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INTRODUCTION 

Major z inc ,  lead and ba r i t e  mineral izat ion has been discovered 
a t  Red Dog and Drenchwater Creeks in the DeLong Mountains o f  n o r t h -  
western Alaska.  The hos t  rocks for the mineral occurrences are 
carbonates, cherts ,  shales,  and dac i t i c  volcanic rocks of the 
E4ississippian Lisburne Group. The host rocks a re  deformed i n  a narrow 
b e l t  of imbricate t h r u s t  sheets tha t  extend from the  Canadian border 
t o  the Chikchi Sea. The rocks s t r i k e  generally east-west  and d i p  t o  
the south. 

The s u l f i d e  minerals occur as s t rat i  form mineral izat ion para1 1 el 
t o  bedding planes,  as breccia f i l l i n g s  and vein replacements, and as 
disseminations in the various host  rocks. The primary ore minerals 
are sphaler i te ,  pyrite, pyrrhotite,  and galena. Barite occurs as 
massive beds up t o  90 meters (300 f e e t )  t h i c k  a t  Red Dog Creek and 
as nodules, veinlets ,  and disseminations a t  Drenchwater Creek. 

Close spaced so i l  sarnpl i n g ,  mercury vapor sarnpl ing , and magnetic 
and radiometric surveys were conducted over the areas o f  exposed 
su l f ide  mineral ization t o  t e s t  the response of these techniques t o  
these types o f  deposits in northern Alaska, There i s  potenital for 
additional deposits of this type i n  the Lisburne Group of the e n t i r e  
northern Brooks Range. These techniques prov ide  a rapid l o w  cos t  
method for  the  discovery and preliminary evaluation of these types of 
mineral occurrences i n  northern A1 as  ka. 



OBJECTIVES 

The objectives o f  the geophysical and geochemical investigations 
of the Red Dog and Orenchwqter Creek mineral occurrences can be 
summarized as follows: 

1. To determine the ex is tence and extent o f  soil 
geochemical halos around the known massive sul f ide 
mineral occurrences. 

2. To determine the existence and ex ten t  of mercury 
vapor  geochemical halos around the known s u l f i d e  
mineral occurrences v i a  a f i e ld  portable mercury 
spectrograph. 

3. To determine the rad iomet r i c  signature o f  known 
and p o s s i b l e  v o l c a n i c  rocks associated w i t h  the 
known massive sulfides. 

4. To determine the magnetic signature of the known 
massive sulf ide bodies. 



GENERAL GEOLOGY OF THE RED DOG CREEK AND DRENCHWATER CREEK - 
MINERAL OCCURRENCES 

RED DOG CREEK MINERAL OCCURRENCE 

Location and Previous Investigations 

The Red Dog Creek mineral occurrence is  loca ted  in Sections 20 
and 29, T31N, R18W, Kateel River  Meridian. The area is i n  t he  
DeLong Mountains quadrangle (Fig. I ) .  The area i s  w i t h i n  the 
DeLong Mountains wh jch  form the western end o f  the Brooks Range 
and i s  included in the proposed Noatak National Arctic Range as 
described by the Bureau of Land Management map e n t i t l e d ,  "Alaska", 
dated 1974. 

The mineral occurrence was f i r s t  described by T a i  l l u e r  (1970). 
The general geology of an area o f  approximately 30 square kilometers 
(12 square miles) surrounding the occurrence was mapped by Plahuta 
(1978) on a scale  of 1:12,000. The r o c k  units  i n  the mapped area 
can b e  correlated with other sec t i ons  in northwestern Alaska 
described by Sab le  and Dutro (1961), Cambell (1 9671, Snel son (1 968), 
and Arms trong ( 1970). 

Regional Geology and Petrol o g ~  

The DeLong Mountains are  located in the western end of the 
Brooks Range physiographic province. The western Brooks Range is 
composed primarily of Devonian through Mississippian age c las t ic  
and carbonate rocks. The s table shelf sediments have been compressed 
in to  generally east-west  s t r ik ing  i m b r i c a t e  thrust sheets t h a t  d i p  
t o  the south. In the DeLong Mountains, the sediments are deformed 
i n t o  an arc convex t o  the north and the geologic column from the 
oldest t o  the youngest rocks includes: dolomite and 1 imestone of 
the Devonian Baird Group; quartz; t e ,  conglomerate, sandstone, and 
s i l  ts tone o f  the  Devonian and l l i s s i s s i p p i a n  Endicott Group; 1 irnestone, 
do1 omite, chert ,  and shale of the Mississippian Lisburne Group; shale, 
chert ,  and limestone of the Permian and Tr iass ic  S i  ksi kpuk Formation 
and the Triassic  Shubl  i k Formation; shale,  mudstone, wacke, and 
congl ornerate of the Cretaceous O k p i  kruak Formation; and sands tone 
and conglomerate of the Fortress Mountain Farmation. The sediments 
are juxtaposed i n  imbr i ca te  th rus t  p la tes  t h t  include th rus t  sheets 
of layered mafic and ultramafic rocks da ted  a t  150 t o  160 m.y. 

In the study area,  the o lde s t  rocks are quar tz i te ,  sandstone, 
cong?omerate, sil  ts tone and shale of the Endicott Group. The 





quartzi tes  and sandstones are medium grained, cross bedded, tan 
weathering rocks t h a t  contain minor plaqt f o s s i l s .  

Stratigraphical ly above the Endicott Group i s  the carbonate, 
chert, and shale of the Lisburne Group. Only the Kogruk and  T u p i k  
Formations of the Lisburne Grou were mapped i n  the v ic in i ty  of the 

1 Red Dog prospect (Plahuta, 1978 ! . Since the contact between the 
underlying Utukok Forrna t i o n  and the younger Kogru k is gradational 
and since exposure is  poor, the Utukok Formation o f  the Lisburne 
Group may be present i n  the mapped area. The KO ruk Formation i s  

1 represented by approximately 90 meters (300 f e e t  3 o f  interbedded 
I imestone and chert. The 1 irnestone i s  a dark t o  medium gray bio- 
c l a s t i c  rock tha t  weathers l i gh t  gray t o  orange. I t  forms beds 

1 ranging from 10 centimeters t o  2.7 meters ( 4  inches t o  9 f e e t )  
thick. Bioclastic debris inc ludes  c r i n o i d  stems, horn cora ls ,  and 
sp i r i fe ro id  and productid brachiopods. T h e  uni t  has been correlated 
w i t h  the  Wachsmuth and Alapah Limestones of the Lisburne Group in  
the  central  and eastern Brooks Range (Sable and Dutro, 1961 ), 

The Kogruk Formation i s  conformably overlain by a t  l e a s t  185 
meters (600 f e e t )  of 1 imestone and chert of the T u p i k  Formation. 
Plahuta (1978) has divided the formation in to  two informal members 
i n  the study area. The lower 1 imestone member includes medium dark 
gray to  blackish gray aphanitic l imestone and in te rbedded  dark gray 
shale. The 1 imestone weathers o l ive  gray and forms individual beds 
approximately 0.5 meters (1.5 f e e t )  thick. T h e  over1 aying cher t  
member includes grayish black cher t ,  s i l iceous  mudstone, and black 
shale. The chert member includes g ray i sh  black chert, s i l iceous  mud- 
stone, and black shale. The chert  member i s  h o s t  t o  breccia f i l l i n g s ,  
veins, conformable pods and disseminations of su l f ide  minerals. 

Di sconformably overlying the Lisburne Group is the Si ksi kpuk 
Formation of Permian and Triassic age. The formation has been 
divided into three informal members in the study area by P lahu ta  
(1978). The s i l i c i c  member, the basal member, i s  a massive granular 
white t o  1 ight  gray quartz-rich rock. The u n i t  has a maximum thickness 
of 76 meters (250 f e e t )  and contains minor disseminated sulf ides .  
Conformably overlying the s i l  i c i c  member is the ba r i t e  member which  
includes up t o  90 meters (300 feet)  of massive bar i t e  interbedded 
with minor 1 imestone and shale. The ba r i t e  member i s  coarsely 
crys ta l l ine  w i t h  individual g r a i n s  up t o  5 centimeters ( 2  inches in 
diameter). Minor disseminated sulf ides  occur a t  the base of the 
unit .  T h e  f e l s i c  volcanic member, t he  upper member o f  the formation, 
i s  composed o f  f e l s i c  t u f f  that  contains quar tz  and ba r i t e .  The 
member i s  r e s t r i c t ed  to  one outcrop i n  section 29 and i t s  composition 
and stratagraphic position are questionable. 

The undivided Si ksikpuk Formation contains major red and green 
argillite and red and greenish gray chert. Although the formation 
i s  probably l e s s  than 185 meters (600 f e e t )  th ick,  s t ruc tura l  thick- 
ening, lack o f  marker beds, and poor exposure make accurate measure- 
ment o f  t he  s t ra t igraphic  section impossible. 

Confonnably overlaying the Si ksi kpuk ~orma.tion i s  a sect ion of 



black chert ,  black shale, and carbonate tha t  has been assigned to  
the Triassic  Shublik Formation. The chert  forms r-elatively thin beds 
up t o  15 centimeters (6  inches) thick erhile the shale occurs in beds 
u p  t o  0.5 centimeters (1 /4  inch) thick. Carbonate beds a re  l e s s  than 
a meter (3.28 f e e t )  thick. The carbonate includes 1 imestone and 
dolomite t h a t  i s  medium gray and weathers grayish orange. Neither 
Monotis nor Halobia which are common in other sections of the Shublik 
Formation were identified within the  carbonates in the study area .  
The total  thickness of the Shubllk Formation i n  the area i s  
l e s s  than 55 meters (180 fee t ) .  

Unconforrnably overlying the Shublik i s  a section of sandstone, 
s i l  tstone, argi  11 i t e ,  and shale t h a t  may range i n  age from the 
Jurassic  t o  the Cretaceous. The sandstones a re  medium to  f ine  grained 
medium to  d a r k  gray muddy rhythmically bedded rocks. Locally the 
sandstones display we1 1 developed cross bedding. The interbedded 
s i l  tstones a r e  also medium to  dark gray. The a r g i l l i  t e s  and shale 
are calcareous and contain gastropod and pel ecypod fragments. In- 
dividual beds of the a rg i l l  i t e  and calcareous shales a re  l e s s  than 
1 centimeter (0.5 inches) thick. The to ta l  thickness o f  the Jurassic  
and o r  Cretaceous section i s  less than 90 meters (300 f e e t ) .  These 
rocks form the youngest consolidated deposits i n  the v ic in i ty  of Red 
Dog Creek. 

Geochronol ogy and Structural Geol osy 

Age determinations within t h e  Red Dog area have been based 
en t i r e ly  on correlations with similar rocks in the region. The age 
determinations o f  the Devonian rocks and o f  the Mississippian Lisburne 
Group rocks i n  the region are  the r e su l t  o f  detai led s t ra t igraphic  
and paleontological exa~ninations by Sable and Dutro (1961) and by 
Armstrong (1 970). The younger rocks have been correlated w i t h  s imilar  
rocks mapped by Cambell (1967). No radiometric age dating has  been 
done in e i t h e r  the study area o r  i n  the immediate v ic in i ty .  The age 
of mineralization a t  Red Dog should be dated by lead-lead methods 
f o r  a better understanding o f  the relationships o f  the mineral i r a t ion  
t o  the enclosing host rocks. 

In the study area, the Endicott Group rocks s t r i k e  generally 
northeast-southwest. The rocks form large open folds and are i n  thrust 
contact w i t h  the Juro-Cretaceous, Permo-Triassic, and Mississippian 
age rocks. The Mississippian age and younger rocks form large open 
folds t h a t  generally s t r i k e  northwest-southeast. Locally the Permo- 
Triassic ,  and younger rocks form overturned folds  and are highly 
deformed. These areas o f  high deformation may represent yielding 
a1 ong unmapped thrust  plates. 

The rocks are of fse t  by numerous high angle f a u l t s  on a regional 
.as well a s  a local scale. Figs. 2 and 3 are general interpretat ions 
of l i nea r  features  observed on landstat  and low a l t i t u d e  aer ia l  
photographs respectively. The 1 ands t a t  photo interpretat ion ( F i g -  2 )  
shows extensive low angle fau l t ing  in northwestern A1 aska t h a t  s t r i k e s  





Figure 3 L i n e a t i o n s  i n  the  Red Dog.Creek area and 
l o c a t i o n  o f  the study area 
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generally northeast-southwest. Fig.  3, an interpretat ion o f  a 
low a l t i t u d e  aer ia l  photo of the Red Dog area, shows major eas t -wes t  
and north-south s t ructural  features. Detailed interpretat ions of 
these features are beyond the scope of this examination. 

Economic geol ogy 

Exposures of su l f ide  mineralization a re  found a t  two major 
l o c a l i t i e s .  The more extensive exposure i s  along the e n t i r e  length 
o f  Red Dog Creek i n  section 20. The smaller exposure is located on 
the hi1 1 centered in section 29. If the exposures represent the 
same mineral ized body, the mineralization has a s t r i k e  length of a t  
l e a s t  2439 meters (8000 f e e t ) .  

Sphaleri  t e ,  pyri te ,  pyrrhoti t e ,  and galena occur i n  the L i  sburne 
Group as  s t r a t i  form mineral izat ion parallel  t o  bedding planes and 
a s  breccia f i 11 ings and vef n rep1 acements crosscutting bedding 
surfaces. The sulfides are  hosted i n  black cherts  and black s i l iceous  
mudstones. The host rocks generally s t r i k e  northwest-southeast and 
d ip  u p  t o  30" t o  the southwest. The mineralization has not been 
traced down d i p  nor has the base of the mineralized horizon been 
mapped. The mineralization i s  within i ron-stained zones t h a t  are 
devoid of vegetation. These zones extend fo r  328 meters (1000 f e e t )  
a t  r igh t  angles t o  the str ike of the mineralization. 

The su l f ide  mineralization i s  overlain by a t  l e a s t  90 meters 
(300 f e e t )  o f  massive b a r i t e  t h a t  has been mapped as  a member of the 
Siksikpuk Formation. Disseminated sulf ides  occur in the lower few 
meters of the member. The uni t  a l s o  contains minor carbonate. 

The su l f ide  minerals i n  the Lisburne Group occur as disseminated 
f i n e  anhedra and a s  medium t o  coarse grained subhedra i n  replacement . 

veins and stockworks. The disseminated ore i s  primarily pyrrhot i te ,  
. pyri te ,  and sphaler i te  tha t  form spheri'cal aggregates. The ores are 

concentrically zoned w i  t h  sphal e r i  t e ,  pyrrhoti t e ,  and pyrite crystal - 
l i z ing  along the vein walls with the major crystal  ax is  a t  r igh t  angles 
t o  the vein walls. The ear ly sulf ides  a re  replaced by quartz,  galena, 
and l a t e  iron sulfides.  The veins vary from simple structures w i t h  
para1 1 el wall s to complex stockworks tha t  include breccia fragments 
up t o  a meter (3 .28  f e e t )  in diameter. The vein systems strike 
approximately S40W and N40W. T h e  individual veins range from 2.5 
centimeters t o  3 meters (1 inch t o  10 feet)  wide and a re  nearly 
ver t ica l .  The vein outcrops are a l l  within the creek bottom and 
individual veins can not be traced for more than 10-15 meters (30-50 
f e e t )  . 

In section 29 Plahuta (1 978) mapped a sequence of s i l iceous  
rocks as felsic volcanics. The  c l a s s i f i c a t i o n  o f  these rocks a s  
vol canics was based on handspecimen ident i f icat ion and comparison 
w i t h  Pelsic  t u f f s  associated with dacitic f l o w  rocks a t  Drenchwater 
Creek. If the correlation i s  cor rec t  the massive su l f ide  minerali- 
zation a t  Red Dog Creek could possibly be c l a s s i f i ed  as a Kuroka 
type volcanigenic ore depos i t .  More detailed examination o f  the 



1 s i l i c eous  rocks bas n o t  warranted classifying them as fe l s ic  vo lcan ics  
‘ A  thus the mode o f  o r i g i n  o f  the mineralization i s  still in question. 

The mineralogy, structural  form and ore t ex tu res  are similar t o  the 

1 dis t a l  exhal a t i v e  volcanic deposits currently formin i n  the Medi t e r -  
d ranean region as described by Honnorez e t  a l . ,  (19737. 



DRENCHWATER CREEK MINERAL OCCURRENCE 

Location and Previous Investiaations 

The Drenchwater Creek mineral occurrence i s  located TIDS, 
RlE, Urniat Yeridian which i s  in the Howard Pass quadrangle. The 
area i s  on the north flank o f  the western Brooks Range and i s  
within the National Petroleum Reserve Alaska (Fig. 1) .  

The mineral occurrence was described i n  de ta i l  by Nokleberg 
and Winkler (1978) however Tai l leur  (1970) noted the mineral 
potentia1,of the area based on work a t  the Red Dog mineral occurrence 
160 kilometers (100 miles) t o  the west. The only other  per t inent  
pub1 ished data i n  adjacent areas includes regional mapping by Tai 1 leur 
and others (1966) and eneral discussions on the geology of northern 
Alaska {Tai l leur ,  1969 3 . 
Regional Geology and Petrology 

The regional geology west of Drenchwater Creek has been described 
i n  the previous sect ion on the Red Dog Creek mineral occurrence. East 
of Drenchwater Creek the Paleozoic s t ra t igraphic  column o f  the northern 
Brooks Range has been described by Bowsher and Dutro (1957). Their 
work included de ta i l ed  mapping and the measurement o f  11 sections in 
the Shanin Lake area 400 kilometers (250 miles) eas t  of Drenchwater 
Creek. 

The oldest  exposed rocks i n  the Shanin Lake area are  unnamed 
shales and sandstones of Upper Devonian age. The sandstones and 
shales (488 meters, 1600 f e e t )  are overlain by the Kanayut conglo- 
merate (1006 meters, 3300 fee t ) .  The Kanayut conglomerate is divided 
in to  three members. The lower member i s  poorly defined and includes 
a t  leas t  427 meters (1400 feet)  o f  conglomerate, sandstone, shale, 
and limestone. The middle conglomerate member contains 313 meters 
(1026 f e e t )  of  massive chert-pebble conglomerate. The Stuver Member 
a t  the top  o f  the formation includes 262 meters (860 fee t )  o f  ortha- 
quartzi te ,  conglomerate, and shale. 

The Kanayut conglomerate is di sconformably over1 ai n by the 
Mississ ippian  age Kayak Shale. The Kayak Shale  has a t o t a l  thickness 
of 293 meters (960 f e e t )  and i s  divided in to  f ive  informal members. 
From oldest t o  youngest these include; the basal sandstone member 
(40 meters, 131 fee t ) ,  lower black shale member (181 meters, 595 
f e e t ) ,  argi 11 aceous 1 imestone member (24 meters, 80 f e e t ) ,  upper 
black shale member (43 meters, 140 f ee t ) ,  and the red limestone 
member (3-5 meters, 10-15 f e e t ) .  

The Kayak Shale i s  disconformably overlain by the Lisburne 
Group. In t he  Shanin Lake area, only the Wachsmuth and Alapah 
Limestone Formations a re  present, b o t h  of which are Mississippian 
i n  age. The Wachsmuth Limestone has a to ta l  thickness of 375 meters 



(1230 f e e t )  and i s  div ided into four in formal  members. From oldes t  
t o  youn e s t  these include: the shaly limestone member (5  meters, 
18 fee t  7 ; the crinoidal 1 imestone mernber (67 meters, 219 f e e t ) ;  the 
dolomite member (172 meters, 564 feet);  and the banded chert  and 
limestone member (131 meters, 429 f ee t ) .  The Wachsmuth Limestone 
is disconformably overl a in  by the Alapah Limestone which has a 
t o t a l  thickness of 296 meters (970 f ee t ) .  The Alapah Limestone 
i s  divided into nine informal members which include from oldest t o  
youngest: the shaly limestone member (26 meters, 85 f ee t ) ;  the dark  
limestone member (53 meters, 175 feet);  the platy  1 imestone member 
(57 meters, 187 feet ) ;  the banded 1 imestone member (64 meters, 210 
feet) ;  the black chert-shale member (12 meters, 38 f e e t ) ;  the l i g h t -  
gray 1 imestone member (14 meters, 46 f ee t ) ;  the fine-grained lirne- 
stone member (24 meters, 80 f e e t ) ;  chert  nodule member (24 meters', 
80 f ee t ) ;  and upper 1 imestone member (21 meters, 70 f e e t ) .  

The A1 apah Limestone i s  di sconformably overl a in by t h e  Permian 
and Triassic  S i  k s i k p u k  Formation. A t  the type l o c a l i t y  on Tiglukpuk 
and Skimo Creeks, t r ibu ta r i e s  o f  the Siksikpuk River, the formation 
includes 108 meters (354 f e e t )  of shale,  s i l t s t o n e ,  and calcareous 
s i l t s tone .  Pyrite nodules occur i n  the lower 18 meters (60 f e e t )  of 
the section and minor bedded and nodular ba r i t e  occurs i n  the upper 
37 meters (120 fee t )  of the u n i t .  

The Si ksi k p u k  Formation i s  disconformably overlain by the 
T r i a s s i c  Shubl i k Formation. The uni t  i s  represented a t  i t s  type 
loca l i ty  on Shubl i k  Island by 91 t o  137 meters (300-450 f e e t )  of 
section. The u n i t  i s  divided into three members which  include from 
oldest t o  youngest; shale member, chert  member and limestone member. 
The shale member loca l ly  contains s ignif icant  concentrations o f  
phospha te  and the limestone member contains abundant pyr i te  con- 
cretions. 

Shublik Formation i s  disconformably overlain by an unnamed 
sequence of Jurassic  and Cretaceous s i l t s tones  and shales.  I n  the 
A t i g u n  area eas t  o f  Shanin Lake the sequence may exceed 90 meters 
(300 f e e t ) .  

The unnamed u n i t  i s  unconformably overlain by the lower 
Cretaceous Okpikruak Formation. The Okp ik ruak  Formation includes 
451 meters (1480 f e e t )  of graywacke, shale,  and siltstone. 

The Okpikruak Formation i s  disconformably overlain by the upper 
lower Cretaceous Fortress Mountain Formation. The u n i t  includes 
3000 meters (10,000 f e e t )  of conglomerate, sandstone, shale,  and 
minor carbonaceous material. The Fortress Mountain i s  disconformably 
overlain by a t  l e a s t  1370 meters (4500 f ee t )  of marine and nonmarine 
sandstone, shal e and congl omerate of the A1 bian and Cenomanian 
Nanuskuk Group. The Nanus k u k  Group i s  i n  turn disconformably overlain 
by the upper Cretaceous Colvil I e Group. The Colvil l e  Group includes 
a t  least  915 meters (3000 fee t )  of marine and nonmarine shale,  sand- 
stone, conglomerate, and coal. 



Within the Drenchwater Creek area mapped by Mokleberg and Winkler 
(1978) only the Lisburne Group and the Siksi k p u k ,  Shubl ik ,  and Okpi k- 
ruak Formations a re  present. The Lisburne Group i n  t ' ~  Qrenchwater 
Creek area is  more charac ter i s t ic  of the Delong Mountains than o f  the 
S h a n i n  Lake section. In addition t o  the abundant chert  i n  the Lisburne 
Group i n  the Drenchwater Creek area,  the section includes f e l s i c  
volcanic and volcaniclastic rocks. 

The volcanic rocks include f l o w s  and s i l l s  of d a c i t e  and dac i t e  
porphyry. The rocks as described by Nokleberg and Winkler (1978) 
consis t  o f  coarse-grained potash feldspar and medium-grained b i o t i t e  
phenocrysts i n  a l i g h t  gray to  reddish brown aphanitic matrix. The 
b i o t i t e  from the daci te  has ylelded a 319 m.y. K-Ar age date. 

T h e  volcaniclast ics  include t u f f s ,  agglomerates and tuffaceous 
sandstones. The tu f f s  a re  composed of quartz, feldspar, b io t i t e ,  
fragments of chert  and minor pyri te  sphaler i te ,  and bari te .  The 
sulf ide minerals a l so  occur in cher t  and shale associated with the 
volcaniclastics.  

The Siksikpuk, Shublik, and Okpikruak Formations a r e  s imi lar  t o  
sections t o  the east .  Barite has been ident i f ied  a t  several l o c a l i t i e s  
in t h e  S i  ksikpuk i n  the Drenchwater Creek area along w i t h  minor pyrite.  
The presence o f  bedded bar i te  f a c i l i t a t e s  the discrimination of the 
black and green shales o f  the Siksikpuk Formation from those of the 
Shublik Formation. The presence of the pelecypod Monotis i n  the Shublik 
Formation i s  also used t o  distinguish the uni t  f r om both the underlying 
Siksikpuk Formation and  the  overlying Okpikruak Formation. The Ok- 
pikruak Formation contains the pelecypod Buchia in great  abundance. 

Geochronology and Structural Geology 

Age determinations within the Drenchwater Creek area have been 
based on correlat ions w i t h  s imilar  rocks in the region, on f o s s i l  
ident i f ica t ion ,  and on K-Ar age dating. A1 though the mineral i z a t i o n  
a t  Drenchwater Creek i s  within the Mississippian age volcanic and 
sedimentary rocks, the age o f  mineral iza t ion  should a l so  be dated  
by lead-lead methods for a be t te r  understanding of the relat ionships 
of the mineralization t o  the enclosing host rocks. 

The major s t ruc tura l  f o r m  i n  the area i s  a coarse-grained 
t e c t o n i c  breccia bounding numerous east-west s t r ik ing  th rus t  plates .  
The  majority of the contacts a re  f a u l t s  and stratigraphic continui ty 
is limited to  a few hundred meters. The individual uni ts  form 
asyminetrical l y  overturned folds tha t  have been breached in to  imbricate 
t h rus t  plates  t h a t  d i p  generally t o  the south (See Fig. 4). 

The microstructures e x h i b i t  the same trends as the m a j o r  
structures .  All u n i t s  have a well developed cleavage t h a t  s t r i k e s  
east-west and dips to  the south. Small scale isocl inal  f o l d s  mimic 
the 1 arger sca le  folds.  





The structural form indicates a major  north-south directed com- 
pressional event w i t h  blocks from the north being thrust under blocks 
to the south (Nokleberg and Winkler, 1978). 

-Economic Geol ogY 

The sulfide mineralization at Drenchwater Creek as well as at 
Red Dog Creek and the Wul i k River to the west and at Elusive Lake 
and Porcupine Lake to the east i s  within a topographic and sedimentary 
basin environment. The mineral occurrences are a1 1 located in physio- 
graphic lows. The mineralization is hosted by black cherts and 
sil iceous mudstones and by volcanic rocks within the basinal sediments. 

Nokl eberg and Wink1 er (1 978) have described the mineralization 
and have suggested geologic controls f o r  the ore minerals at Drenchwater 
Creek. The fbllowing is taken directly from thei r  work. 

"The galena, sphaleri te, and the barite mineral ization 
observed in this and earlier work occurs in a relatively 
narrow zone that extends eastward along strike from 
Drenchwater Creek for about 1,830 m. with a width o f  about 
6-30 m. The zone of sulfide mineralization is restricted 
to the Drenchwater thrust p l a t e ,  The galena and sphalerite 
occur principally in dark cherts and dark shales, with 
lesser occurrences in the tu f fs .  Analyses of 24 rock, 
soil, and stream sediment samples from the zone of minerali- 
zation show zinc values of 0 to greater than 10,000 pprn 
with an average o f  about 200 ppm, and show lead values 
o f  20-15,000 pprn with an average of about 200 pprn. B a r i t e  
is rarer and occurs only in black chert along Drenchwater 
Creek and in undifferentiated yellow-green cherts of t h e  
Shubl i k or S i  ksi kpuk Formations in the southwest part o f  the 
mapped area. Strongly developed iron staining also occurs 
in the zone o f  sulfide mineralization as a weathering 
product o f  pyrite which i s  disseminated in sparse amounts 
in the f e l s i c  t u f f s .  Stream sediments are also iron- 
stained downstream from the tuffs. Iron staining should 
not be used as the sole prospecting tool in this region - 
as many areas of iron-stained bedrock contain no visible 
galena or sphal eri te, and because galena and sphal eri te, 
without accessory pyrite, weather to shades of dark gray 
to black. 

Sphal eri te and gal ena occur pr imar i ly  as disseminated 
grains in underformed fragments of rock. This texture 
strongly suggests t h a t  sulf ide crystal 1 i z a t i o n  occurred 
coincidentally with, or just af te r  sedimentation. Less 
commonly, sphalerite and galena occur in 1-2 em. thick 

' veins o f  massive sulfides in brecciated chert and shales. 
Locally the veins crosscut cleavage, suggesting a period 
of mobil ization and redeposi t i o n  of sulfides after 
deformation. Sphal eri te and galena occur spa r se ly  i n  the 



;I *- 
zone ~f su l f ide  mineralization; in rare hand samples, the 
volume of galena and sphalerite v a r i e s  from 112-2 mm. 
Barite occurs mainly as beds, lenses, or nodules a few 
centimeters wide within black chert  or shale. The 
barite i s  mostly massive,  light to medium gray colored, 
and medium to coarse grained. In contrast t o  the Red 

TI Dog area (Tail leur, 1970), bar i te  does not appear to be 
I associated with galena and sphalerite. Galena is the 

only sulfide observed towards the e a s t  end o f  the zone 

d of mineralization in this intensely weathered and low 
relief area,  galena occurs as sparse relic grains in 
a chert boxwork. 

There are two major geologic controls for  the . 

galena and sphal eri te deposits i n  the Drenchwater 
Creek area. First, the unique assoc ia t i on  o f  galena 
and sphalerite with tuff or w i t h  dark chert and dark 
shale adjacent  to tuff strongly suggests that: 
(1) sulfide mineralization is syngenetic or strati- 
form, i . e. , t h a t  mineral ization occurred simul taneously 
or just after sedimentation and volcanism; and 
(2) volcanic exhala t ions  were the source o f  the 
mineralization fluids. This origin is similar Lo t h a t  
proposed by Tail leur (1 970) for the Red Dog area." 

The current investigation resulted in the location o f  several 
a d d i t i o n a l  su l f ide  occurrences and thus extended the strike length 
of the mineralization to at l eas t  3000 meters (10,000 f e e t ) .  
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Geochcrnical and geophysical -- da ta  col lect ion,  a n a l y s i s  and reduction - 
Red Dog Creek 

A sample g r i d  1753 x 1448 meters (5750 x 4750 feet )  w i t h  sample 
points located on 76 meters (250 feet )  centers was established a t  
Red Dog Creek. The sample g r i d  was layed out by t r a n s i t  and tape 
methods w i t h  a north-south and east-west  orientation and included 
480 points. The major sulfide mineralization a t  Red Dog Creek i s  
l oca t ed  near the center of the g r i d  (Figs. 3 and 5). 

Soil samples were co l lec ted  a t  each o f  t h e  g r i d  points  w i t h  a 
hand held 1 meter (3.28 f e e t )  so i l  auger, Samples were col lected 
t o  1 meter (3.28 f e e t ) ,  or t o  the bottom of the ac t ive  layer  o r  t o  
bedrock whichever was less .  The samples were analyzed by atomic 
absorption spectrometry for Cu, Pb, Yo, Ag and Zn. 

"1 Mercury vapor readings were taken with a Scintrex HGG-3 mercury 
fl 
iL spectrometer i n  accordance w i t h  the f i e l d  procedures establ ished by 

the manufacturer. Samples of so i l  and rock were a l so  analyzed w i t h  
the spectrometer by establ i shed 1 abora tory  procedures. 

@I 
Radiometric readings were taken w i t h  a Scintrex GAD-6 four 

channel Gamma-Ray spectrometer with a GSP-2 crys ta l  sensor .  Readings 
were taken f o r  U ,  Th, K, and the to ta l  count. 

Magnetic readings were taken w i t h  a Geometries proton precession 
magnetometer. Three readings were taken a t  each s ta t ion .  

,.A 
Sample means, ranges, standard deviations and means plus 1.645, 

3 
2.00, and 2 . 3 3  times the standard d e v i a t i o n s  were calculated f o r  each 

i b  ,' of  the  el emental analyses. The geochemical and geophysical da ta  
was a l so  reduced by means of a trend surface program developed by 
the University of Kansas. The t rend surface p lo t s  are included i n  

4 . Appendix I and the geochemical d a t a  i s  included i n  Appendix 11. Li There a re  two trend surface plots  fo r  each elemental analysis o r  geo- 
physical parameter. The f i r s t  p l o t  i s  a cantour o f  the raw data and 
the second p lo t  i s  a contour of the calculated residuals on a three,  o r  
four  degree surface. 

Geochemical and geophysical data col lect ion,  analysis ,  and reduction - 
Drenchwater Creek 

A sample gr id  2744 x 1220 meters (9000 x 4000 f e e t )  w i t h  sample 
points located on 305 meters (1000 foot) c e n t e r s  was established a t  
Drenchwater Creek. The sample gr id was layed out by compass and tape  
methods with a N60W and N30E orientat ion and included 50 points. The 
major sulfide mineralization and color anomalies a t  Orenchwater Creek 
are located along the center o f  the grid  (Figs. 4 and 6 ) .  Data 
collection, analysis ,  and reduction was conducted by the same procedures 
as described f o r  Red Dog Creek. The trend surface plots  are included 
i n  Appendix 111 and the geochemical data i s  included i n  Appendix I V .  



SUMMARY AND CONCLUSIONS 

In review of the trend surface plots f o r  Red Dog Creek and 
F ig .  5, the following summaries can be made about t h e  geochemical 
and geophysical da ta :  

A. A major copper anomaly (surface of residuals) occurs 
over the main sulfide mineralization in section 20, 
however additional anomal ies occur at sampl e local i ties 
448-449, 597, 619-620, 714-716, 741 -742, 779, and 
834-835. 

0. Major lead anomalies occur over the sulfide exposures. 

C.' Molybdenum anomal ies occur over sample 1 ocal i ties 625-626, 
685-707, 736-737, and 758-759 and over a large area in 
section 28. 

D. A major silver anomaly occurs over the main sulfide 
occurrence and smaller  anomalies are found at sample 
localities 540, 625-626, and 672. The silver anomalies 
generally car re l  ate we7 1 with the I ead anomal i es. 

E. A large zinc anomaly occurs over the main sulfide 
occurrence and smaller anomalies are found at sample 
l o c a l i t i e s  377-379, 399-401, 597, 619-620. The 
anomalies a t  377-379, and 399-401 a r e  down slope 
from the sulfide occurrence in section 29. The zinc 
anomal i e s  general ly correlate with the copper anomalies. 

F. A positive magnet anomaly of 40 gammas exists over the 
main sulfide occurrence. The positive anomaly i s  flanked 
by two 20 gamma negative anomalies. A similar dipole 
o f  the same magnitude is located in section 28. This 
anomaly i s  congruous with the molybdenum anomaly i n  
section 28, 

G. Small potassium anomalies are located over  the main 
sulfide occurrence and over the sulfide occurrence 
in section 29. A very small anomaly is correlated with 

, the molybdenum and magnetic anomalies in section 28. 

H. The thorium and uranium data  i s  analogous with the 
potassium data. 

I. The total count plots are similar to the potassium, 
thorium, and uranium with the exception of three sample 
localities. At sample localities 501 and 440 zero 
total count values were entered in the computer. The 
result i s  1 arge negative anomal ies at these local i ties. 
A t  sample local i t y  745 a large number was entered for 
the total count and the result was a large positive 



anomaly. These three sample points must be disregarded 
i n  the synthesis of the t o t a l  c ~ u n t  data. 

Mercury vapor was not detected and this may be a function of 
the absence of mercury i n  the geologic environment but more probably 
the negative resu l t s  are  a function of inadequate instrumentation f o r  
the detection o f  mercury under existing physical conditions. Mercury 
has been used as an ef fec t ive  indicator o f  su l f ide  mineralization i n  
the region by the private sector  however, the analysis  are conducted 
by laboratory rather  than by f i e l d  methods (personal communication, 
s t a f f ,  Comi nco American). 

In review o f  the trend surface p l o t s  f o r  Drenchwater Creek and 
Fig .  6 ,  the fol  lowing summaries can be made about the geochemical 
and geophysical data: 

A. A 50 ppm copper anomaly i s  found over the volcanic rocks 
i n  the northeast of the study area and another 50 ppm 
anomaly i s  found a t  t h e  southern edge o f  the Orenchwater 
Thrust. 

B. There i s  a major lead anomaly over the  volcanic rocks i n  
the north, however i t  i s  offset t o  the  west of the 
major copper anomaly. A small anomaly occurs in the 
east  end  of the area and another i n  the Spike Camp Thrust 
near sample l o c a l i t i e s  1 and 11. 

C. Several molybdenum anomalies correlate with bo th  the 
copper and lead anomalies. 

D. The s i l v e r  anomalies correlate with the copper anomalies. 

E. The zinc anomalies cor re la te  w i t h  the lead anomalies however 
they are  o f f se t  t o  the south o f  the lead peak values.  

F. A l a rge  magnetic anomaly i n  the northwest corner of the 
study area is  a t t r ibuted  t o  numerous diabase dikes. Other 
magnetic h ighs  are congruous w i t h  the zinc ,anomal i e s .  

G. A very large potassium anomaly occurs over the volcanic 
rocks i n  the northeast end o f  the area. 

H. The thorium anomaly correlates with the potassium anomaly. 

I. A major uranium anomaly occurs over the potassium and 
thorium anomal i e s  and another occurs over the volcanics 
west of  Drenchwater Creek, The o f f se t  i n  the uranium 
anomalies i s  strong evidence f o r  major faul t ing i n  
Drenchwater Creek. There i s  a l s o  evidence for the existence 
o f  volcanic rocks i n  the v ic in i ty  of sample l o c a l i t y  21. 

9. The to ta l  count trend surface i s  very s imilar  t o  the 
urani urn surf ace. 



The following general conclusions are drawn f r om this investi- 
gation: 

1) Very large geochemical anomalies occur over areas o f  
visible sulfide mineralization and over areas o f  no visible 
su1 fides at Red Dog and Drenchwater Creeks. 

2) Mercury vapor was no t  detected at either occurrence and this 
may be a function o f  

a. Absence of mercury in the geologic environment. 

b .  Inadequate instrumentation for the detection o f  mercury 
under t he  existing physical conditions. 

3)  Very large gamma-ray anomalies are associated with the volcanic 
rocks and w i t h  the mineralization at Drenchwater Creek 
however very minor anomalies were detected over "hypothesized" 
volcanic rocks at Red Dog Creek. 

4) Magnetic anomal i e s  were detected at both localities. 

5) From the molybdenum, magnetic, and radiometric data, 
additional s u l f i d e  mineralization may be present at 
the Red Dog occurrence in section 28. 

6 )  Close spaced s o i 7 ,  magnetic and radiometric investigations 
can provide drilling targets for sulfide mineralization 
in the northern Brooks Range base metal province. 

7) Radiometr ics may provide a r ap id  method o f  detecting base 
metal sulfides associated with volcanic  flow rocks i n  
the province. 
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APPENDIX I 

Trend surface p lo t s  o f  the geochenlical and geophysical data - 
Red Dog Creek 
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~eochemical analyses, sample means, ranges, 
s t andard  deviat ions,  and anomalous samples - 
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TABLE 18 

LIVENGOOD QUADRANGLE 

Rock Sample Descriptions and Trace Element Concentrations (continued) 
- 

Sampl e Sampl e Weakly Anomalous Anomalous Elements Strongly Anomalous 
Number D e s c r i p t i o n  Elements 90%C. 1. 95%C.L. Elements 98XC.L. 

76AJB526 Granite 
527 Granite 
528 Granite 
529 Granite I 

530 Shale and s l a t e  I 

721 S c h i s t  and qua r t z i t e  B Ga 
722 S c h i s t  M i  
723 Q u a r t z i t e  K 0 
724 Quartzite 
725 ? 
731 Quartzite and s c h i s t  
732 ? 
733 ? 
734 ? 
735 ? 
741 Gran i te  and qua r t z i t e  
742 Granite and q u a r t z i t e  
743 Granite 
744 Alaskite 
745 A l a s k i t e  
746 A l a s k i t e  
747 Alaskite 
748 Alaskite 
749 Alaskite 
750 Alaskite 
751 Banded gran i te  

As 
AgSGa, K 
Ag', Ga, K, Na, Sc 
B,Ga,K,Na 
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TABLE 18 

LIVENGOOD QUADRANGLE 

Rock Sampl e Descr i  p t  ions and Trace E l  emen t Concentrations (continued ) 

Sample Samp 1 e Weakly Anomalous Anornal ous E l  ements Strongly  Anomalous 
Number Descr i  p t i o n  Elements 90XC.t. 95gC.L. Elements 98%C.L. 

Sla t e  
Altered i n t r u s i v e  
S l a t e  and g ran i t e  
Granite dike B i  ,K 
Grani te d i k e  
S l a t e  
Slate  
Granite 
S l a t e  
S l a t e  
Sla t e  
S l a t e  
Congl omerate 
Shale 
Graywacke and s l a t e  
Sha le  and s l a t e  
S l a t e  
S l a t e  
? 
S l a t e  wi th  minor pyri te  
Conglo~nerate and black s l a t e  
Conglomerate 
S l a t e  
S1 a t e  
G r a n i t e  d i k e  
Shale and s l a t e  

K 

Ga, K,Zn 

Ga, K 



TABLE 18 

LIVENGOOD QUADRANGLE 

Rock Sample Descriptions and   race Element Concentrations (continued) 

Sampl e Sampl e 
Number Description 

Weakly Anomalous Anomalous Elements Strongly Anomalous 
Elements 90%C.L. 95%C. L .  Elements 98%C.L. 

Granite w i t h  quartz veining ?lo 
Sla te  
Granite 
Slate 
Granite d i k e  
Slate 
Slate and shale 
S l a t e  and shale  
Graywac ke 
Shale 
Conglomerate 
Shale and Graywacke 





TABLE 20 

MIRL Rock Samples, Rampart Terrane, 1976 
(based on 297 samples) 

Va7ues i n  PPM o r  Percent (as  noted) 

Minimum or  Threshold Values 
t o  g i v e  indicated confidence level 

Level Weakly Anomalous Anomalous a t  Strongly Anomalous 
Element o f  a t  90%confidence %%confidence a t  98sconfidence 

Detec t ion  l eve l  1 eve1 1 eve1 





TABLE 22 

TANANA QUADRANGLE 

, Stream Sediment Sample T race  Concentrat ions 

Sample Weakly Anomalous Anomalous Elements S t r o n g l y  Anomalous 
Number E l  ements 90%C. t. 95gC.L. Elements 98%C.L. 
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TABLE 23 

MIRL Rock Samples, Kanuti Terrane, 1976 
(based on 107 samples) 

Values i n  PPM o r  Percent (as  noted) 

Minimum o r  Threshold Values 
t o  give indicated confidence 1 evel 

Level Weakly Anomalous Anomalous a t  Strongly Anornal~us 
Element o f  a t  90%conf i dence 95%conf i dence a t  98%conf i dence 

Detection 1 eve1 1 eve1 1 eve1 



TABLE 24 

MIRL Stream Sediment Samples, Kanuti Terrane, 1976 
(based on 23 samples) 

Values in PPM or Percent (as  noted) 

Minimum or Threshold Values 
to give indicated confidence level 

Level Weakly Anomalous Anomalous at Strongly Anomalous 
Element of at 90%conf i dence 95%conf i dence at 987Lconf idence 

Detection 1 eve1 1 eve1 1 eve1 
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TABLE 26 

BETTLES QUADRANGLE 

Stream Sediment Sampl e Trace El ernent Concentrat ions 

Sample Weakly Anomalous Anomalous El emen t s  St rong l y  Anomalous 
Number Elements 90%C.L. 95%C.L. Elements 98%C.L. . '  

76AMR404 
40 5 Mo , Sc Zr 
406 Zn 
407 Y 
408 Mo T i  B,Mn 
409 Mo 
41 0 T i  P 
41 1 
41 2 
41 3 
41 4 
41 5 Mo , Sc 
41 6 

762029 
03 0 
034 
03 6 M9 
037 
043 Z r  
04 7 Mo- 
04 9 
050 



TABLE 27 

MIRL Rock Samples, Kanuti Terrane,  1976 
(based on 107 samples) 

Values i n  PPM or Percent  (as  noted)  

M i n i m u m  or Threshold Values 
t o  g ive  ind ica t ed  confidence l eve l  

. , 

Level Weakly Anomalous Anomal ous a t  Strongly Anomalous 
Element o f  a t  90%confidence 95%confidence a t  98%confidence 

Detect ion 1 eve1 1 evel 

3 7 
14.96% 
800 

2 0 
102 
82 6 

10 
503 
8,97% 
400 

9 1 
1.03% 

69 
10.87% 

27 
5.15% 
251 
1.0% 
6.85% 

1941 
29 

1.81% 
1043 
1367 

967 
139 

2 4 
, 29 

501 
48 

607 
10.0% 

11 9 
169 
429 
304 

4703 
144 
342 
143 
113 
147 

l e v e l ,  



TABLE 28 . 

MIRL Stream Sediment Samples, Kanut i  Terrane,  1976 
(based on 23 samples) 

Values i n  PPM o r  Percent  (as noted) 

Minimum or Threshold Values 
t o  g ive  i nd i ca ted  confidence level 

Level Weakly Anomalous Anomalous a t  Strongly Anomalous 
Element o f  a t  90%conf i dence 95%conf i dence a t  98Xconf i dence 

Detec t i on  1 eve1 1 eve1 I eve1 

A g 20 3 1 32 34 
A1 12.49% 13.27% 13.99% 
As 800 800 800 800 
Au 20 2 0 2 0 20 
0 100 127 132 137 
B a 700 859 888 91 6 
Be 10 10 10 10 
B i 200 200 200 200 
Ca 40 1.90% 2.18% 2.45% 
Cd 400 400 400 400 
Co 40 40 40 4 0 
C r 2 0 3 58 41 7 472 
C u 4 0 40 4 0 4 0 
F e 4.73% 5.13% 5.49% 
Ga 2 0 28 2 9 3 1 
K 1 . l %  5.0% 5.48% 5.93% 
La 200 200 200 200 
L i 1 . O %  1 .O% 1 .O% 1 .O% 
Mg 1.48% 1 .60% 1 .72% 
M n 60 ' 1345 1495 1635 
M 0 10 20 22 2 3 

--- - 
Na 1.0% 1 '7 2% 1 . 2 2 %  1.30% 
N b 800 800 800 800 
N i 2 0 88 98 108 
P 800 839 847 853 
P b 80 9 2 95 97 
Pd 20 2 0 20 2 0 
P t 2 0 20 2 0 2 0 
S b 500 500 500 500 
S c 10 3 7 41 44 
Se 300 300 300 300 
S i 10.0% 10.0% 10.0% 
Sn 6 0 64 65 65 
S r 10 202 23 1 259 
Ta 300 390 41 2 433 
Te 200 ' 200 200 200 
Ti 500 2278 2461 2632 
V 4 0 9 5 102 109 
W 200 223 228 232 
Y 20 11 5 122 129 
Z n 10 72 8 1 90 
Zr 20 146 163 178 
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TABLE 30 

W IS-EMAN QUADRANGLE 

Stream Sediment Sample I race Element Concentrations 

Sarnpl e Weakly Anomalous Anomal ous El ernents Strongly Anomalous 
Number El ements 90%C. L. 95%C. L. Elements 98xC.L. 

La, Zr 

AgYAuyAs ,Bi ,Cd,K, 
La, Mo, Na, Pby Sb, 
Se,Sn,Ta,Te,W,Y 

N i 



TABLE 31 

MIRL Rock Samples, Brooks Range Terrane,  1976 
(based on 15 samples) 

Values in PPM o r  Percent  (as  noted)  

Minimum o r  Threshold Values 
t o  g ive  ind ica t ed  confidence leve l  

Level Weakly Anomalous Anomalous a t  S t rongly  Anomalous 
Element of a t  90%confidence 95%confidence a t  98%confidence 

Detection 1 eve1 1 eve1 1 eve1 

As 2 0 38 41 44 
A 1 13.66% 15.21% 16.65% 
As 800 800 800 800 
Au 2 0 2 0 20 2 0 
B 100 100 100 100 
B a 700 946 992 1034 
Be 10 10 10  10 
B i 200 200 200 200 
C a 40 10.20% 11.77% 13.22% 
Cd 400 400 400 400 
C o 4 0 40 40 4 0 
Cr 20 116 127 136 
Cu 4 0 5 5 57 60 
Fe 8.75% 9.75% 10.68% 
G a 2 0 2 0 20 2 0 
K 1.1% ' 2.85% 3.07% 3.28% 
La 200 21 0 21 2 21 3 
L i 1 .O% 1 .O% 1 .O% 1 .O% 
Mg 4.14% 4.60% 5.04% 
M n 6 0 581 0 6769 7660 
Mo 10 28 30 33 
Na 1 % 1 .28% 1 .43% 1 .57% 
N b 800 800 800 800 
N i 20 65 7 2 77 
P 800 800 a00 800 
P b 80 9 2 9 5 96 
Pd 2 0 20 20 20 
P t 2 0 2 0 20 20 
S b 500 500 500 500 
Sc 10 3 5 38 42 
Se 300 300 300 300 
S i 13.79% 14.0% 14.76% 
Sn 6 0 60 60 60 
S r 10 101 111 121 
Ta 300 407 435 460 
Te 200 200 200 200 
T 1' 500 31 89 3525 3836 
V 4 0 96 103 109 
W 200 200 200 200 
Y 20 131 140 148 
Z n 10 5 64 662 7 53 
Zr 20 182 205 226 



TABLE 32 

MIRL Stream Sediment Samples, Brooks Range Terrane, 1976 
(based on 52 samples) 

Values in PPM or Percent (as -noted) 

Minimum o r  Threshold Values 
t o  give indicated confidence level 

Level Wea kl v Anomalous Anomalous a t  Stransly Anomalous 
Element o f  a t  90"/,conf i dence 95%conf i dence a t  98Gonf i dence 

Detection 1 eve1 1 eve1 1 eve1 



TABLE 33 

MIRL Rock Samples, Brooks Range Terrane, 1977 
(based on 11 6 samples) 

Values i n  PPM o r  Percent (as  noted)  

Minimum o r  Threshold Values 
t o  g i v e  indicated confidence, level 

Level Weakly Anomalous Anomalous a t  Strongly Anomalous 
Element of a t  90%confidence 95%confidence a t  98%confidence 

Detection 1 eve1 1 eve1 1 eve1 



TABLE 34 

MIRL Stream Sediment Samples, Brooks Range Terrane ,  1977 
(based on 58 samples) 

Values i n  PPM or Percent  ( a s  noted)  

Minimum o r  Thresh01 d Values 
t o  g i v e  i nd ica t ed  confidence leve l  

Level Weakly Anomalous Anomalous a t  S t rongly  Anomalous 
Element of a t  90%conf idence 957iconf i dence a t  98%confidence 

D e t e c t i o n  1 eve1 1 eve1 1 eve1 

A g 2 0 22 2 3 23 
A 1 8.94% 9.78% 10.56% 
A s  6 0 1 04 109 113 
A u 10 12 13 13  
B 100 142 150 157 
Ba 20 1238 1425 1598 
I3 e. 10 10 10 1 0  
B i 60 0 703 723 741 
C a 10  4.01 % 4.57% 5.10% 
C d 10  12 13  13  
Co 10 10 10 10 
C r 10 132 152 170 
Cu 10 118 137 156 
Fe- 6 0 6.66% 7.22% 7.74% 
Ga 10 10 10 10 
K 2% 2.42% 2.50% 2.57% 
La 100 123 128 132 
L i 10 291 341 387 
M g 7.08% 7.78% 8.44% 
M n 10 3638 41 23 4574 
Mo 20 - 25 26 2 6 
N a 1 % 1.55% 1.65% 1.75% 
N b 20 5 0 54 5 9 
N i 10 44 4 9 54 
P 2000 2001 2001 2001 
P b 300 323 328 332 
P d 10 10 10 10 
P t 30 3 7 3 9 40 
S b 300 347 356 365 

, Sc l o  10 10 10 
Se 9000 9233 9280 9323 
S i 10.0% 10.0% 10.0% 
Sn 40 47 48 5 0 
S r 10 . 120 135 148 
T a 300 353 3 63 373 
T e 700 1237 1292 1342 
Ti 2000 1.25% 1.36% 1 .46% 
V 10 104 123 140 
W 400 447 456 465 
Y 5 0 5 5 56 56 
Zn 10 566 663 7 54 
Zr 2 0 44 4 9 5 3 
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TABLE 36 

CHANDALAR QUADRANGLE 

Stream Sedjment Sample Trace  Element Concentrat ions 

Sample Weakly Anomalous Anomalous Elements S t r o n g l y  Anomalous 
Number Elements 90%C.L. 95%C.L. Elements 98%C.L. 



TABLE 37 

MIRL Rock Samples, Brooks Range Terrane, 1976 
(based on 15 samples) 

Values i n  PPM or  Percent (as noted) 

Minimum or Threshold Values 
t o  give indicated confidence level 

Level Weakly Anomalous Anomalous a t  .Strongly Anomalous 
Element of a t  90%confidence 95Zconfidence at 98%confidence 

Detection 1 eve1 1 eve1 1 eve1 



TABLE 38 

MIRL Stream Sediment Samples, Brooks Range Terrane, 1976 
(based on 52 samples) 

Values in PPM or Percent (as  noted)  

Minimum o r  Thresh01 d Values 
t o  give indicated confidence 1 evel 

Leve l  Weakly Anomalous Anomalous a t  Strongly Anomalous 
Element o f  a t  90%conf i dence 95%conf i dence a t  98%conf i dence 

Detect ion 1 eve1 1 eve1 1 eve1 

A g 20 24 24 .25 
A 1 10.9% 12.89% 13.81% ' 
As 800 800 800 800 
A u 2 0 2 0 20 2 0 
B 100 100 100 . 100 
B a 700 700 700 700 
Be 10 10 10 10 
B i 200 254 265 275 
C a 40 8.75% 10.1% 11.36% 
C d 400 400 400 400 
C o 40 40 40 40 
C r 2 0 9 8 106 113 
Cu 4 0 68 73 7 8 
F e 7.23% 7.72% 8.18% 
G a 20 2 0 2 0 20 
K 1.1% 2.88% 3.13% 3 .36% 
La 200 202 2 03 2 03 
L i 1 .O% 1 . O %  1 .O% 1 . O %  
Mg 2.462 2.70% 2.91% 
M n 60 1917 2112 2294 
Mo 10 - 18 20 2 1 
Na 1 % 1.39% 1.55% 1 .69% 
N b 800 800 800 801 
N i 20 69 7 5 8 0 
P 800 945 572 997 
P b 8 0 128 137 146 
P d 2 0 2 0 20 20 
P t 20 2 0 20 20 
S b 500 500 500 500 
S c 10 2 9 3 2 35 

' Se 300 406 428 447 
S i 10.0% 10.0% 10.0% 
S n 6 0 60 6 0 6 0 
S r  10 128 145 161 
Ta 300 300 300 300 
Te 200 283 306 327 
T i  500 27 66 2990 31 99 
V 4 0 113 124 133 
W 200 2 00 200 200 
Y 2 0 102 108 11 2 
Z n 10 291 339 384 
Zr 2 0 98 109 119 



TABLE 39 

MIRL Rock Samples, Brooks Range Terrane, 1977 
(based on 116 samples) 

Values in PPM or Percent (as  noted)  

- Minimum or Threshold Values 
t o  give indicated confidence level 

Leve l  Weakly Anomalous Anomalous a t  S t rongly  Anomalous 
Element o f  a t  90%confidence 95%confidence ' a t  98%confidence 

Detection 1 eve1 1 eve1 1 eve1 



TABLE 40 

MIRL Stream Sediment Samples, Brooks Range Terrane, 1977 
(based on 58 samples) 

Values in PPM or Percent (as no t ed )  

Minimum o r  Thresh01 d Values 
t o  g i v e  ind icated confidence 1 evel 

Level Weakly Anomalous Anomalous a t  Strongly Anomalous 
Element o f  a t  9OXconfidence 95%confidence a t  98%confidence 

Detect ion 1 eve1 1 eve1 1 eve1 



TABLE 41 

PHIL I P SMITH MOUNTAINS QUADRANGLE 

Rock Sample Descriptions and Trace Element Concentrations 

Samp 1 e Samp l e 
Number Descri p t i o n  

Weakly Anomalous Anomalous Elements Strong'ly Anomalous 
Elements 90XC.L. 95%C. L .  Elements 98XC.L. 

Calcareous shale  C,r,Fe,W 
Chert pebble conglomerate and 
shale  
Sands tone  and congl ornera t e  
Limestone and conglomerate I 
Sla t e  and mudstone 1 T i  
Sla t e  K 
SS a t e  
S la te  
Sandstone and chert breccia w i t h  
pyrite and sphal eri t e  
Shale 
5 ha 1 e A1 
Do1 o m i t  i c 7 imes tone 
S i 1 i ceous do1 omi t e  
Limestone 
Do lomi t i c  limestone and 
nodul a r  che r t  
S i l i c i f i e d  limestone w i t h  pyr i t e  
Recrystal I l  zed I imestone 
Recrystal 1 ized I imestone 
Recrys ta l  1 i zed 1 irnestone 
Recrystal l ized limestone 
Recrys ta l  1 i zed l imestone 
Chert 
Sandstone,  shale and conglomerate 
Limes tone B 
Limestone 
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TABLE 42 

PHILIP SMITH MOUNTAINS QUADRANGLE 

Stream Sediment Sample Trace Element Concent ra t ions  

Sarnpl e ,Weakly Anomalous Anomalous Elements S t rong ly  Anomalous 
Number Elements 90%C.L. 95K.L.  Elements 98%C.L. 

Sc 
N i 

Ca, Cr 

Ca ,Ni ,T i  

Mn, Ni 

Cr , Zr 

N i 
N i 

Mo 
Mo 

M o y V  

C r 
Mo, N i  ,Ti 



TABLE 43 

PHILIP SMITH MOUNTAINS QUADRANGLE 

USGS Stream Sediment Sample Trace Element Concentrations 

Sample Weakly Anomalous Anomalous Elements S t rongly  Anomalous 
Number E l  ements 90%C. L. 95%C.L. Elements 98XC.L. 



TABLE 43 

PHILIP SMITH MOUNTAINS QUADRANGLE 

USGS Stream Sediment Sample Trace Element Concentrations (continued) 

Sample Weakly Anomalous Anomalous El ements Strongly Anomalous 
Number E l  emen ts 90%C. L. 951C. L. Elements 98%C.L. 

PS090 
091 Ba,Ca,Cu,Mg,Sr 
092 
093 F e 
094 Ca, Cr 
095 Ca 
096 Ca ,Mg 
097 F e Be,Cr,Zn 
098 Ca ,Mg 
099 F e Co ,Zn 
101 S r Ca ,Ms 
103 F e 
104 



TABLE 43 

PHILIP SMITH MOUNTAINS QUADRANGLE 

USGS Stream Sediment Sampl e ~ r a c . e  E l  ement Concentrat ions (cont inued)  

Sampl e Weakly Anomalous Anomalous Elements S t rong ly  Anomalous 
Number E l  emen t s  90%C. L. 95%C. L. Elements 98%C.L. 



TABLE 44 

USGS Stream Sediment Samples, Brooks Range Terrane 
(bas'ed on 179 samples) 

Values in PPM or Percent (as noted) 

Minimum o r  Threshold Values 
t o  qive i nd i ca ted  confidence level  

Level Weakly Anomalous Anomal ous a t  Strongly  Anomalous 
Element of a t  90%conf i dence 95%conf i dence . a t  98%conf i dence 

Detection 1 eve1 1 eve1 1 eve1 

A g .5 0 0 0 
A 1 --- 
As 2 0 3 9 4 5 50 
A u 10 0 0 0 
B 10 192 21 0 22 6 
B a 2 0 1315 1468 1611 
Be 7 2 3 3 
B i 10 3 3 4 
C a 5 00 6.86% 7.95% 8.96% 
C d --- 
C o 5 3 7 41 44 
C r 10 158 173 186 
Cu 5 74 83 9 1 
F e 500 9.98% 11 .O% 11.94% 
Ga - - - 
K - - - 
La 2 0 77 84 90 



TABLE 45 

MIRL Stream Sediment Samples, Brooks Range Terrane ,  1977 
(based on 58 samples) 

Values i n  PPM o r  Percent  ( a s  noted)  

Minimum o r  Thresh01 d Values 
t o  g ive  ind ica t ed  confidence l eve l  

Level Weakly Anomalous Anomalous a t  S t rongly  Anomalous 
Element o f  a t  90%confidence 95Xconfidence a t  98%confidence 

Sf' 
Sn 
S r 
Ta 
T e 
T i  
v 
W 
Y 
Z n 
Z r 

Detect ion 

20 

1 evel 

2 2 
8.94% 
104 

12 
142 

1238 
10 

703 
4.01% 

12 
10 

132 
118 
6.66% 

10 
2.42% 
123 
291 
7.08% 

3638 
- _ 2 5  

1.55% 
50 
44 

2001 
323 

10 
37 

347 
10 

9233 
10.0% 

47 
120 
353 

1237 
1 .25% 
1 04 
447 

55 
566 

44 

1 evel 

2 3 
9.78% 
109 

13 
150 

1425 
10 

723 
4.57% 

13 
10  

152 
137 
7.22% 

10 
a 2.50% 

128 
341 
7.78% 

. : ,  -4123 
2 6 

1.65% 
54 
49 

200: 
328 

10 
39 

356 
10 

9280 
10.0% 

48 
135 
3 63 

1292 
1.36% 
123 
456 

56 
663 
4 9 

1 evel 



TABLE 46 

MIRL Rock Samples, Brooks Range Terrane, 1977 
(based on 116 samples) 

Values in PPM o r .  Percent (as no ted )  

Minimum or Threshold Values 
to give i nd ica ted  confidence level 

. . .  . Level Weakly Anomalous Anomalous a t  Strongly Anomalous 
Element of . a t  9OXconfidence 952konfidence at 98%confidence 

Detect ion , l  eve1 1 eve1 1 eve1 . 

10 
600 
10 
10 
10 
10 
10 
6 0 
10 
2% 

roo 
10 



TABLE 47 

M I R L  Stream Sediment Samples, Brooks Range Terrane, 1976 
(based on 52 samples) 

Values In PPM o r  Percent (as  noted) 

rg Minimum or  Threshold Values 
t o  g ive  indicated confidence level 

Level Weakly Anomalous Anomalous a t  Strongly Anomalous 
Element o f  . a t  90Xconfidence 95%confidence a t  98%confidence 

, Detection 1 eve1 1 eve1 level . 



TABLE 48 

MIRL Rock Samples, Brooks Range Terrane, 1976 
(based on 15 samples) 

Values in PPM or  Percent (as  noted) 

Minimum o r  Threshold Values 
to  g i v e  indicated confidence level 

Level Weakly Anomalous Anomalous a t  Strongly Anomalous 
Element o f  a t  90%conf idence 95%conf i dence a t  98%conf idence 

Detection 1 eve1 1 eve1 1 eve1 
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APPENDIX 111 

Trend surface plots of the geochemical and geophysical da ta  - 
Drenchwater Creek 
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DRENCWATER DATA - - CU CONTOUR 

PLOT NO. 2 DATE 01/05/79 TIME 1 'I 



\I/ DRENCh?AATER DATA - - TREND a3 , R E S I D U A L S  . . CU -- 
/'I\ PLOT NO a 2 DATE 01  / C 5 / 7 9  TZME 1 I 



DRENCI-WATER DATA - - CONTOUR . PB 
PLOT NO, 2 DATE 01  /135/79 TIME 13 



\ I /  DRENCWATER DATA - - TREND #4 ,RESIDUALS.  . PB 
n\ PLOT NO. 2 DATE 01  /05/79 TIME 13 



\I/ DRENCHWATER DATA - - CONTOUR . . MO 
/h PLOT NO. 2 DATE 01 /05/79 TIME 15 



DRENCHWATER DATA - - TREND ~~,RESIDUALS. .MO 

PL0-r NO. 2 DATE 01  /os/79 TIME 1 4  



\ I /  DRENCHWATER DATA - - CONTOUR . . AC 

/I\ PLOT NO. 2 DATE 01 /05/79 TIME 12 



DRENCHMATER DATA - - TREND # 4 ,  RESIDUALS.  . AG 

PLOT N O .  2 DATE 01  /05/79 TIME 12 



DRENCHWATER DATA - - CONTOUR . . ZN 

PLOT NO.  2 DATE 01 /05/79 TIME 1 4  



DRENCFLJATER DATA c TREND # 4 1 R ESLDUALS . . ZN 
PLOT NO,  2 DATE 01 / O W 7 9  TIME 14  



DRENCHWATER - - CONTOUR . . MAGNETIC 

PLOT N O .  2 DATE 01 /Q0/79 TIME 16 



\I/ DRENCHWATER - - TREND # 4 ,  RESIDUALS. .MAGNETIC 

PLOT NO.  2 DATE 01 / O W 7 9  T I M E  16 



DRENCHWATER - - CONTOUR . .POTASSIUM 

PLOT N O ,  2 DATE 01 / O B / 7 9  TIME 1 7  



DRENCHWATER - - TREND H 4  ,RESIDUALS. .POTASSIUM 

PLOT NO, 2 DATE 0 1  / 0 0 / 7 9  T I M E  1 7  



\I/ DRENCHWATER - - CONTOUR. .THORIUM 

/h PLOT NO. 2 DATE 01 /O8/79 TXME 1 7  



\I/ DRENCHWATER - - TR W D  *4 ,RESIDUALS. .THORIUM 

/ I \  P L O T  N O .  2 DATE 01 ~ 0 8 ~ 7 9  TIME 17 



DRENCHWATER - - CONTOUR . . URANIUM 

PLOT N O .  2 DATE 01 /08/79 i TIME 18 



DRENCHWATER - - TREND a 4 ,  RESIDUALS. .URANIUM 

PLOT NO. 2 DATE 0 1  /08/79 TIME 18 



DRENCHWATER CONTOUR.. .TOTAL COUNT 

#' PLOT N O .  2 DATE 01 / O W 7 9  

1 1 

1 ! 
i 

T I M E  



DRENCHWATER - - TR W D  1 4 ,  RESIDUALS. . TOTAL COUNm 

P L O T  N O ,  2 DATE 01  /L3B/79 TXME 1 9  



APPENDIX I V  

Geochemical analyses, sample means, ranges, 
standard dev ia t ions ,  and anomalous samples - 

Drenchwater Creek 



Or OOOOOOOQCOOOOOO OOOOOOOOOOOOOOO 
OOOOOOOOCOOCCOO OOQCOQOOOCOOOOO 

a o o o o c o ~ ~ o o n ~ o o ~ ~ o ~  aotuenocoococeoo 

> ZT CCCQCCCCCCCOCCC CCOCFCCOCFOCOCO 
e ha ccooaocccccccoo ccccoccocc~cccco + a cocccoccccoccco ccc~cooccccccco 
LL! - * * ~ w a e o ~ * e ~ o r o o  e * m o r 8 * 0 m * e m o m o  
Z OCCGOCCCOCCCOOO C C C C e m C C d - d G C 0 0 0  c ~ O ~ . C ~ ~ ; ~ C L C ~ G - C L T L T ~ ~ C  c ~ e * 4 ? 0 r - r \ & m ~ e - w e  
I- 4 d Cd m+.-.c-d 
C r 
CL 
0 

CCGQCCCCOOOCCGO 
c G C C C ~ ~ C C C ' C C C C T C  
OOCGOGOOCCCCCOQ 

. . . a .  * . * * m * * . * .  
COOGQCOOOCOOCQC 
Ccc_CCn.%'L't~CGc.;c.m 
W r - . . f ~ h ' t n b ~ u " , G  t%LFh..t4Clj 

4- - 4 - 8 4  



0% OOOaOOOOOOOOOOO 00000 
5a 0000C00C0000000 COOOO 
a ooooooooooocom~ m m m m o  

aa ococoooooooo~cc ccooo 
a oooooccooooooco coooo 

A - - ,,. GC00COOCCQOCC00  CCGGC 
L - L  c c c c c c c c c c c c c c c  ecccc:  
a OQOCCOOOOCGCOCC COCOO 
" * . . . * * . . * * . . . . *  . a m . *  

COCCCCCOQOCCCCC CCGOO 
V.aC o F h F < C h F U < U P .  K G < < h  
K Q & ' ~ ~ Q ~ W O + f T f i C N F  fl+NN* 

C C 



C 
4 II 
r, - - 
6 >'? 
I- 
(II 

> 
w I- 
U LL' - z 
Tl k 

I- 2 





O C Q + C O O P d  20 A W f l  
C C L r . N C C O d 4  L L O O O  
C K P - ~ ~ I C I O ~ ~ ~  7 r--, m m o ;  

I I 

c : 

LL' 
> 
w 
LL 

I 
> 
I- 
LL, 
z 
C 

z 

t 
m 
I 

.E 
I 7  

II 



0 a 0 
0 0 0 

0 . 0  

0 0 0  
* e m .  
N N N  









O C ~ ~ C C C O O G ~ C C O ~ O C ~ O ~ C O C O O ~ ~ ~ . C ~ N ~ . C C Q C C N ~ ~ ~ ~ ~ O ~ ~ ~ ~ ~ ~ Q ~ ~ ~ N  
C C C ~ O ~ C C O O C G O G O C C O C ~ Q ~ ~ C C N ~ ~ ~ ~ ~ ~  rmWrrlN+dO;U.mW+-4 
C O C C O C C O O O C Q O ~ Q C Q Z N ~ L ~ W ~ W ~ ~  C C I n F I N d d  r *OC0000 
o C c o c C G m s e s c & ~ e m v ~ d d  CCCCOC • 
C F Q C C ~ ~ N ~ ~ ~ N ~ ~  dCCOOC 
C L c c L T . r n 6 l ~ r . 4  
d 








