, Alaska--continued 

Saaple Latitude Longitude I CP-Na ICP-K ICP-!I9 I CP-Ca ICP-Fe ICF-61 IGF-Ti IZF-P 

: ,800 
470 

1,700 
5,200 

460 
960 
910 

2 ,  aoo 
2,400 
1,100 



Table 2. \qua-reqla l~acnate data f c r  minus-80-mesh stream seo~ments f roe the Ugashlk-Karluk s tudv aroa, Alsska--:@ntinced 

3.5  
2 , 9  
2 . 4  
4 
. i9 

2 , 7  
4 . 2  
3 . 7  
i.! 
H 



i a 2 i e  I. qgca-reg-3 leachare data far  ~i~nus-60-mesr1 stream sediments from the Ugas$lk-Kariuk srudy araa ,  Aiaska--continued 


