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HKAVJC iilKL'RAI, ANALMS OF £Kl>IHFtriYlor ROCH3

OF HCXOWHH ALASKA

AK-itV.0?

  Sh* l-.'av;/ Oil Unit or ths *Jaltc-l ^.isa Gcclojic^l Turv^ h*-i-3 bvo 

ii^oL-tI^*t;Uu th«-3 ^culo^ of &&Y^1 ^eti-cO.'-u^ Ho^orve TIo* lj, northofn 

Alaska. Ao part of this pro^rar^ h<*-«.v/-n5.iv:ral ctLv^oa v*cr« prot>ai'tid 

fro-:i core}«> or th«5s toot v:cl3.s wvi core holc-o teid studied to dcterjaiivo 

E trail 0ix/jMc correlations. Uoiri^ iho JfolXof.du^ criteria j (X) pret 

of dia^iivst.lc *almr«0.s or irdmrra euitcaj (2) relative nbundanco o 

epoclfic tJ»io^0.fl; (3) de^reo of r^unaii^ of rdneral i^-aAns;. (l,) 

tincvJom &s to grain jTon^j ai^ht li<;i*vy-;:<lii«i'^sl iioixjs II&VQ boon 

ni&od in 3rJL«esio^ Jurassic^ Crotucoolit}, and Qii^irtcrjrjax 

rooks. Cojrrolations based on theey 5>-^nc-s fii*^ fthcim* Source aroaa 

rooks arc dij3cuss,>4 in relation to gecdo^ic hie tor/ t&l gerKjsis of 

Kososoic &!id Qu^rtoriua1 aodir^ntixry rocks f



Naval Petroleum Reservo Ho, I*, Alaska, is an &wn of 37^<X>D square 

isdlcyj the boundaries oT which ure ehc^n in plaU> 1. In 1923* under th«j 

lis-rdin^; /,du3nts'l-yuti.on the fa^orve >;<a;j; withdrawi frou public entrance. 

In X&lt, Uw Gffiea or Kav^-. rotro&oun Uostrvcs, IU f>. Ifev/* ^C^n ir^-'as 

-ns of petrolc\vii potontislitdus, !£}io litivy Oil Unit of tfio U. S, 

c^l ^urv\v v:a3 g^;:it?ivid tho t^>;;k of etu-V^^ the geaL^^y of thy 

Eu'^onlracts weru let Tor tin? ^o^^uicel towrk a»-l drilling* 

ring tho past ^^.* year^ Huriorous coro touts art! tost 

<SriX1t:«i In Kaval i^ctrole^n T&sorvo X^, li, jihis pap5^r presents 

r^axiLts of a jsiao/ to corrolato, bv us*> a? b?fivy mnori^ls, »tr*Atigr 

horlao:^ ir» sc^-3 ot th<-- core tests itiv.? test v«olls in t!w 

CitipSvrt, IfoUvtj Ficb Gy.'«.-ok, Topt'^wu1.:, Ikxido, iu\d Ousaalik H 

In addition tJioo-.: corrals til «i«;s rsy h«"-3.;j to cltr^fy atrati^ra^iic rala 

shlpa fin.l t!\a gcoXo^c history of Hav^-d i^U'-'olc'iua Reserve Ko 4 li a

prior to lpi;9 Qualitative ho&vy~*.d«t?ral studios h^d boon done bj 

£rnc&t H« L&tbx*ain of tho JJiwy Oil Unit. Tljrou^i ^iis cocpo'ration^ and

with th« j>oriiitfBiOi\ of Fialplt L. llillnr, Chief of Utu Jfavy OiX Unit,
/ 

Urdtod States Oeolojlcfel £ui*voy, 8dtoj>lo tar^^riixl t<as isadxj fivrd3L&blo for

a detailed qunntitativo ctu^y to b<3 utod 4ia a l&ui tail's th<*J3ici. Unpub­ 

lished i^-olojic reports, well lojs, geo^ysicftl data, poloontolo^Lo data, 

and O3J. portincnt JLnfor«aution irer^ Kado evoildbla to tiio autiiur. OrateJCUl 

appreciation is extcivled to Misa tf* H. Eckstoin, United States Geological 

Survey, for editing the Honuecript.



mSIOORAPHX A/D GW^i, OKOLOGJC HISTORY

lo^f.ph£.   Sor thorn Alaska i&tf bo divided into three physio-
 

Er^jfcic provinces £ra«: north to scittu: th« .Arctic Coastal /Main prvvinco, 

tSo Arctic Fcothjlls province, and the iroo^s Hen^o prcf*iney, (f,e-s PI. 1«)

13 ia /rcUe Co^.yt-O. Plidn in a H^i tundra tiix-a Kith tliDun^iidD of 

c?£&llo.^ 3ftk-'^. ^loi': v ; its ftouUxra tor-v.r a:%u a fcr.: hills, nor;^ of ^-hlch 

c^cood JjOOO jve*>t in *&t?.tu£o. Vho fin^r,! r^>}fcCll Is $-7 i!3d;ey. licjiy 

ctvc^r-js d v ain tUo rc^iuu tut all cru elu.;^l;;h eiiid laoastcJcrlrt^ v^iih braided 

chram^-ls* l-ct-t or the cirvc..4 Muter is derived £3.^04 tho J&jltinj of vdr*tcr

' In t;K^ Arctic Fuothill^ px^oviT.ce Ilia linear errwi^q;i*5Rv of hill 6 is 

controlled by the atruciuroas in the u:vtolv<i^; jfol<i:d mid fcu?fc tr><j Uosoxoi 

s^JiA:-niar/ ro^kiu 5'he^'j structure:! ir. (;ener< 3l sl?.'il:« ec.bt, V1;o Colvj.'j.,i

uch most of the Arctic Foot!d,ils beCcre it tur^s nprth to e:ipiy it^to 

the Arctic Ocean, She laslji chajinsl of the Colville Idvor i?> braidod., ay 

arc* cono of the trdtutaries, but oaiy ot tljo smaller e treats have utcop 

gradients. In tho Kortliera section of tlio proviso Uio naxiiiacs dltituUo 

of bills and ridges io 2^000 foetj in t^io uoutJicrn section tho fcmuaun is 

KOTO than 3>OOD feut.

71i(j nEOtit3u?a dtitudo in tho Brooks Ranjo ja-ovij«« Is over 0,OjO foot. 

fho crest of tho cfist-trtrndinj Bixgkj) Han^o is tho divido between 

to tho /xctic Cceon end U»o eoutli-n.cr.diij iiatcro of the lukon Valley.



Major folds end lar^e tJirust faults trith resultant displacements to tho 

north produce a eot^&ox structure within tho laountains, *£}n$ contact of 

tho ov«£'Uirust Paleozoic rocks of tho Brool^j Hai^a with Mesosolc rocks 

in tho foothills coincides with tho northern boun^ieiy of ti:o Jjruoks Har^ 

provliice. Tho ctt-iko of mjor etiiicturcs is c^-st,

Bi*oobj- ftanje pix^/lnca, Arctic FoothAllj; province^ &id Uic couthcr*a poi*1> 

of tiio /rctio Coastal Main province Kt& ocaipic;d by a ji-Jijor esst«trending 

goosvnaj.iiH;.* At its east-era cndp its ftxit si.-un^ coiiU) to join t^io Cordll- 

loraa coosynclij». lido gcOGyncliivJ roc-oivyd ncdiacnts priiaarily fr«va e 

northerly eourco throu^Jsout tho paleozoic* A thick section of Dovomaa 

aid Carboniferous ^c-rliiicntary rucks constitutes tho i^ijur part of tho

j*irj0 the oc.rly Ivie^.o^^Io cr<^ eudii^ints accuml^ted in 

thJckru.-so in tho /rctio Footliilla region but in losaor thickness near 

Point B^rxv.-/, Ifcu'inj tliiB tit^j complex folds eiid thrust firults woro 

^'K?, i^iieous j-UDoca CLylaccd, end uplift occurred in tho IVooks llar^o 

late as Kt&ly Croi«ui^cit0« 51ii3 uplifted &rc& bcc&a$ the oourco for

Crct^cooua *md tertJUuy eetUuaitt* tliet ttore d pOf>5,ted nortJi of the 

iiiis* Sheco yomyur rooks coixoist of nonr^riiia JToruiations that grade

into laurJLm faclcs 5n the Coast-'il Pl&iii region.
/

A Tcrticry orojcry further deforced Uio J^rool^ !2anjo» Pon^ 

nvjoy uplift^ a»l erosion by stream m.<! ^l&oicrs follovred. 

Brooka Hon^ K{i3 the cite of aXpiivi glaciers during tho Pleistocene,



whoroas tho northern part of tha Arctic Foothills and th<? Arctic Coastal 

Plain provinces wer^ not covered by glaciers, Uhs i&antlo of un

d-atcd £ravf;l that c-y/ers nc-st of the coastal plain in port w- 

gl&cicl debris*

An irpv,ous boy of dioritic co::oocltioa about >J ull^s lore is

at 157° «    }^X>* £<>° K. Int., tBot-bvJ- oC cj'.L=vdtic ecc^osHIori occurs &t 

Hjli° K. lonj.j 65-^0 » K, lat. / third ij&riU::!vo rass, altio of granitic

-^jiibly c«r balholytic dj.i'cnf-Ioirj ia c^pwijod In tho l&ii-il

Bills fejvi dJJv-:;i i^^o inlrudcu alor%; iv^jur Jftulta and 

:ros ttuxju^iutt tko ]'i*uw>*tD H&r^c* H»o /^drd ^cuntein granite, th« 

diorite, and thy Kafie cille aixt dik< 0 aris of Kcoosoic a^e.

A bac;.-;.; ;-;nt coryl^x of prc~Devonl<au pl£r3':H* 

K&vtXl pctroVjun Pccorve &->  k* I" tho l^rro*- area* no phovon in drill coro-j, 

rocks of Trlfisttic i^;o overlio tho bas&jcftt co: ,;>5 *!:*:; couth, in Ti>pa^oi*uk Test 

Woll Ko. 1 late P«'i!fcosoic rocks lie abovo tlict besament coi^lex. In teat 

volla at P&rr^*, Ca>x) Sir^paon, and 'jfopagorulc, tJie Kin^ak ahalo of Jurassic 

a^o has been identified icro^diataly abcr/«? the triasslo. This unit ie 

entirely narino, and canoists of black @haln, ellty layers, and 

ironstone Ionises,

Unconforiiably above the JuraDslc rocky era Crut-aceous 

smrine and noiiaai'in*? eandbtoii.^ and sliiilo. Tno eandstones art? nodoratoly 

to wcll~ir;<iurat<3d lo*?-rank grays/acke&; tl/o grains ero ftn^ular, and rar^y 

froii vory fans to very coaj'^o, ^he Cx-otacooua ©yiilwifl has a Kaxisaiia knv*?m 

tliicknees of about 13,000 feot &> ndlea couth $f Fish Greek Test Wall No, 

1, At Point Barren the eyat^a is about 2,000 feot thick.



g on the eroded'fc*rf*co o£ the Cretaceous rocks is the Gubik 

f oration of Pleistocene a^e. The Gubik foti.v..tion ranges in thickness 

fruM very thin to a nufcdLuu.;* of 12J foot and o^n;,:*ntrs or ^'«vol and p.f.r/i. 

Ths grains arc predoudnanily v/oll roanded. Tho top of tMr. formation io 

the present lp-riil surJTace, Peloontolojlc investi^ationr. havu been extensive 

&:;d «'i^c-n of the urdts in J'aval Potrolr u:-t r«r<-rvo No, li w.xo T«e3J. established. 

Ynb3.o 1, wi-y; 7 .f^o-vis t*r.«: etvMti^r^ ,hlc nc^cnclc-U-re.< *.  ^ i < *-"   

H.AVY-'.tnr^j, r?ni):»*r,

Ciiia.jlo p/**ijx ration

, Bocc.\;^o tl;o i^ijoritv of Ec^bi-iiint'i**/ ro^ks i»: !&v«Jj. P<jtrolf:u^a Itcnervu 

Ko. ); fr-ji.1 i.'fdch U.o hr-av^- ;aiik'ivij, Gc.; :;-plnn ^i'c obtalnod ttro graywacla-'S, tho 

C^apling tocilii)i«;u\v is ftn iwpOivtit^t fi.cl^r in det^rLd^ results. The &ri£r~ 

waolcos reproKOJit poorly sorUd t'cdi^ntfi; tJif^c-roro a jspc>t sa^xlo xould ii 1- 

cluilo O;^.y tbi#.-<? iJj^ricilri dopouit^d u*.vk.r the pariictdar hydr£:L5lic condi­ 

tions rcprfcjsciil'jjil by the tMekuoSo of tiw sa^lc-. A co;4^osite of eoveral 

cpot efi^ilcc, havevoi^ Vfoul-i includo a lm^-,cr varioty of tiino'rals do;>ordtod 

under varying byclrc.iilic conflitionr* A Bir.iiler not retult is attcinod IT a 

length t>f tlrill core i« disaggregated mid a, heavy-mineral Traction sc|>»ir<ite«l 

fraa it. Heavy wtihtu-al cox^o cariplco fron the test wells and core tost wore 

therefore* prcjparod in tho follofino ngtiuxr, A 10-foot section of euidctom? 

vas cored; frora this about 6 foot of coro v."ca the cvera^ recovery. Several 

Bjaall auctions o£ tliis 6-5o-^t coro weix takon, in cdTfe^t *i canpooiU* of tho 

cored interval* 'Xhc co-ivxxjlte aaraplo i/^o thon disa,^,^e^uto^ an shown in Di.j 

Tloif ehoet oia pa^e g.

An adequate heavy ^dnoral fraction could be obtained from thcao coo~ 

posite eaEpl&B* The fz-action waa quai'terud and aounted in a suitable 

 lide with Canada balsaa (»U,5l4) or aroclor (m.66).
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UNTi?.L) iViV&Y-S GEOLOGICAL Ct/KV..'/ JOMKBAM/B U^CRATGRY

crush',-,* ^t-jiJsvori.-i. 

2. Split in J3iVj/.-r to tv^roxi
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t^c-yles were obtrdncJ. frca the following ivolla and core U-sts; South 

ov; TfJ-i-t V,u!ls Kus. 1^ 2, and 3j kittpy.,»n Te:;t *.-clj >b, lj Sir^soji Core 
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Ĵ 

| 
«-

i( 
* 

K
.J 

i-
 

£_
* 

| 
J.

JI
* 

r?
 

*

^
_
^
 

1
 

*
-
^
 

J
i^

 
^
-
 

;
''
J

|I
 

 
'
 
'
 

» 
, 

*
"
 
*

 
/
 >

 
' 

1
( 

*
t 

*
! 

 
^
 
1
 

f
^
 

^
P

 
"
*
 

-
C

*
 

^
 

' 
tf

 
%

 
*

 
>

.-
' 

, 
--

--
- 

( 
"*

 
T 

*
*

>
 

"
*

 
( 

*
"
*
^
 

J

^
U

*
»
 

^
"S

 
'i

;'V
_

1, 
i
:

I'
,4

 
f 

, 
1 

'j
',
J
m

 
*
*
*
*
*
 

* 
fc;

\
 

| 
1 

J 
'- 

:-
"
  
 

f 
J, 

' 
~

*
t 

f
f
y
 

*
T

l

j 
I 

i 
' 

i 
1 

; 
i 

' 
! 

' 
: 

' 
1 

t 
i 

| 
I 

  
> 

' 
i

: 
« 

t 
i i

 : 
! !

 1 
i '

^
 W

 «
 
^
; 

Si
Si

S 
!.K

} 
.
-
 

i 
>

: 
» 
;
;
»
;
.
:
 

- 
  

» 
: 

j 
  

> 
*V

 
c 

' 
i 

« 
; 

; 
« 

i 
I 

,v 
; 

; 
.- 

! 
; 

t 
V.

 ^
I 

* 
. 

: 
1 

* 
{ 

! 
i 

i 
i 

i 
: 

( 
; 

( 
; 

, 
i 

! 
! 

}
? 

.
.
 

» 
:
;
 
»
.
,
 
 
 

; 
i 

  
.- 

, 
s 

, 
i 

! 
! 

\
f 

I 
^ 

\ 
1 

i 
  ' 

1 
i 

' 
i 

  
. 

; 
  

; 
; 

5 
, 

.' 
', 

^-,
 

is
? 

i 
N> 

j 
< 

' 
p 

» 
 , 

i 
i 

: 
; 

; 
t 

' 
, 

- 
. 

£',
t;s

 
^:

 
^ 

, (
=7 

*
i 

-*
 -

' 
? 

i
i
i
'
.
.
 

,
:
 
,
/
 
'
;
-
 

. -
N;

 
r 

j 
W

 
j

v 
t 

v 
- 

* 
* 

> 
-. 

, 
; 

  
, 

, 
  

. 
; 

. 
  

I 
s 

o
 

1
, 

' 
-
. 

-
'-

 .
-
 

' 
,,
,

;
J
,
*

! 
^
^
.
A

-
J
 
,
»

 
'.
,
,
,
' 
J
 
.
 
^
J
 

  
, 

, 
' 

' 
' 

' 
  

, 
' 

,
'
 

 
 
>

 
.
 
 
 
 
,
,
*
.
 
,
,
.
 
 
 
 

<
j 

| 
1 

  
r 

.
,
.
;
.
<

 
,
 

i 
4

» 
i t

: 
! 

M
 

M
 

: 
; 

: 
! 

: 
! 

^'
; 

'i
 

;i
-
 

^
"

< 
<  

9 
. 

\ 
\ 

\ 
. 

- 
. 

: 
' 

> 
. 

  
; 

v^
x:

 
K

 
i 

-    
s 

^>
3 

^
 

? 
j 

i 
« 

i 
; 

< 
:
-
}
>

:
-
.
;
 

-  
 ;-

-? 
- 

-
I
 

  
* 

« 
« 

s 
s 

f 
I 
;
:
>

/
,
-
;
 

- 
. 

J 
} 

i
; 

! 
' 

c 
i 

: 
-. 

i 
 >  

j 
'
}
.
}
>

'
.
 
 

  
  

* 
- 

; 
' 

i
^ 

  v
> 

! 
; 

' 
'! 

; 
: 

; 
;
;
:
-
.
' 
 

v,
u>

, 
1 

'- 
r?

 
J 

rv>
 

i 
i 

v>
 

I 
:
;
 

;w
» 

i 
» 

,H
; 
:
,
;
;
 
 
 

,c
-:

-n
 

£^
; 

; 
v-3

 
j 

<>
! 

!
i!

'*
 ; 

i 
: 

f 
. 

i 
' 

l 
;
-
,
':
' 

i!
 

1 
i %

K
i 

t 
.
*
,
 

, 
^ 

. 
^ 

. 
. 

r, 
^ 

, 
, 

t
t 

; 
i 

v 
t 

  
i 

' 
' 

, 
» 

T 
'
«
 
'
 
 
 

j 
 >

 
5 

f
?
'
 
;
.
!
 
;
.
'
'
;
'
'
 
*
 

i 
 : 

» 
. 

j 
S 

K.
 

> 
v
t 

  
: 

' 
' 

; 
{ 

   
« 

! 
- 

! 
. 

' 
,.

 x
^;

 
! 

i 
; 

^-
 

i 
W

 
^ 

X
? 

( 
'- 

- 
  

» 
-1 

! 
  

J 
, 

  
. 

  
; 

' 
V

i.y
?;

 
i,

 J 
» 

*?
, 

t 
»v

 
t

" 
i 

's^
' 

: 
  

. 
i 

f 
- 

i 
 ' 

i 
t 

, "
""

 "
 "

 ; 
r*

'-
 

i 
* 

  
*"

 
| 

' 
i 
!
'
 
#

:
,
,
«

,
 

f 
:
;
 

( 
;
 
;
 

: 
» 

i 
i
:
 

» 
C^

> 
;

» 
t 

; 
 
!
'
 
,
 
 
"
.
 

j 
; 

' 
' 

; 
5 

* 
. 

» 
i

i 
  

- 
; 

i 
  

i 
t 

; 
k 

; 
, 

; 
. 

! 
1 

' 
; 

; 
1 

i 
' 

; 
: 

. 
; 

! 
1 

! 
' 

? 
: 

; 
M

 
i 

: 
j 

i 
; 

; 
i 

i
' 

' 
; 

  
i 

1 
' 

! 
i 

t 
  

  
  

, 
: 

i 
if 

1 
i

' 
' 

! 
' 

: 
: 

» 
! 

  
) 

j 
t 

i 
*  

! 
' 

? 
' 

'  
' 

i 
1 

  
1

| 
? 

» 
; 

- 
» 

f 
i 

I 
! 

t 
; 

i 
i 

« 
«_

 
< 

» 
; 

i 
  

f
* 

! 
i 

; 
! 

1 
; 

5 : 
i 

i 
1 

5 
J 

i 
[ 

  
\ 

', 
I 

' 
;

j 
| 

: 
'  

. 
: 

! 
, 

: 
s 

1 
1 

<  
i 

c 
^ 

'. 
» 

i 
» 

i 
j 

!
! 

1 
J 

, 
« 

. 
. 

f 
( 

j 
i 

; 
  

! 
j 

' 
,' 

' 
i 

: 
i 

r 
t 

i 
' 

5 
, 

f 
1 

t 
' 

i 
* 

. 
i 

'. 
; 

i 
1 

i 
f 

; 
' 

f 
, 

I 
i 

  
' 

i 
f 

; 
i 

' 
i 

' 
- 

: 
> 

l 
i

! 
; 

i 
1 

J 
l 

! 
I i

   
I 

: 
! 

j 
i ;

 »
. i

 ;
 1 

i
! 

» 
' 

i 
i 

i 
  

i 
-' 

  
; 

' 
! 

- 
! 

? 
' 

[ 
i 

I 
i 

j
J 

I 
5 

. 
f 

' 
; 

' 
5 

', 
. 

i 
J 

. 
, 

i 
f 

1 
| 

i 
} 

|
i 

; 
; 

  
, 

 , 
. i

 
! 

i 
, 

; 
{ 

* 
   

: 
I 

i 
> 

; 
{

' 
i 

i 
< 

; 
: 

« 
i 

f 
1 

i 
i 

: 
I 

> 
; 

, 
i 

1 
f 

J 
f 

{ 
t 

   
» 

i 
} 

i 
j 

S 
» 

i 
: 

i 
i 

f 
; 

! 
j 

{ 
» 

» 
t 
.
:
»
:
!
»
 

f 
j 

f 
  

. 
' 

t 
  

i 
i 

I 
5

f ' 
  

1 
i 

; 
  

  
 , 

' 
! 

! 
f 

? 
; 

; 
: 

; 
t 

i 
; 

» 
t

', 
: 

; 
] 

i 
1 

 ' 
! 

' 
| 

,< 
; 

' 
' 

  
. 

j 
: 

  
; 

\ 
'  

I 
I 

i 
i 

   
I 

1 
' 

i 
' 

I 
i 

; 
I 

. 
; 

" 
! 

\ 
\ 

\ 
t

' 
>

''
"
>

,'
.>

 
! 
-
.
*

 
:
;
,
,
'
'
 
 

j 
!
 
»
,
;
 
.
 
»
'
 

 
 
'
 
,
 
;
»

.
 
$

;
 

;

! L
I w i 5L »-? o c *-> c  VJ

I fO c 4 O I O c M H I r>



f? i $ < &

G
ar

ne
t 

g
ra

in
s

la
l 

z
ir
c
o

n

G
ar

ne
t 

g
ra

in
s 

li
il
 a

ir
co

n

G
ar

ne
t 

g
ra

in
s

4s
 1

 z
ir
co

n

la
l 

ft
lr
co

n

Zo
ne

d 
z
ir
c
o
n

et
ch

ed

e
tc

h
e
d

et
ch

ed

.,., 
....

.. 
...

. 
.

o
'

O
 

c
*

§
 
^

P «

I 
§ v*

j

O
vo

id
 f

ti
rc

o
n
, 

to
u
rm

a
lin

e
 p

tr
is

ia
a
tlc

 
bl

ea
ch

ed
 h

or
nb

le
nd

e

..

to -<
t

vo K

i

ll
 

' 
,: ^

 *
i 

<~r 
* 

; 
!

j 
' 

: 
'

[ 
V

J
 

j 
H

-

' 
* 

! 
< 

J

; 
-
 

- 
jW

|*
0

; 
-:

 
j 

iv
v
v

! 
( 

\ 
\

'  
' 

' 
;

: 
' 

! 
'<

, 
,

i 
! 

? 
;  

' 
* 

f
\D

 
' 

f 
'

^
 
 , 

1 
< 

!

SX
.'J

 
^^

} 
* ^

O
f 

* 
f

t 
1 

t

j j 
i

C
^ 

jfO
: 

i
i ! 

) 
!

i 
i 

; 

v>
 

' 
1 

IM
V

 *
*v

 
I 

f 
*.

**
* 

*
> 

->
 

' 
1 

iW
i 

; 
«

....
.. j

,;
,,

i,
.

* 
(

* 
i

* 
< 

(

i 
I 

 

i 
;

i 
;

i 
:

  
!

i 
' 

[_
_

f i ; ; j i i 1 i i i i |

.  
' 

! 
i 

i 
i 
j 

' 
! 

1
{ 

* 
' 

\ 
r 

; 
{ 

5 
: 

 :' 
1 

I 
. 

* 
.' 

1 
' 

\ 
f

* 
t-

^
>

 '
 

t 
*
i
*
 
i-
J
*
 

  
1 

j 
./ 
f"

""
 

^ 
t 

#
 *

«
* 
^
^
' 

*

1 
*! 

* 
j 

i- 
t 

J 
* 

1 
I

i 
n
 i

, 
! 

! 
1 

j 
!

V
»

 
';
 

1
«

~
 

V
*
r
. 

, 
V

v 
\ 

<
.,
 ,

 f
 
 ' 

j 
,
\
,
 

V

! 
: 

t 
> 

i 
;

'
;
 
,
'
 
!
!
 
;

H
| 

j 
p
,«

. 
,
v
,
,
.
p
 

p

| 
i 

> 
I 

i 
i 

( 
: 

J 
:

r 
"X

 *
\ 

**
-"

- 
*
 *

 
' 

(*
**

*,
.-

 
'"*

"(
 v

t.
 
. 
f 

* 
t*

-m
,-

 
1 

i 
i 

* 
\7

 ^
^
^
*«

 
' 

' 
*v

.-
 »

  
V

^
*
 

W
»

 
( 

j^
- 

> 
t 

i 
i 

1 
5 

1 
j 

i 
i

j 
*
<

*
?

!
;
.
}
 

(

  %
_-r

; ^
^ 
^
 \

 
^
.i

f»
*'

 
" 

' 
f
 

 "
" 

' 
*V

"J
 
t^

* 
' 

*
  

U
J
 

<-
   

  
.1

? 
j 
^
 

s»
. 

  
w

* 
^*

-i 
i 

f~
"

^
 1

 '
-'
 '

 D
 i

 C
* 

' 
"-

' 
S, 

I 
**

!>
 ^

^!
i?

i 
* 

' ^
 &

! g
, &

i 
1 

i 
i 

2 
} 

£?
< 

! 
j 

i 
?

I
f
;
 

' 
;- 

1 
1 

< 
» 

1

""
 

! 
' 

} 
' 

'<

«^
j. 

SV
A;«

^-~
 ! 

^
 

1 
cx»

1 
1 

S 
i 

'
: 

* 
' 

f

i 
j 

i 
i 

^%
 

I 
r 

  

CS
 

,'v
x\

*>
 , 

.'^
 

; 
l^

v 
i 

i 
* 

f 
u;

 
j 

u>
-
  
 
 
  
 
,
  
 
 ̂
  
 
 .
»
.
  
 
 i ,

.,
..
  

,
«

 
in

..

' 
c
i 

!

J 
MH

; 1
 ! 
f

i 
^ 

| 
; 

j 
1 

{ 
|M

! 
o
 

j 
H

i 
i 

i 
i 

r
-
 

| . 
">

3

, 
"" 

* i P, i c y c
* c? * H

^

| j
 

j 
| 

i 
j 

j 
i 

j 
j 

! 
; 

i 
i 

! 
' 

-j
j 

! 
» 

' 
t»\

3( 
1 

' 
  

i 
i 

W
iv

j 
1 

is*
 

! 
--j

 
t 

INS
? 

} 
ho

JH
j 

t^
X

j^
iro

 
-u

>t
vn

 
::G

lw
 ! 

s<
 

?
 

j
1 

I 
i 

: 
; 

- 
; 

; 
f 

i 
* 

' 
! 

cc
 

i
' 

t 
' 

} 
] 

; 
;
 
 
 
!
'
;
*
 

; 
|

i 
! 

i 
i 

I 
i 

i 
! 

: 
i

' 
! 

' 
i 

- 
M

 
?w

1 
]],.

!. 
.J°

j ! 
I.P

!
M

M
 

M
M

!
* 

i 
J 
>

>
' 
 
!
 

1 
*

..
. 

' .
«
!!
 

i  
 
 
 I  
 
 
 : 
 
 
  '  
 
 
 '  
 
 
 H

  
 
 '-
 
 
 -  
 
 
 '
 
 
 '

s?l 
iW

L 
1 ?

 t
 §

f 
' 

i 
i 

j 
f 

! 
»

: 
1 

! 
! 

i
  

i 
i 

  
 

Q O O a ft c to "S ^
 

o o



Gr
ai

ns
 r
ou
nd

ed

Gr
ai

ns
 a
ng

ul
ar
 

J*
*l
 a
ir
co
u

An
gu

la
r 
gr

ai
ns

An
gu

la
r 

gr
ai

ns
 

Ga
rn
et
 g
ra

in
s 
et
ch
ed

A
ng

ul
ar

 g
ra

in
s 

G
ar

ne
t 

gr
ai

ns
 e

tc
he

d

«t»
 

O
 

c*
" 

j 
c*

" 
' c

*'
, 

f^
 i 

*i
 

*"
i 

j J
.'.

 c
**

: 
X

1' 
<"

* (
  
  

j i
.-

>
 I
 '
  

W
 . 

O
 i 

O
 *

 
1 

« 
P

 t 
"*

  
j 

* 
* *

 J
S

 
I3

 %
»_

»-3
 

O
 

f~
 

' 
"^

 
' 
ro

 ' 
M

 i 
*"

! 
O

 
T'

* 
(-

* 
' i
l'
 J

H.
 

O
   

c-
 

O
 i 

&
   

-f 
*'

 ^
* 

i 
> 

I 
^
 j

 O
 ' 

S
 

O
 *

<«
 

I
 

i 
C-

 
^
 

', 
o

 
' 

 "";
 '

 r
i*

' 
I"*

 i;
"".

; 
' 

v 
' 

. 
* 

C
 i

 s
~'

*' 
O

 v
C

*"
' 

f '
',S

 !
 ' 

« 
! O

 * 
 * 

! '
J*

i 
I 

^
 «

< 
* 

CJ
! 

ti
. 

f*
j 

I 
»"

' 
- 

* 
  

 t
i.
 

' 
t 

! 
' ;

   
 '
 r

-v
' 

; 
fS

  
 

i 
1 

'. '
".

 ".
 t

?
 . 

*T
 

! 
! 

v
i 

v
v
-*

*t
3

H K> o* H c~
- 

c&

s & JS
3 o & O i1 , 

M ? C
 

O *r & O 1 O I
So
ne
 b
io

ti
te

 p
la
te
s 

ar
e 
a 

li
gh
t 
ru

st
 c
ol
or

An
gu

la
r 

gr
ai

ns
 

Ga
rn
et
 g
ra
in

s 
et

ch
ed



/n
g*

^V
y 

gr
al

i^
 

t 
au

gl
te

J 
^V

 
i 

**
 

, 
if*

*"
 

t 
j^

* 
i^

r1!
 

»  
i 

'
<

5 
O

 
! 

|N
»i

V
O

,fV
2;

 
O

) 
|H

!l
>

9 
C

| 
fO

if
O

» 
^
 

! 
M

 
- 

? 
5 

«-
.»

 
i 

! 
: 

{ 
  

f 
S 

i 
i

H
i

i 
* 

 ' 
i

i

* 
i 

!

i 
S 

1
 

S

*
i

§
 4

O
 

g
-

Ro
un

de
d 

gr
ai

ns
i

»

V
J

Ro
un

de
d 

gr
ai

ns

gr
ai

ns

gr
ai

ns

JS
 

1
1 

j

v?
 

1 
vn

.
i 

! 
! 

< 
i

JM
 

i 
i 

f 
I

.iV
-jr

o:
 

; 
if
o

: 
I 

i

' 
!

I 
£ 

! >
o 

  
I j

 i
 M

 !
 I

 I
 U

 U
J 

U
 I

 M
 U

I 
"~

-3
 

, 
""

si
 

j 
*
v
s 

!' 
I 

i 
fS

JI
 

1 
f 

? 
S

~
; 

V
t'
 

! 
»'

' 
? 

  
*-

 "
' 

**
~:

 
'  \

jk
j!

 
tT

*
'

} 
; 

  
  

! 
f 

i 
f 

J 
' 

  
> 

f. 
' 

v
"-

 
' 

  
. 

!
 >

 *
 

''*
";

 
-1

 
!

t 
. 

_»
_ 

-
 
-
'
-
,
!
 

T 
i_

 
^
 

* 
..,

..!
. 

.j
j
 

-J
T

,-
.-

^
 

.T
.-.

- 
..
, 

V
 

'^
-r

,-
- 

.-
.,

..
J-

.n
»
.'
 

;-
_
.!

 
,,
.-

'.
..
,u

-.
«
 

.^
'.
q

-u
.r

' 
m

.u
.''

_
_

_
~

.'>
-

o K

O  

r> o S-



PS 
£ 

£!*
 

f 
&

 
^
'^

iS
-j
S

'^
'P

^
ic

^
^
i^

^
lc

K
^
^
l&

fl
^
i'f

il
c
lf
fi
 

I «
*<

 
^ 

*&
R-

 
^
 

j 
, 

: ^
JQ

 I 
£ 

{ b
 j 

w 
j o

   
c*-

} ;-
*i

*-
j  

";!
 It

' ̂
J 

f*"
i u

* S
«^

 tf
?'

 £
» 
^
' ̂

 
{ 

£ 
A 

J?
 °

p.
 «*

 
i 

n 
{
"U

.'l
i1"

1! 
I 

i 
j 

'f
^S

'^
'S

";
 

I0
' 

^
; 

'iS
"!

 
1 

j l
" 

r^ 
&

 §
*

I 
!^'

 
i 

f; 
M

K
'"

! 
: 

i 
M

ai
r'l

 
M

 
i 

j 
; 

t 
I*

M
 

! 
? 

^^
S

-
. c*
 

f-* o fe

Ro
un

de
d 

gr
oi
ns

'

i 
t 

t

An
gu
la
r 

gr
ai

ns
 

Et
ch

ed
 g
er

nc
t

? 
1

o

An
gu

la
r 
gr
ai
ns
 

Ct
ch

ed
 g
ar
ne
t

Ro
un

de
d 

gr
ai
ns

* 
.
~
 

t

! 
I

>C
INS

:

S 
»

! 
!

» 
' 

"
\ 

* 
!

! 
t

rr
4 

i 
 

> 
» 

'
i 

;
>M

O

£ ' 
B c o c tt I

o c p. o a H
 

O
 

U

Ro
un

de
d 
gr
ai

ns
S

K 6
i 

1

s
 o

An
gu

la
r 
gr

ai
ns

v>
{ 

»
t 

i

f 
I

f

o H
1

Jt
ag

ul
ar

 g
ra

in
s

H
q j

f 
j



1

R
ou

nd
ed

 g
ra

in
s

A
ng

ul
ar

 g
rf

ld
ns

E
tc

he
d 

ga
rn

et

A
ng

ul
ar

 g
re

ln
o

E
tc

he
d 

ga
rn

et

A
ng

ul
ar

 g
ra

in
s

E
tc

he
d 

ga
rn

et

A
itf

ul
ft

r 
pr

ai
ns

E
tc

he
d 

ga
rn

et

A
ng

ul
ar

 F
ra

ln
a

E
tc

he
d 

g
ar

n
et

^
*

 v
^
 

*s
? 

^ 
l"

^ 
' 

"""
' 

'' 
*-

* 
' 
^
 

  
* 

* 
* 

' 
^
 

{ 
'"

' 
  

C
/*

 ? 
- 

v 
r 
^
 *

 ;
",

 $
  *

*"
 ^

 ^
 t

 
i 

* 
*-"

"* 
fc 

<*
*)*

 
*^

* 
*

S
 

; 
c
 

I 
i 

| 
| 

' 
t 

1 
1 

\ 
t 

! 
; 

j 
J 

; 
i 

» 
! 

  
^
 'i

 
^
 

'
a 

i 
?.

 
! 

' 
' 

» 
' 

i 
' 

; 
; 

! 
! 

i 
i 

' 
i 

! 
i 

! 
f 

1
i 

! 
i 

i 
'  

M
 

i 
i 

* 
, 

  
! 

  
< 

: 
t 

i 
i 

! 
1 

1
w

 
{ 

! 
, 

K;
; 

j 
| 

1 
i^

; 
! 

. 
i 

; 
i 

; 
; 

!^
| 

i 
| 

! 
g 

l
^
i
 

! 
' 

M
 

\ 
» 

j 
M

 
J'

l 
i 

M
 

:  
! 

! 
M

 
i 

M
 

i
? 

J 
; 

r 
i 

i 
! 

» 
j 

' 
j 

 ! 
s 

< 
'  

i 
1 

f 
? 

| 
? 

|

h
 i 

| !
 i 

! !
 ! 

i !
 i 

j !
 h

 i 
| !

 i 
; P

. 
| 

j
^
 

!|
M

 
i 

^M
 
J
 

^M
M

 
I 

! 
} 

; 
, 

J 
i 

i 
:-x

: 
.*- 

$
c^ 

S 
1 

i 
! 

| 
! 

T!
 

r 
i 

| 
! 

: 
i 

M
 

; 
i 

! 
! 

p'
; 

"" 
! 

!
1 

M
 

! 
' 

; 
i 

: 
' 

: 
; 

; 
1 

! 
! 

| 
'' 

; 
o 

] 
: 

t5
 

' v
> 

- 
W

 \>
j ' 

« 
1 

i 
! 

M
 

» 
  

; 
  

M
 

I 
; 

! c
* 

' 
'? 

* *
5J

; 
1 

>
' 

. 
> 

 * 
(j

cr
 ;

 
t 

L
*
 : 

* 
' 

' 
« 

! 
! 

' 
' 

,' 
j 

| 
' 

J 
O

 
  

-^
 

^
 

  
' 

1 
f 

! 
! 

i 
 
 
:
{
!
;
 

? 
» 

; 
} 

i 
* 

* 
'

(O
 

-1 
5 

S 
; 

: 
: 

i 
; 

- 
; 

( 
I 

: 
; 

1 
' 

'' 
C

* 
  

^
 

; 
fO

 
,

r**
~' 

^J
* 

>-
 

***
2t 

  
s 

* 
T 

l
*
«

v
-
'
 

i 
' *

* 
> *

*s
^ 

i 
* 

* 
*

^ 
i

6 
' 

^ 
i I 

' ~
' 

I I 
; 

! i 
! i 

1 M
 i 

! !
 

r'2
 

°
I 

j 
M

 
| 

| 
j 

j 
| 

i 
| 

i 
; 

M
 

; 
L

ip
 

$
 

!

w 
i 

M
"f

° 
i 

r!
 

I 
I 

^l
 

j 
! 

M
 

! 
i 

'"^
l" 

i -
 

|
,- 

- 
- 

i,-
,, 

,,
>

 ,
,' 

\  
, 

; 
, 

! 
, 

-; 
, 

' 
! 

*
-*

 ,
-'

, 
- 

---
« 

--
 -

-*
- 

' ,
 -

J -
,, 

"-
-' 

?
i 

j 
<

-
"
' 
{
' 

i 
 
'*

 
'"

 i 
'» 

M
 

I 
} 

! "
,.
'"

""

o
 

cw
 

 , 
| 

! 
i 

! v
j 

M
 

^ 
M

 
» 

M
 

» 
» 

s 
i 

w
 

j 
M

 
M

 
! 

1 
! 

5 
i 

M
 

i 
M

i
| 

i
i 

i 
  

» 
' 

( 
J 

» 
i 

' 
; 

J 
{ 

1 
' 

J 
i 

S 
) 

t 
; 

» 
J 

< 
' 

! 
j 

; 
' 

i 
1 

' 
' 

^ 
J 

» 
' 

! 
' 

| 
' 

* 
' 

I 
! 

' 
-, 

« 
i 

i 
< 

?

1 
' 

i 
I 

i 
i 

! 
i 

!'l
 

1 
1 

t 
! 

i
i 

i- 
i
l
l
 

i 
i 

M
 

i 
j 

i 
i 

M
 

M
 

! 
! 

i 
! 

i
! '

 
'""

 
! 

'! 
j1"

 
""!

' !
 
 
 
  "

"'
 

" 
!"

i "
 !"

."
 

i 
i 

i 
f

i 
' 

! i
 

! M
 

i 
i i

 M
 

i f
 | 

!
i 

s 
$ 

s
i
' 

M
 

'?
'}

;
,
 

* 
j 

\ 
i

i 
I 

I 
! 

! 
! 

'
M

M
;
 

! 
i
f
 

!

! 
M

 
i 

1 
1 

i 
i 

M
 

! 
! 

| 
i 

! 
t 

' 
i 

i 
i 

' 
.  

! 
i 

! 
M

 
i 

j 
i 

i 
j 

| 
j 

{ 
j

: 
1 

: 
: 

if
 

  
! 

i 
   

  
' 

1 
I 

i 
! 

! 
i 

I 
j 

ji
 

! 
i 

\ 
\ 

   
\ 

\ 
I 

s 
f 

  
i 

i 
M

 
I 

i 
I

o* p»
 

o

i 
p

c ** 
  *

«
O

 
0

8 
S

C*
 

H
-

* 
O

 
M

 
O

0
 

£ o p» g 5 £1 1
1 

j^
; 

s  s o 0



2. Heavy lainorai composition of well by percent

Well Kara - Slqpson Coro Tes

£&o:>lG depth 
_£%JLC-°J*1 __

fc OP'15

0^-t

Zircon
5'UlliWilil.Ci

trcv'u
greeni ,3yML.rz

Biotit-o
t.UJiCOVitO

Chlorito
 THrSIr---

Fpid.oto

3iM5£ZrZ~II

Total percent

total grains 
counted

610

B 
 jp~

93

. _?_ -

   -   -

221

0

GI-H 
~~

2

2

3
3

"~"~:T j

ij-

101 

337

i.

I.c

t HJ. i:
700

7
2

2
3

3
iic>
2i()

3
3

1 ^

100

^

t

7^9 

Cl-H

67
2

771*

62
T

2 5*
1 1

2
£

" 5

" ~T~

^

b
a

1

-U?..

U>
i

693

Gi-!!

3^
n

 2-T'-i '

|

2 !i
T
i'

9
li

  - -    -

100

b
f

10
2

li' "6 ~

..   , __

_20_ 

1{>3

h

i

/i
-li

t5
IV?

ZIZ^Z, 
  IJ 

101

*sJ

OW!

Hi
1

3
1

2o
6

6
30

97

i^

1

1066 

CJL-H

~jT~

... JL_

*i!

3
2.';

6
6

II1IZ
 .«_.
^__ Jjf _

3U5

i



 dSO

CO181

1 
. 

! 
- 

« 
_'......__:.__.:.._ .__:_.'...»...'_ 

L. 
._

..., ..._
., 
.
.
.
.
.
.
 

. 
. 

.. . 
. 

... 
.. . 

..

i

* 
J 

, 
> 

* 
? 

'J 
s 

  
1 

i 
i

i 
* 

: 
; 

; 
» 

  
! 

« 
: 

! 
  

| 
5 

f
1 

» 
' 

j 
! 

' 
v 

'' 
i 

S
i
r

1 
M

 i i ! i i j ! * M
 i 1

i 
? | i ' | M

 | ! i i j j j
1 

5 
i 

f 
1 

>   
? 

! 
! 

v 
! 

i 
  

i 
!

t 
! 

| 
? 

: 
; 

' 
* 

i 
   

j 
1 

' 
M

 
I 

j 
i 

* 
| 

. 
. 

' 
| 

» 
: 

I 
. 

* 
i

I 
i 
;:: 

i 
:
;
 
!
!
':
 

i 
! 

i
i 

i M
 1 i ! i I i i ! ! I !

\ 
' 

> 
! 

« 
i 

' 
  

I 
i 

S 
J 

i 
1 

i
i 

i 
: 

I 
f 

i 
f 

' 
! 

, 
. 

» 
' 

i 
i

! 
M

 
! 

! 
, 

i 
: 

i 
i 

' 
: 

< 
'

I 
f 

  
- 

i 
i 

' 
i 

i 
{ 

' 
: 

!

! 
i 

M
 

' 
< 

! 
: 

; 
i 

j 
f 

; 
i 

i 
.

e 
 
>

,
}
!
;
 

s 
i 

? 
^ 

;

1 
i 

i 
1 

! 
1 

> 
> 

\ 
I 

1 
M

 
' 

i 
!

^
 

I 
 
 

! 
! 

( 
1 

i 
t 

i 
! 

i 
i 

<' 
, 

' 
;

!D * 
v
 

» 
« 

i 
* 

> 
* 

* 
   

; 
i 

* 
' 

; 
  

>
3 i 

^ I04501! ill; bsj 
h

 M
 !

»"» 
f 

*3
 

{ 
". 

 , 
{ 

j 
s 

j 
;«

;<
*
j 

| 
; 

< 
; 

,

. 
! 

F 
f 

j 
i 

1 
! 

f 
i 

f 
1. 

' 
1 

i 
. 

) 
... 

I 
.

Of%iT
*t

0S

1 
'  V

 a D

" 
""" ~ V

 
""; """ "*" " "' 

«" " i 
"'" "i 

~
' 

' < 
; 

' 
i

t 
? 

: 
1 

f 
t 

< 
i 

1 
' 

; 
' 

'  
1 

\
£1 

1 
f 

! 
; 

? 
f 

j 
1 

' 
.; 

5 
i 

« 
f 

; 
J 

1 
C

N
JxH

f 
' 

' 
* 

f'-«^ 
' 

!O
 <M

; 
1 

i

"^
 

f 
/ 

! 
i 

i 
; 

t 
i 

' 
i 

- 
i 

  
J 

J

rf i^l j ! 1 i ' i ! ! l M
 i I

°
t 

! 
! 

! 
! 

: 
i 

s 
i 

! 
t ; 

' 
i 

i-
r-I 

! 
J 

i 
» 

1 
« 

; 
* 

' 
j 

1 
: 

» 
j 

!
V

 
  

f 
< 

< 
| 

J 
? 

! 
* 

  
'

?i 
f 

i 
I 

i 
f 

*   
f 

1 
' 

i 
» 

;
C? 

' 
= 

'f
ir
 

* 
'' 

' 
' 

' 
1 

?,' >
'-- '<

 
? 

*

^
 

r- i 
< 

15 i i t ^
 1 S

 ^S
 ' -. S

 i^' *?
 S

 '  "  \ o ' 
>v o* | **^|3

 |S
 jS

jb
^
l^

^
-;' v J

'^j.-?
jf5

f§
j^j4

j

o 
j 

v*w f-ri 
p

 i 
1 

t 
"-r1 i""' *p* (X. :  ^; ;.c' , o.«? o   ~j

tt»
 

{ 
O

 ji'-i si-* i 
1 

'  
(»

  «
%

i; 
^4

 \^
 

r-*i ;^»
 -,.~i ;>

i 'il.

| 
! 

^ 
f

! 
1

_j_i_ _
f 

< 
»

III

1 
1

: 
'

| 
1

i 
;

< 
t 

!' 
*

i 
i

1 
! 

* 
,;i 5

1 
I 

> 
>

.

  
' 

i 
! 

:<A;cvt
i 

t 
; 

j 
[

: 
)

j 
(
^
 

!  
t

! 
1 

!
' !-?
' i*» ; 

"

.i

.' 

1

.

.t * «i *
4i

:

fO

' 
S 

^
t 

*T
i

'i 
1? 

.-I i 
£t

"N
5 

X
-
P

 
j 

*»
^4

*'-^ - 
r-t 

 H
i 

"b

o3

S 4 *d 3
<> o

"
u
^
^
L
 

V

«u
V*j3

 a*i«*3«y

.

ta
v
~

3
 J*Ift2»V

1



6'..

Su
bh

ed
ra

l 
ru
st
 c

ol
or
ed
 b
io
ti
to
 f

la
ke
s

An
gu
la
r 

gr
ai

ns
 

Et
ch

ed
 g

ar
ne
t

An
gu
la
r 

gr
ai

ns
 

Et
ch

ed
 g
ar

ne
t

An
gu

la
r 

gr
ai

ns
 

Et
ch
ed
 g
ar
ne
t

i 
s

^'.
 J 

(  .
! ;

tw>
 ' 

; 
  ?

j* 
i ^

 ?
   

*  
 A

! 
j-~

* i
rr 

i $
»"«

' <
" 

c^-
! !

'  '
 ' '

 -'
''*

*j'
 *

i j
 ^

 t 
*"":

* c
'* 

c*
" 

\5
J 

'/*4
' ^

 '' 
'>; 

s '
" 

^ 
' w

 
c*

1- 
cs

 ' 
r~

f i-
*1'

 c
 - 

c1
'! 

tf
' r

* 
I Q

 ' 
.' -

'  
|

! 
\/

\

c
 

S 
S

c
¥

«
ii:

fj-
-?

!w
< 

) 
  

1 
iS

Jc
"!

 
M

 
! 

{

- 
5g

Iw
o
i

f*~
 

j f
c-/

1 
I
 

18

o

H
 IN

?; 
|\

^;
so

0
 
D.

'V
 

I w
i 

S
 

U

O

o c © R °

* 
) 

v 
*

-'
-J

 
r-

'v
V

 
S

 
* 
5
 

i

I 4 BL O O o <* H-
 

C

An
gu

la
r 
gr

ai
ns

 
Et

ch
ed

 g
am

ut
si
rc
on

i 
J

j 
I 

-  r
c«

fs
j

A
ng

ul
ar

 g
ra

in
s 

E
tc

he
d 

ga
rn

et
zi

rc
on

8 
i

' 
»

i 
i 

;««
 

M
M

M
 

vr
t 

»
f 

r 
rr

-

r 
gr
ai
ns
 

Et
ch

ed
 g
ar

oo
t

\9
.

I J
 !

f 
i -

i
«

?
1

H

An
gu

la
r 
gr

ai
ns
 

Et
ch

ed
 g
ar

re
t

I 
? 

I 
  

« 
» 

i 
' 

i 
' 

* 
r

M
 

M
 

M
1 

' 
M

$ 
in

! 
1 

??
 

M
 

?u
~*

;
" 

'*
 i

w
sf

 
' 

' 
' 

i^
>-

^ 
»"vi

* 
< 
fi

-i
i 

**
P 

- 
*- 

A 
t 

w
 

v>
 

j
t 

M
 

M
 

M
- 

 
! 

! 
i 

i 
« 

M
 

:

8

Et
ch

ed
 g
ar

ne
t

IL
J

r



fable 2, HC&V/ or well j percent

Ys'ell Ka*23 - Sii^spson C

Sample d^pth 

Hosvy-rd t j oral

/!/jl i\:Oll
!i'oaru;ili no

brcs.'ii
  -S- 

Ba.OuI.V-O
i^uscu'v'itc 

"CktcFf to

6l6

cii-:i 
30
6

5>_..»_..
iv

| 10

ore Tos^

707 

 6iT"

i
2

_JL..

1 3 1 ^'
1 "A?uOi).usitc £ y S'

/ \ "l .«,».; ?  (  ^ v^ - 1 1 f* 1* ^

Epidott;

RiitJlo
Amia;>u

TlorF JbrdnHo"

'i 1X1-?-^; J.t'G.... .«. .« ,^.^-. ..

Totol pcrcont 

counted

JL

-    --   -

10? 

1*00

*'j

--     --  

i^OO

Angular grains 
Itched garnet

 

' !»/ » "I '.* !«O« J.;i

""la"" "~
k
t

_ JL ...
if' 1*

10

10
i

~i?---

97

Angular grains 
Stchod garnet

(cont'c

G1-J!

3

7
- --

*i'
ao

7

la
i

 X

102 

J/JO

i) __ ̂

Gl-H
.__ .....

6

y
  X 

l
fi'

^

11
6

  ?~

101 

i -d
P" 4^

i t'v
* M

~i~-

0

6
- - ^  

3
^

11
 -55 

3

  -     -

~®~

hoo

H 

^ M

   -    

   ..   

-       

------

      

...       

.     ._

    -    

--    -----

  -    

     

[ir~

[ZZI7
tzri

.. ,«:    



St
tb

hf
td

ra
l 

ru
st

 c
ol

or
ed

 b
io

ti
te

 f
la

k
es

*~
.j 

I 
**C

 
I*

-';
 O

: 
tm

' r
~c

   
^ 

  t
r">

 !
X

K
"';

' £
<.

 ti
>J

 C
* '

* 
'-*

 ? -
 i

 *
vj

 
, 

I 
*>

-"
15

sT
!o

 !
 

I
C

* 
ft

 
;'.

«:
.,!

 >
,  

<~
 X

~ 
" 

" 
! 
  
 '

 '
" 

W
-* 

 f
*'

 i
~ 

 -
*'

; 
:-
'

( 
£.

V
 *

 
.' 

; 
* 

! 
^>

"»
sj

O
 i

-.,
 

f 
« »

» 
J 

ft
\

_
. 

* 
*~

' 
  

j 
. 

j 
*-

 
i 

 * 
; 

 -' 
 

- 
''
 

J 
-v

 *
  

J
 

.- 
 -'

' 
i 

< -
  

». 
' 

L 
> 

^ 
: 

' 
' 

^ 
   

' 
^ 

. 
i 

^^
«*

 
« 

V
^

O
 

C
*
*
 

* 
C

*
^

 
' 

^
^

 
',
V

 
T 

*
"
' 

^
'*

 
' 

''
' 

{-^
1"

 
' 
'-

*
' 

**
- 

  
i 
1
 *

 
"'

 
'"

  
-*

" 
  

^
 

: 
/
*
 

? 
^

(
 

' 
-
' 

; 
,-

 <
* 

i 
-^

 
* 

/*
»

 
1

^
*
W

 
T

'l

g
*
'*

, 
< 

/'
 '
 

{ 
'*

' 
"'. 

 "
" 

i 
^
-"

',
1

 
*-

 '
 

I 
'"
^
i 
'"
''
 

^
*
 

i-
"»

 
C

' 
i 

i-
' 

i 
O

 
' 

C
i 
;/
."

 '
. 

O
 
j 

> 
: 

( 
~

* 
f 
O

 
1 

J^
J 

i 
K

 
T

^
 

} 
J
"*

* 
F

;*
f~

* 
j 

, »
 

j 
,;i

.';
 o

 ' 
C

-'"
 «

-J 
  '

,»
 .

 
  
. 

;-
 )

.;
_

 <
 * 

 ,' 
i <

"-
» i

'j 
t c

.' 
  '

**
" 

'., 
" 

C
*j

?
!5 

* I
*?

*" 
?  

* O
 :

'"'
 

* O
 

*»
 

! 3
 "

-«
j

M
* 

f'
 

O
 

' 
i 

;~
 i 

O
 *

 
>' 

' 
* 

' '
 j»

' &
 ' 

'  
^ 

"' 
' 

I '
*'

 * 
*^

 I
 f

'v
.' 

' 
"
f
t
 

c*
* 

t"

, 
. 

M
 

* 
i

; 
M

 
J 

M
 

M
 

f

o ca

> 
»

N
O

*.
x>

f 
!

jtD
gu

l*
r 

gr
oi

ns
 

E
tc

he
d 

g
ar

n
et

' 
r>n

i- 
i~

< 
* 

i 
r 

' 
i 

* 
' 

' 
! 

> 
7 

 
<

;
(
!
!
 

P 
*-

»
to

 
o
 

t 
:H

 
i 

1 
7 

? 
i 

iw
- 

; 
f 
^
 

>' 
M

 
i 

M
u>

 1 
2

j
o

 
O

 
j 

jO
lf
O

i 
i 

*-
3'

 
,'
-;

-^
; 

4J
N

J-
ifC

iK
! 

' 
, r

c,
 

;*
r;

C
;"

*;
 

8
i 

» 
* 

' 
' 

l 
i 

M
 

  
' 

' 
* 

M
 

M
 

j 
* 

i 
; 

'j 
iJ

An
gu
la

r 
gr
oi
ns

Et
ch
ed
 g
ar

ne
t

ir
 g

ra
in

s
E

tc
ho

d 
ga

rn
ot

* 
au

gi
te

 
1

 
C'

i

*~
« 

> 
« 

*
»

*
 

1 
| 

', 
  

>

o
 

f 
\o

 
; 

,^
>

f 
» 

t 
r
 \

 
* 

."  
  w

^
 
' 

. 
X

. 
>

 
, 

-
.
.
(
.
,

"H
:

vx
 

I?
 

o

B 
! ^

' 
' 

* 
'' 

O
 

*

» 
? 

; 
* 

S
 

{
« 

'  
.'»

N
 

" 
' 

I
-J

s3

^ 
_
_
_
_
_
_
_
_
_
_
.)

.,
,.
'-
-r

.-
..
'.
 
-,

«
_
,!
'

r^
Ja

J
-

J^
{

"i 
I 

I 
! i

l 
I 

; 
I 

' M
I 

I 
i 

! 
i 

| 
| 

! 
i

i 
f- 

> 
\ 

\ 
\ 

I 
  

j
M

 
M

 
! 

M
 

!

M
M

!
\ 

\ 
. 

» 
i

* 
! 

i 
i 

!

o c  5 ^ * a H &

So
bh
*d

r«
l 
ru

st
 c
ol

or
ed

 b
lo

ti
to

 f
la

ko
a

f
-
 

' 
,M

 
I 

* 
' 

' 
t 

| 
j 

* 
v 

'. 
I 

J 
i 

! 
 

<5
 

i 
o
 

J 
1W

>3
 

' 
5 

M
 

J^
lr

^ 
;M

cS
J 

»
8 

i 
c 

i 
n

 JM
 M

 f
 I

TM
 i

 i
 ;

 -I
 ;

vn cs
>

Ou
bh
ad

ra
l 
ru
st

 c
ol
or
ed
 b
io

ti
te

 I
Xa

ko
a

V
S

 
}

i 
f 

M
 

! 
! 

i

ir
 g

ra
in

s
Et
ch
ed
 g
ar

ne
t

0

  
; 

j 
f 

M
M

i 
\**

\ 
I

j 
* 

» 
i

j 
O

 
i 

 <
}

v
 

? 
vo

-
i 

x 
v>

4w



C
on

ta
ad

na
te

d 
by

 c
hl

oc
rl

te
 

E
tc

he
d 

ga
rn

et

~ 
2.

 
°.

 
r
^
s
is

o
i'
d
r
r
^
 

:H
-,^

 
i

fi
 

c*
- 

rt
» 

* c
*

; "
' 

; v
{ 

s H
 i

 ?
.' 

i <
-* 

  
-*

  
'-'

 ;
 !

- 
 *

.»
 

v 
 ', 

c>
 ' 

f~>
 ! 

O
c
 

tt 
i 

t'j 
> a

'jr
; 
!r

 I
c 

<«
*h

-'*
'  
 >

i-
' o

?';
-;

'O
i '

»!
< 

;'-<
- .

. 
cr

<m
c
 

S-
4 

> 
;-

' 
- r

r 
j C

 
c'

 '
 :

;'
"
  

( 
;-"

i f
- 

^J 
  -

-i
 '1

 
r 

,- 
 ;*

  *
  -

,'»
:

S
 

I 
:*

-!
o
 

>v
 ~

- 
"J

o
 

c*
 >

< 
*>

 !:
=:

{»
 " 

<i
<-

S 
>

 ;
-"

"
c-

^C
^ 

' 
*n

 
! c

* i
 c

 
^ 

. r
t 

'""  
I c

 \'
"?

 t 
r?

-'
1"! 

ic5
- 

v.
 c

: 
«-v

"   
 ; 

^
o

^
 

I 
T"

 
!i

!:
r3

J«
i>

;' 
! 
r
 J

C
H

-'O
 

j^
i 

M
^

- p
e

%
 

! 
»
. 

i
'

  
' 

* 
- 

-t 
: 

i*
*

f-<
- 

I O
 

ft
. 

H

 '
1 ft

 c « 
-  J o ft o c ' to

tf' cr

A
ng

ul
ar

 g
ra

in
s 

E
tc

he
d 

ga
ru

ot

If
^i

^M
y 

gr
ai

ns
 

E
tc

he
d 

ga
rn

ot

5
v>

v
!

g"

i 
8

i 
V

J
,0

>
3

;
}*

 
i

o c f
t

i 
*

E
tc

he
d 

ga
rn

et
 

1*
:1

 s
ir

co
n

o
1V

X 
;

!
x
 

c
tfl r, g

An
gu

la
r 

gr
ai
ns

Et
ch
ed
 g
ar

ne
t 

U:
l 
ai

rc
on

I
 

1 
t

. 
! 

'
IN

>'
H

,
Cc

* 
jC

M
W

fO
f

i. 
! 

i

i 
!



"~
^
 1"

 ^
""

T
" 

  
*

  
- 

i 
~

"
j^

j 
f 

r 
i 

I 
> 

"T
 

1 
j 

' 
1 

T 
j-

- 
-s

- 
-\

  
r- 

- 
~ 

' 
j

Jr
 

' 
H3

 !
 

»-5
 

t»
-v

!c
.!:

r. 
T

it
r.

 ~
!!

N
:;r

t; 
r.

 ^
\ 

c>
^:

 f
 n

: 
i 

j 
iK

's
ci

O
' 

:~
| 

r/>
O

 
C

 
C

 
It

 '
H

jO
-V

,'
. 

~
 

.C
 { 

C
 J*

CJ
 {

 S
";

 ;
5 

f ^
\ 

<r
 : 
^
. 

K
-i

 
f, 

?<
5-

iJ
'{

->
' 

JM
 

C
>

-v
f3

1 
n 

«vT 
r 

jst
j^i

sfc
isi

 ^
rf

p^
iH

^c
^^

lo
'H

W
^^

c^
^c

 s*
i^"»

§
^ 

I S
 P

 
^ 

j§
S^

!2
!^

:'^
S&

iS
^i

^t
l^

'^
!^

!£
|>

^^
-!

'^
^;

^ 
^*

^ 
v^

u 
*^'

 
r^h

4<
 2 

- P
' ̂

!""
 ^

'^
'^

iJ
'lj

^i
H

i^
l^

^'
jS

^-
J-

iS
 

f 
i" 

^.
H

 ^
,

^ 
i 

^.
 I

 
* 

i 
i 

! 
? 

^ 
» 

f 
  

* 
* 

! 
\ 

I 
\ 

t 
I 

> 
? 

5 
' P

i? 
^

t-* H

I c 
.

So
bh
ft
dr
al
 r
us
t 
co
lo
re
d 
bi

ot
it

o 
fl
ak
es

i 
C1

I 
* 

**
 

.

[o

o

i !
 r

r-
i

« 
' ^

>
Sf

l
8 o u

I 
1 

» 
« 

3 
1

5
 

' 
] 

i 
'< 

i 
: 

' 
! 

t 
< 

i
f 

f 
i 

» 
i 

i 
i 

M
 

« 
« 

  
j 

: 
* 

^ 
, 

«
,
.
.
«
;
 
'
»
;
 

I 
{ 

i 
«.

.. 
I

; 
; 

: 
; 

'  
: 

: 
  

; 
t 

  
; 

P 
H

1 
t 

  
. 

" 
I 

'  
> 

» 
f
^
, 

: 
9 

! 
>

-\

1 
i 

*

? 
» 

i 
i 

: 
t

» 
: 

; 
< 

t 
f 

t 
i

t 
f 

} 
« 

: 
: 

J 
*-

 
» 

* 
i 

t 
* 

> 
i 

f
S

1 
« 

{ 
1 

'< 
' 

t 
  

5 
I 

' 
* 

* 
|

}V
X

'<
I|O

 
i !*

O 
51"

"'*
 

  
I 

i4
*3

' 
'W

'l
 

;' 
?

i 
j 

j 
s 

| 
* 

« 
{
*

?
*

 
 ' 

5

I 
« 

"  
! 

i 
* 

! 
t 

i 
j 

i 
) j

 
1

O
 

'
; w

 \T
:

» 
i 

' 
i y

> 
J 

?^
t 

i 
M

<-
 ' 

* 
»^

T 
.. 

1 
- 

5 
* 

 {
 

J 
t 
-j

 
i 

}

'  
! 

: 
» 

» 
< 

i

 p- »  ̂g1 g o



*» 
c
 

o«8&
 

^
 

II



00?ops

Zoned

Cr

cot

<>

Ctc
t 
Y

ct
t _ !

i::It?ot
"~p ^u ?- 

7%

&&
K'-TO

oeoc

U-TO
a_ ;'v^
HIo¥

ii'jcfop Gtcfc'
T **



& 
^ 

o 
i 

c 
i H

-< 
'--'

I c
 kv

  '
~. 

i c
*''

 b
M

 
O

r
*
]
 

«.
 *.

 
'c

*
;'
^
-^

 
H

tf
e

 
-*

!>
 

§
 

S
 f

M
 

£
  
i^

£
i^

c:
-:

T
!i
';
l

fi
, 

to
 

' 
*i

 
' »

C
jr,

;. r
^i

"*
'! 

' 
\ 

*"
" 

f*
 

j 
^
i&

t 
1 

l 
]

*«
 *

 
*o

t 
? 

I 
rL

 
f 

=* 
* 

* 
*

r- f*
i 

£
 

5 
<

f 
* 

J 
»

^?
 ~

,'».
' r

%
""

'zi
",'

! '
 \ 
^
"~

j^
 ' 

 \ 
 

 C
'i 

C
T

 ' 
J-

'"*
 

'^
 i

 *
l 

, 
; 

* 
i 

I 
j 

' 
*
  
:*

*
 J

 *
*5

 
{ 

ij
 

  
^
^
 

M
'

C 
; 4

~:
.'

''~~
'- 

' ;
 

-;,
; '

,- 
; ?

'-,
 C

" 
n
 | 

fT
i *

'* 
I r

 j
 o

 !
 O

 *
<

 
*^

 
M

 
r*

;  
:-

\ 
n
 .- 

j.
.;

 <
 ; 

^
;;

-»
' 

H»
]  

r*
; *

^ 
i r

.- 
i 3

 
r>

 
t:;-

 
! 

»-
*  

O
- 

rV
.:

;'-}
 i

r^
it
-1

-, 
O

tc
*!

 ^
' 
'^

J
O

i^
' 

GJ
 

*t
 

O
 

I 
v^

i f
^^

 <
5 

«
r*

| 
| O

 |
 O

 |
 <

*; 
{ ;

s 
* :

 -*
 ] 

| 
H

» 
j 

O
 

D
.

J
--

?
^

1' 
' 

I 
 
 j

 
5

^
( 
^
?

Q
| 

c
 

!v
^
*O

  
, 

; 
I, 

; 
i 

! 
i 

! 
I 

*$
 '-

 
r*

H

St
oh
ad
 g
ar

ne
t 

Zi
rc

on

JC
tc

ha
d 
ga
rn
ot
 

Zi
ro
oa
 i
:I

Et
ch

ed
 g
ar

ne
t 

Zi
rc
on

St
at
ed
 g
ar

ne
t 

Zi
rc
on
 l
ul

§
M
 
W -

VT
,

'i 
i

M
 

M
 

M
I 

\ 
f> 

'*
i 

J 
i ~

^*
*

I 
I 

 : 
i 

! 
M

H
1 8

M
!

«» «* s? 0 BC
 

C

' 
i 

i 
s

I 
g- o

! 
i 

t
'
<
>

:C
k:

!-
')
 

;t
V

>
li

; 
M

 
M

f
O

ac 1 O ' A
 

H
-

O I* a «r O Ci
 

OJ "S

Et
ch
ed
 g
ar
ne
t 

Zi
rc

on
 l

li
l

Ze
at

d 
ml

rc
on

' 
I 

!
 

cr
?

\
O

* 
{

* 
»

i
! 

I 
1

5 
i 

LJ
 

L
J

  
  
4
M

«
M

W
«
M

IM
»
^
«
W

M
M

.M
M

«
k
.]

M
«
M

«
^
«
«

; 
! 

f 
f 
n

H
jr
o
i 

J5
~t

I 
< 

' 
f

*:
r"

Zo
oe

d 
mi
ro
on

Z«
&

ed
 d

re
o

a

H C
o

5 
i

f 
i

M

t
M 8

! 
i !! * 
\

T
7

i 
!.

!. 
.'

i r
pi

» 
i 

$ 
}

w b

Zo
n*

d 
ai

rc
on

» 
*

M
 

M
 

M
i 

?
i 

o



ff fi"
c
 

«*

r
v*

ts<
  ;

- 

0

r"
' 

! 
L7

 ^
 O

 / 
C*

" 
X

S

Pj
if|i

|ip
i

^-
i

.fi
 

iM

8 
S

ift

; 
^i

 
w

i 
O

 
W

f
3

1 
!!

 *
 

»
»
J
. 

f
l

f 
p

J 
I

c 
a

w t» § i  S ff JV H
 

<?
 

to
 

C
*

53
C 

O
 

M *-
»

« O o li

9 fy
»;

* £
 

I & f & n H
» f O
 

t5 «J &
'

Z
lr

oo
a 

(m
on

ad
)

*-
" 

t 
I 

» 
J

t 
i

£
T f

I 
i 

f
j 

t 
I

, 
iV

*?
Jc

!
K

't 
*

i 
i

Zo
af

td
 z

ir
co

n
M

'

I 
it

^ 
t 

\

. 
i 

* 
I 

t 
j 

s 
? 

j 
; 

» 
i 

i 
,5 

t 
i 

; 
;t 

i 
* 

!. 
' 

v.
 

i

M
M

?
 

S
 

i 
H

} 
[ 

j 
j 

-! 
j 

« 
f 

:
» 

» 
} 

* 
»
^
4
 

* 
: 

?
M

 
i 

I 
M

 
?C

?*
<!

!ro
; 

!i
1 

I 
* 

! 
f 

' 
5 

'
» 

4 
* 

t 
! 

i 
j 

J 
3 

»
j 

t 
» 

f 
* 

M
 

M
 

M
I 

* 
i 

i 
i

1 
i 

i 
J 

i 
' 

I 
i

O

J
i 

i
i 

5s
.

{ 
T

«
-

\\
0 ife

-S ur- ca  i
Jf

tg
lU

I 
i 

!
*

* ,o
> \x>

' 
o

ov
oi

d 
pi

nk
 f

ir
co

n
 

«A
ug

ite
8

t ! M
 

M
*M

 
M

 
I 

i
or

ei
d

 p
dL

nfc
 a

ir
co

a
s

s
e

M
 

'I
i 

!
>i 

'M
!

.'i
 

S
«K

f 
I

i 
i



2* Heavy sdneral composition of well e&aples in

Well Itao - l&ads test Well No.

Sanole depth 
(in feot)

^RSJTOS.^ ^*». Mfc^U-maH..!!*  »» ! % Jl« «I.,.L«, -

^-sli'icraj 
jpno

Garnet

Picotlto

Chlpr^-t^_ 
jlriciaTajsit^ 
^CJa^^itoi ri
K^id^lo^ *"
""ZoirltfT^ 
"MirtHo

a

T

"T

II" 

1(T

Total gralna 
counted

percent 100 

300

Romarka

a

10

65

ner-

101,

.

101
rn,   *»  <^»

Soo





' M

0
E-

tota
l 

pe

i 
r>

i 
£

! 
? 

H
sr

i o

o 
^ 
o
o
o
-
 o

°
 vi

KM
 "-

"! 
"i 

* r
 '

*
'

1 
M 

S
if
t 

U
s?

C
jH

i?
£
JH

 
J?

C
iS

I 
I

o t; i i S 0 <* HS

H
I S- H
*

O
 <

W <» 5 <i & o

L
ar

ge
 H

ak
es

 o
f 

M
us

co
vi

te
 

E
tc

he
d 

ga
rn

et
 

flf
llp

i^
 »

i

! U
: 
o

11
, 
o

La
rg
o 
fl

ak
es

 o
r 
nu

ac
ov

it
e 

Et
ch
ed
 g
ar

ne
t 

r 
gr
ai
ns

i 
!

t 
i 

>
L

_l
_J

 
i 

L
_L

A

cx
1

* 
fl

oo
d 
of
 c
hl

or
lt

e
i 

i 
i

f
f
f
!

W
?

k
- 
t

^^
 ^3

^ 
<*

8 H
» 

c* H
» O
 

Cf ff sj: &
 

M to
 5s* I » <D <
f: ht
 

o o &
 

a
 f
lo

od
 o
f 
ch
lo
rl
te

 «
 _ S"

I 
! 

s
c £

\A

Ay
ig

M
\a»

 g
ra

in
s

V
Q

f
*
*
s
 

f 
< 

f 
s 

I 
;

!
i
-
j

II
 

I 
' 

i 
I 

i 
I 

i 
! 

I 
j

^*
»i

 
n
J
w

 
J 

  
? 

i 
i 

! 
! 

r 
1 

fa
IN

?!
O

C
|

J
'. 

$
s?

S 
!

fO o
J

K
te

he
d 

ga
rn

et
 

A
ng

ul
ar

 g
ra

in
s

V
i U

H O s
X

to
na

d 
ga

rn
et

 
A

ng
ul

ar
 g

ra
in

s
V

)

« 
i

i 
i

o
 

M

f
C

tt

It
ch

ed
 g

M
rn

at
 

A
ng

ul
ar

 g
ra

in
s

i
i 

i
H

0

v
\

Kt
eh

ed
 g
ar
ne
t 

An
gu

la
r 
gr

ai
ns

NO
It
V

iM
r

I 
»

o
d



f&blo 2. Heavy aineral in i 011 by )>srcsnt

Well Efeae - Oad&t test Well Ko. X (coriVd)

Sauple cioplh 
(in

ircon

lue
Picotite 
idolitc "
Muscovite

^ 
telalusite

lotal percent

1'btcl grains 
counted

1335

Ql-H 01»H

Ifi

1*00

net
gar 

ngular gr

13^0

Ol-II Gl-H

101

llOO 1*00

arne 
ngular grai

1375

Ol-H 01-H

1^00 JjQO

on

I*sl

ngular gr
agttlar

1363

M

II
* T

100

gr

17

 * » "I"

y

Cl-H

£7

300 300

ed g
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Table 2. eingraX cors^ooition In well by percent
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T&blo 2« Heavy mineral composition in well eaaplea ty percent 
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of

accessory cdiierala of the jK>d.t«entary rocks studied ehc&r somo 

interesting sdn?ir<ilo^ic features, fiotaa of theso features aro used to dis­ 

tinguish particular h4ftvy~&iner-«l n 00084 th©roforo descriptions of th^ 

niiiertls aro giv«?n belc*r,

Dotrital op&quo ^in^ralr?

JR practically all tlia eagles opaquo minerals tren» present, JBecauso 

of this ubiquitoig occur-renoo tlwy i«orc fouiid to bo nomHa^odtic a'd 

for sc»ni)s or correlation purposes* $ho opsquo laii^orals are

Pctrital

5h«? miite of tkitriUtl Rjjiopaquo heavy nln^raltf t^rjiifiod an 

derived jfrai lootaiaor^hic rocks and to a lessor extent froa l^nooug rocks.

gridm* 4jr«3 elun^nto priors tcrr4iiwtted by

fractures or in eos^? cases & sin^le tonaiimtion of a caaplex 

The grains exo usually colorlc-ss, K&rtf havu carbotiaceois i 

arranrod parallol to the ciT^t&llo^r&phic c axis.

£u0ite graiiss are pale-olivo grotm. Itho ehapo is 

cloavase* Boiae of the grains have thin latlis protruding 

tho loain core of tht# grain, otiioro have saw toothud od^ca which were etched 

Out ty intr&stratal calutiojis,

Biotito.   !fwo typ<^s of biotito ai^o prosont, & li^t-ruijt-codorod 

Variety end a dark-browa tranaluo0ot Vtjrloty. Vlio rutit^-colorcd biotito 

grains «rc euhodral to subhedtral and contain gasooue (? ) incluelone. 

These grains ore particularly Abundant la tho bantonitic bodn of tho



Eeabee taosiberj and therefore e*ay be interpreted as boir«£ a product of 

volcanic activity & + tho d#rk~brc^n blotite grains &re subhedralj their 

are lobato and quite tattered, tfndor crossed nicols they e;<hlbit a

»y$ maple11 appear wicc. 

Chlorite   Chlorlte plates are co^imoa in a f^sr of'the campled. The 

pl&tos aro li^ht gre^n ai^i tiavy lobatc* udgos, (^ilorite is not a char&c- ;

ter!«-U.c htiavy i*dneral end it9 presence is pro^bly <JEue to coiita«alr4ation ]
t
!

tho eoparation of tJiO heavy adn^rals, \ 

Chloritold, Chloritoid occurs as euhodral to exihhcdral plates v/ith ) 

 ous incluoio2is, probably id.nuto jd.nm%ala or earboimceous Kjatcrial. ! 

Tha birefrir4^ence is woak* Most grains ^a*c ple<xiliroic ^ith x tt olive green, 

y s palo blue, ft « ? (dito to orientation no color for tho ft ray direction 

can be observed). KeH'-centered B^ai iiiterfcronce fi^urcis can bo obtained, 

tlio optic sii^n i0 positive aixl the an^lo of 2V is low. the reliof is very

Kpldote is prco^nt as bri$it to duil-gr^onj rathor clo&r

Ctmterod optic axis interference figureo s^ay be observed with 

Best grains^ 2V is largo, and tho optic eign t)»gativo.

Both pink and colorless garnot grains arc present in Jurassic*

^ and Quaternary rocka, Jlthouji 0oj» grains ar<j fractured, tho 

surfaces of laost are etched by intraotratal eolutions. Both varieties 

«eea equally susctptiblcj to etching, friassic rocks of Uio Barrow wolls 

ar« barren of gisri\ct| its absence here aay be attributed in part to re- 

nova! by action of the intrfestratal eolutiono. Euliodral graino are present 

but very raro in heavy reaiduea fruw tha upper part of the t opagoruk nenber*

2/ firynino, Paul D,, P«tr<£Logy and ger»ai» of th« third Bradford Sandi
tho P»nnoylv*nia Stato CcOlv^t BuU«tin, Hinoral lachiatries Zxperiwontal 
Station Bull. Wo. 2?, l?2jO. /



OleucOffheno. f~01aucpphano occure a@ elongate prisms the ah&po of
j ' ? 

trhich is deterialped by c;,euva^a. Oraing fr^uontly yi«dd Bxa interference

f igurca^ tiiG optic sign ,e n^igative with 2V abuut liO°, Z is inclined to 

c pltio li°-6°« f ho Ediie^id is plm^dtroiol mith x ~ colorless, y~ violot, 

&

l+~6. £he Edid is pCUsochroio "with x » colarX&ss, y= violot,*' Li!
= blue, ahe gLoucophano is uxialtcrod aud is easily identified by

t I . I 
' l'i '- 

it© fora and j>ieochroisa.'
, - ' 

Rornblbncio.   Jiornblonde occurs in two varieties, ^coottton hornble-i-;don

end frt>liKi-^r^ori horablcndo*1 as dc$crib^d by Knuaboin &v>d Petti John » .'
h variety is idontifi^d Ity its cSiariuctcristio pleochroism^ the blue- 

green hornblenda is doop blue to ^reen^ cograon hornblende is briglit green

to ^rc^niah Lrot^ji. flio funoi of e&eh^ro jjinllar and are deteriidned by
i 

dt^va^e. At oi^> hoid^o;i in Uttxlat TosSt Tell $0. 3. *»co;:i3on hornbleniio"is

extroiaoly ftbuniiuit. Hero tho gr&irks aro fresh cloavaje laths, 80130 having 

thin -ngfedlelito projeotioiis?. !?ho hornblojute ^r«ilriS in the prisi^tic tour- 

BEalino auno arc bleuched alon^j thu odges and cleavage traces.

Muscovite.   i^uscovite occure as thin cleavage fl&kos vliich yield good 

Bxa intorfcronco figures with nogativo opftdc 5igit« fh® <sd;!©s ar0 Xcbato 

and Mornt Muscovite? has a specific gravity which is slightly l«?e« t)i&n 

thet of nethylen^ iodide, but it ie such a co^aon dotrital fidneral that it 

fre^uoiitly makes up a consiclorablo p^irt of iho h«avy residue; Its 

in tiio licavy portion ip probably duo to cout^tsination.

?icotdtg, ttio browii spinel* is distinguidhod by its deop

color* isotropie^aj and vory hl^i relief in Canada fcalsara or in

Krutiboin, f * C« and Pettijohn, K. J«* Uanual of eedio^^tary petrography;
Apple t04>-Contury-Cr of ts, Inc.

Ui



eroclor. tho grain* aro almost opaque in the thick central parts but 

are translucent on tho thinnor ed^ea* All grains ar<* Barked b$' conchoids! 

fr&ctures* A fe» grains are groordsh brc*m.

Hutile occurs epor&dtcAlly in tr^coc in soiaa of tho

the grains «ro generally don^ato deep-r^ddish-bram mibhedra. tho relinjf 

is very higji. to®& foriiis have oblique er4 lon^iUiditial stid^iloiis .

Yitardto.   ̂Tit&nit« gralr^j &ro ver/ r&r^t rjhs birefringence i© ver/ 

hig^i, th©i*cfor«? tlie ttdiier^CL chowa tlio 0aj»w color v«ith crossed nicols &s 

**lth ordir^r/ ligjit* BCCAOSO or the hl^i dis^rbioa sany grains Tail to 

sh vrith crossed rdcols 6Jid >?}ilt0 li^Jit.

r^ occurs in oovcral

by color end dichroiesu 51ie varieties can &eldo*i to daseifiod *a to 

species except indicolito, *hich is bluo. *fa® Bov<irid color v^a-ioties are 

lifted bolw idtk their cliaractorifitic dichroiea,

0

green olivo greoa
teouvo olivo green
deep bluo bluo black (indicolito)

In tho tables tho eauvc-olivo groen and tho grc^n-olivo gr«on varieties 

&ro tabulated together. In the triessic 6audston»'8 end tho Oubik forma­ 

tion oliv«~s^^o^ &*& Irosrn tourjaalino grairis are vell-roundedj in all other 

sandstones Uioy are pria&atic with pyramid t«nd.nationa on one end end 

cross fractured on tho other, the blue grains are conchoidally fractured 

flat chips usually oriented parallel to (001)* Thoso flat blue grains 

yield interference figures, but the isodirocaatic curves are oaoked ty tho 

intonsa color of the gr«dtu Authigenic cvergroirtha «ro coraaon on the



bro?m end olive-groan grains. Some grains havo ovoid cores vbich have 

beon secondarily enlfcrgsd. tho cores ars not alwe^e the saiae color or 

intensity as th$ surrijundin^ overgrowths. A^j&rontly this er&argeacnt 

oecurrod before Uu? grains isero eroded mid imorporatod in tho rocks from 

vhich tho Bauy&ea ftoro taken.

gircon.   Several types of sireon grains aro present and are useful 

in establishing heavy cinc-risl j&oneo. In Trlasaic ssntistones Uie *ircon 

graine &ro ovoid, ^de »a/ b« tlie inherent fora of tho grain or it eay 

bo duo to rourxlinj duriiig transportation. In tha upper part of th*s Tor ok 

, tho tuktu ^osber &n>:i tJio lo?<er p*rt of tho fopegoruk aseialjer

eircon crystals c^rc »oned. fhe pros*jnce of Utc^ae &onod crystele ie 

tho b«si» for tistnblichin^ tht* jBonod ssircoji &one. Such £on$d aircon crys­ 

tals ftro ligltt yell«r or li^it pink er.d IUIYO lenj^th to tddth ratios of 

About 3:1* In tho upper part of tho f qpn£:cinik iaowbor lon^; ©lender color­ 

less s&rcon crystals with first order psrleaaa ana pyramids arc tbs charac­ 

teristic fona. tho length to widUi ratios of these colorless crystsls

©xc«jed Ijsl. ^ioy fro^ucntly h&ve aciculer liquid (?) or g&aeous (?)
' \
inclusions. Stub/ colorless and pink fcircon cryatals arc also 

throughout most of tho Cretae^oua

Anataso occurs as ligfct~yollow 0ubh^dt*«CL tabular grains.

Host grains aro tiarkod by gooiaotric patterns. Iho interfor^nco figure 

10 xuiiaxLal no^ativa* KhoUior or not this lainaral is Authigenic io 

difficult to detortdno. fho Associated craino Are fresh fractured frag- 

*ent» vith DO obvious rounding or «re«r on tho edges; tberof or«f if the



anataae grains aro detrital* no evidence of no&r should be expected arsd 

tho grains should have distinct bordors. How&ver if tho gr&ins are 

authig^nic, t&& borJ^re would also bq distinct. On the basis of grain 

siuapo it is Btft pousiblo to dotar^iino whether tho fc&ataso grsirts aro 

authigenic or d^trital,

gyritq* *^3^all aggrw^atda a^id larger idi^o ci^tols of1 pyrito aro 

ubiquitous. Although a ferf of tho grains isa^ be detrital the ttajorit/ 

aro authigonic.

Authigisaic over ̂ ro?? the on tooiVdalino grains aro des­

cribed on page

If tlto latcjral porsiatenc<? of heavy-ssiiioraj. »<»kjs throughout Haval

Hetsor/c* Ku» I* caii tecf demonstrated, euch a soimtioti osn 

es & uoof ul correliition device* Eeavy-ainoral aoi.aUon has boen 

lished and correlations njado by using th^ fulXonriixg critariat (1) pro- 

eonco of dia^nooUo dnor^lo or i-liwral auitosj (2) relative abundar.ce of 

specific raipQruls; (3) dogroo of roui^linii of ainoral grainoj firnl (h) dis­ 

tinction as to grain for;a, fj^ch an euhedral zircon cryctalo with & length 

to width ratio of inl, Bi^it dlstinot isonco C£ai bo rocojiilted; rounded 

toaraalino sono^ prisaatic tounaalino aanoj fiuijit^-i^uagovito san^j aonod 

mircon som^  uh«idr«Cl ftircon nom^ glauco^hsjio^orcblendfj aon^, biotlte 

tone, and the rounded grain *ona. Descriptions and ch&ractoriotics of 

the aineriil «oned aro giv n bolow .

kl



Rounded touaelino EQae«-~A nojtei of subromd t? round

grains cartes the Trlassic arid probably the lo^er part of the Jurassic 

BeJlraentarj rocks in South Bamfi? Test Well 80. 3» Bevor«d varieties 

of touz-Kdline aro present   olivo green, isauve, brown, ar*i blue. Over 60 

'percent of the rdnarGl cut to is &rait;3 of to*;ri3ali?vu Eircoa grains isake 

up the rc:aainder of th<% suit*-*, end ar^ ovoid, but Uw rc?mic!nc'3fi aw/ be in- 

fluoncc-d by tho orlginfil crystal fori3 OH well as b/ wc;j* tk;ri?^ traiuporta* 

tion.

PrJ3;-aatict touriaa^Lin:^ gono,-^«In the »hir<isoio rocks of B&rrotf fti^i Cape 

Sitipsim the oharaptfjristio hcay/ »i«QC"fil» fc**o ^uacovito, aircon, garnet, 

hornblfjndo, and touraalirje, Eirco.i groins ar^ ovoid, garnet grains aro 

etched, end hornbleado groins <u*« elongate aad prjl static* Tno hornblendo 

is bleached elon^ ^Klgej? end clc&va^e ITJ-C^S* Toura^diiio grains are olive- 

groen or trovm prisiss with fraetured or p/raaild toriainatictiB, fend consti­ 

tute ovur 30 porcent of tho heavy-ainoriil e^iite. Muscovite &nd sircon 

aro abundant* Korabl&ttd** &nd gainst grains uro rare,

«W£itG~:3U3CQvltQ fcoi^cj occurs in the Tor ok

fonsatiou &id i» riicognisod in tho UjaAat, Oumalik^ awi Topagoruk toet 

J^iscovito grains aro particularly abundant* «irc»n and tounaaline grains 

coi^^on, and &ugit<5, andaluaito, chloritoid, aivl garnot grains are co,aaon to 

rare. Even though augito grcins 4iro rare in Bosaa e&r^iles^ thoir presence is 

eignificmit. Th^* stuip^j of tho eugito grains is (ictcn&Inod \yj cleavajjei thin 

delicate laths fehich havo &aff<jrod little tbrusion during transportation 

pi'otrudo froia BUTJO of the grains. Intra ctratal solutions have o tolled a few 

of the fcugito gridnfi and aoat of Iho garnot gr*iirw. Zircon gr«dQ8 aro ouhcdrai 

and havo a length to nidth ration of about 2.5*1. tho touraaline grains are 

priflaatic.



Zoned aircon. »ono»   A fcono characterised laainly by latnorols derived 

frua a&taaorjphie rogks^ but particularly by tho presence of aoned sircon 

crystals, is prosent in part of tho Yorok formation in tho Berro^ area, 

mid in tho Tukiu *»&£&<# and the lower pert of tho ^opagoruk taodbor, fhe 

fconed fcircon grains *re usually doubly terminated, have a length to width 

ratio of 3*1, and ere yellow or very light pink. Ovoid pink imd color­ 

less sdreon gridns ej'o al»o present. Other Minerals &ro garnet, touraa- 

lino, picotite^ biotit^, andalusit^, end i&isccvite. A f^t/ tounaidino 

grains consist of deeply colored ovoid corwo cnclot>od by feintly colored 

avorgroiiths ^iU\ pricusatio facos. The cora and tho ovier^rovith of an   

individual gr^in laay bo tho saiai color or diff^r^ot colors* Many gsrnet 

grains aro etdiod, OUier ainoriil grains are eubhodrol or an^ilar,

Kuhedrgl sircon guai,*-^ Be* no of long ouhodral siroon graino occurs 

in the upucr pert of tJK> topagoruk aeiabtjr in tho Meado-Ouraalik-Topagoruk 

fcrea. Itio exJiqdral sircon grains are colorless aiid have length to vidth 

ratios which exceed £4 si; first order prlsris trvl pyraiaddo aro coupon.

present end they h&ve »oro cotsplex cryetal 

Gwrriet, tourr^lim^ biotito, Kuoccrvito, endnludite* picotito, 

fij;d chlorltoid cojplote tho Ednoral i^ceabla^o. Andtiluaiio. {^r&in& tro 

pi-isiiatic, with ein<jlo tcrsainations of cong&ex pyr^cdds, »nd sasiiy con­ 

tain carbormcoous inolusiot^s orient' id parallel to tho c axlo. Hie bio- 

tite plates aro colored doep brotm or light-ru^t brown,

gone .   Tho te$e of the

ftono ia defined by tho greatest depth at vhich glauccyliar^ ie encounteredtf
(2,931 /eet In CWLtt I«»t PeU Mo. 1). DM top of the a^ne la iwrkod by



the base of the biotitc? aona described below, Tho &ono is present in tho 

Upper part of tho fopagoruk &ot&er in the Barrw-Siopeon-Fish Creek-tfsdat 

area, Iho glfaici^iAno-horiibleiKio tsono mid th<? ouhedral »ircon aouo arc 

therefore stratdgr&phic equivalents. The ednorcl suite of thio sons in­ 

cludes gsrnot, tourmaline, eirconj biotite> auscovito, andalusitc, horn- 

blerxlo, glanco^arie, opidote^ picotitoj aad clxloritoid, Oarriot p*isitss ere 

pink or colorless and a jaajority of thoa are etched. <XUa*copheno grains 

are bluo to l«vonder pleochroic l&^tis ^ith good cleavage, tho 

laths aro pleochroic doep bluo-^reen ta green and ero rare to 

Both deop brcwn ei^! lijjht-rust br,ani pl&t^s of biotito are comon to abuiv- 

dant but nev^r constitute ^>ro thmi Jo porc<int of t)ie Ednorfil miito. 

ftotito sone'^. In tho Capo Sio^sori croa a *ono cotttaiiiin^ dark 

light-rust brorm biotito fleHca id prefjont in tho Seabee ^?d 

biotito flakes art? eubhodral to euhodral a»vl prysrdnant ia tiie b^atoaitio 

beds of this &%£x&9 constituting over J?0 perceat of the heavy-;aiJK?r&l

Tho averago thickness ropreg&nted by this eonc is 100 foot* 

eubordinato nlnerals are glaucoph«io, sslrcpn, touriaalinof andalusite, 

and chloritoid.

grain aone« A «ono ch^r&ctoriaod t^/ «oll-roundcd grains of 

andalualte, garnet, glaucoph^idf cpidotc, chloritoid| biotito, isuscovite, 

hornblciido, toxiri^alinaj and fcircon is diaracteri^itc of thn Qubik fpr^a- 

tion* Tho hl^h djggroo of roiuKiin^ of iho graiiia and tha number of tho 

ftinoral apociea present aro tho criteria for tho differentiation from all 

other aonos. Sables of this aono were obUiJVtd only from a fov of tho 

Cicpaon coro testa*

figure 1 liata tho atratigraphic tinitaj nlnoral species and their 

persistence^ and tho rang** of tho hea^-a&neral ftooes.
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CQRR&UT0K5 OF 

Regional hQ&vy~;ainenil correlations can bo tsade when

fconos persist laterally throughout a »edlis«ttt«ry basin* the persistence 

of »onee nithln this basin is dependant upon th« source rocks and their 

are&l extent, ^feathering, transportation* deposition* fades piittorny, 

and dia^eriosis, Sase heiivy-zainoral noueu in ?Iav«& PotroileuiJ Mesorvo Ho» 

ll are Ifcterall^- ext*3n8iv0| othors are kn^ni only in local ar^aa 

because equivalent roc^s units havo nut boon saai&ed in eurroindln^

Tho rounded touiiaalino aor^i is jaresciit in South Barrovr Test 

3 betweeu 2,1|^> ajxi 2,65K) feot of doptii. l^o other nollti ponutrate 

rocks in wiiich tJiio »<>nu appears &nrl froa Bhich samples are available.

The pri8E3£ti« tour»alljim gone occurs in South Barrotr Tost V^H KG. 2 

At a <li5pth of 2,3^3 ft^tj is |>robobl/ present in South Bbrro^t Test Well 

Ko, 3 betwcyn 2,1CX) aixi 2^300 fecst (no exiles ^'ere taken in this interval), 

end ia represented by one ee^xlc in Siiapaon te^t V/oll Mo* 1 at 6,173 feot, 

Ro other wolla havo poiwtratad equivalent rocks,

the augite-BUScovito »ono can bo traced fro& Uisi^t Tost tfell Ho* 1 

at a deptli of $9 99l> foot to Cu^alik test Udl Ko. 1 bot^ecn tho depths 

of 5>°72 and 6,i*°4 fe^t. !Gie full vortical limits of the ai>ne aay bo 

greater than t^^.oso sUit'^d, ad thosa liiaits are controllod by the available 

»aa;>lo8. The northward Uiintdn^ and griidual pinching out of tho beds in 

*hich thia sotw occurs, aa represented in tho section from Ou&alik to 

Topa^oruk, is probably tho reason for tlw absence of tho BOro in 

Teat ?-cll Ko* 1 ami tho Barrow



The aoot extensive tone is tho *oned ftircon tone; it is represented 

in ell tout ©no of the deep teat wella. The depths in the various wells 

in t&ich the BOBO occurs ere tabulated below.

Bepthf5 in feat

South fcarrsm Teot tfoll Ho, 1 1,907-3,530
South Berrosf Tost fcell Ito. 2 X,299-2,330
South Sarros* feat Sell Ko* 3 1-,UC5-?
Siapson Teat tfell Ko. 1 , 2,360-?
Bijap&oa Core T«at Ho. 25 " 2,5o2-?
Fish Crtmk To^t «cll Ho. 1 5,£3Q-£,OQ<?
l^alat fost «f«U Ho. 1 3,U?3~!i,ldd
Ouiaalik Test ^oll Ko. 1 2,l$h-3,75>

feat Well Ko. 1 ?-

sons should also bo present in f opagoruk Tost Well Ife. 1 between 

7,000 end U,0 X) feet, but no eagles &r0 available within this inter- 

ral» BrilliiiiS in Sjb^son Core test Ko. li* wiis etoppod bcsforo this s^no 

»&» eiicountcro^i; however, it was penetrated b^f Siispson Cora Test Ho. 23 

at & depth, of 2, £02 feet* In order that figuro 2 be sore complete, 

section froi^ 2,502 feat in rds^dvm Core Test Ho* 2o is projected to 

Core Test Ko. 11*.

Two Eunog ar« Etratigrapfcia equivalents     t!ia r^hedral aircon 

and tho glaucoph&iiO-4ioraKloRd9 fione, Itw mihedral alrcon »OiTe occurs in 

Me&dta Test T*oll Ko. 1 at a depth of 2,96? feet, ia Cuif^lik Test ^ell Ho, 

1 from a depth of 2^0 f etat to 1,<&6 f eot, ar*d in Topa^oruk Test ^ell So, 

1 froa a depth of 301* f«*ot to 1,209 feot. Korths^ord umi eastward the 

grttdos into th*» gl£aicophaive-4ionibl62tdo ftoiv> in r>ii^paoi* Teat Well Ko* 1 end 

Umiat Toot ^ell Ho. 1 roapoctlvoly. The glaucophaiie-horublondo Rom is 

ptreeont in South Barrow Tost ^ell Ho« 1 at a depth of 165 feet, in 

Test Tiell 80. 1 fro* a depth of 130 foot to 1,297 feet, in Siispeon Core



Test So. ll| Jfroa a depth of 320 feet to 1,213 feet, la Fish Creek Test 

So. 1 from 2,920 to 3,0>3 feet, arid la t&dat Tost ^ell Bo. 1 froia 

to 2,^81 fe^t. Tho tsineralogical differences between the&o two 

tone a are attributed to dlfforencus In eource rooks and their contribution 

to subsequent dej^oslto within basins of wore or iess dofinod lltdio,

the biotite &oco has b«ea idontlfled only in th<5 Cfcpo Slaps w>n &rt/a 

and is discutJS^Jl In tJje ecjctioii d^slin^ HiUt local correlations.

rouiiis?d grain a«oe occ-uro or!/ In Sl&^eon Coro flest r̂oa. 1~10; 

, t^ic GubiX f onaatloii, in which this sono np;>ears, covcra *^uch of 

the Arctic coastal plain* £&;^&eg fr^a other wells were not tak^n. In 

figure 2 the jxnaidod ^rain UOIKI has bovm projected fr^ia tlie Sim^son cor© 

tests to SlHfpaon Test Ecll Kg, 1 #

Figure 2 illuetr&tee t?iQ re^loAal distribution anl corrolatioas of

distrlutiOQ

In local crca^ correlations nmong weXla can bo &xte \sy using 

taejor heavy-sainoral «^n«i8, and in one c*9o, est»^liahing subxone^ within 

the isajor »orH>s. Cape Si^>aoa fend Uuiat ar»* areaa where detailod 

latiojos are possible.

Cape reason area

In Sir^con test t?ell H^« X and Sl^paon Ctire testd Kos» 1-!;, 6-10, 

the rec0i?ii£o4 ^Inoral aorjoo are thoco of t}jc rounled grain fccnc and 

glauco^ano-^ornblendo »^no. All the wells tttart in the rounded grain 

and ponetrato tho ^Laucc^baiie^anibaendo »^no beneath It. Recognition of 

this contact, based on the degree of rounding, ia »l%>le but t«rvo« only



to define the base of the rounded grain acne (Gubifc formation)* Lack of 

equivalent stratigrapliic naci&tts precludes tho possibility of a laoro detailed 

cor role ti on within the glauco^ane-hornblendo fcono* Tiio hoavy-aineral sona- 

tion of these holes ie shown in figuro 3*

Correlation of Slsapson Cort* Tests Jlos. 13-17* 23-26, end 23 is possible 

using the biotite aana and tbo gl£uco;^iaj»-hornlj(lendo sone, as shown in

figure li» the contact defined by th^se two acnes jaarks tho unconforLiity
t 

between tho upper p^rt of tho Topa^cruk mc::Qbcr &nd thu b&so of tho resboe

cu&iber.

D.-oiiit eroa

Subsones cst«blisho<l within tho major h^avy-jainaral aon^rg are used to 

oako detailed correlations in the two Uoiat test t*ells. Table 3 has been 

const.ru.ctod eo that Uie ssj^ilttfi u^od for correlation &ro placed opposite 

tlioir fjquiVtilents. Xhu hetfvy~ainor«d cubsjontis aro dusijJVi^d U-l, 2, 3j 

©tc», and sro briofiy described in tabln 3. ^amplss in rabsonn?3 U-U, 6, 

and 8 proved useful in correlating the tvo nells. Saispletj froa d2Jj feet 

in Utaifvt Test ^oll Ho. 2 und froa 1,733 feet in UciiAt Tout Woll Ho. 1 con­ 

tain 75-33 percent garrwt, 7-16 pei*ctmt aircon (length to width ratio, fcsl)* 

It-9 percent brown tourwalino, 1-3 percent tjroon toxiriaoliuo, and 1-2 porcont 

hornblendo. Sat^loo at $2$ feet in Uadat Test ""all Ko. 2 and l,ii3U feet 

in UidU-t Test V«ell No. 1 contain 69-71 percent garnet, 7-9 percent zircon 

(length to width ratio, liil), 7-9 porcont brown tourtnalino, and 1-2 per­ 

cent green tounoaliito* Stuqplea from Ual«t Test »>oll Ho. 2 at UOO foet 

and froa Uiaiat Tost "ell Bo, 1 at Ij35>0 feot contain 19-29 percent garnet, 

9-10 percent mircon, and 3O-li5 percant tourmaline. This accordEinco of 

aanplca is the basis for correlation of Cmiat Test Rell Sos. 1 and 2 illus­ 

trated in figure 5*
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Correlation of faulted soctlon, Uaiat Test ^ells Koa» 1 and_ 2i /* 

reverse fault has been recognised in Uroiat test ^ells Ros. 1 and 2. 

IU 0* Reoso » has described tho fault as cutting Iftfil*t Test fcoll Ho. 1 

at 2,01*5 fe^tj tcLth a throw of 7$0 feet, and with the section froa 1^300 

to Ij9&> feet being repeated in the section froa 2jO&> to 2,700 feet* To 

substantiate this correlation caparisons of heavy-iainersl suites were 

&ade. In figure $ and also in ta^e 3 the section belcw the fault is 

charm opposito its suppOsodDLy equivalent section. On tho basis of the 

available samples tim following hoavy-^Lnerdl corrolationa aro apparent. 

Se2§>lo3 froa 52? feet in Uaiat y«stxt>oli Ko. 2 and froa 1,U3^ feot in
r

Dudat Test ifoll If?, 1 t?hich arw placed in subnono U-6 apparently' belong 

to tho sano gubaono as tlie saiopl* frott 2^276 feet in the projected fault 

section of Ifeaiat Tost &ell So. l. 'jChe eas^xLe at 1$6 -foot in Uaiat Test 

Well Ko. 2 which ia placed in eubsiono U-5 soctis to correlate tilth tho 

^anjplo from 2^337 foot in tho euJ>fault soctiojn of l&aiat Test Kell Ho. 1. 

$h0 subsone U-3 ©at^xL0 froja 1*792 feot i» U^iat i*o3t #eil Ko. 1 Beeno to 

corrol&ta witJi th^ e^jle froa 2^*>U2 fcmt in tho subfaidt section in Usdat 

Tost t.'oll Ko. 1. Ihie cldso accordance of hoavy-jainiaral ea^plos coaas to 

substantiate tho intorprotatdon of Uio fault in Uwiat Tcs, 1?oll Ko, 1. 

Correlations of Uiaiat Test Walls Kos, 1 and 2 and of tho faulted section 

in Undat Test Well Ho, 1 are s&i&m in figure 5* Samples ivcro not avail­ 

able to chock tho fault in Ualat Teat tioll *<o. 2.

Beoso, R. 0«| Arotto Contrfcctors, Inc«j personal



F HBAVX IfflftRALS OF SEfXTKHmARX ROC&3 .OF 

ALASiCA, IK BKLATIOIf TO ftB GEOLOGIC HZS1QBX

The Triassic eedtomtiiry rocks of northern Alaska isro represented by 

ftn almost uniform thicknwss Gf eli&htly lesa than 300 feet of black shale, 

silV sandstone Itrnsss, lirsostono az»l chort, Jliese rocks aru Joioma in the 

eubsurfaco at Foint Borrow, Caxao SiL.vsoa, eii4 Top^oinjsk Toot ??ell Ko. 1, 

in outcropa 3Ji discoiitiiiuou^ e^osureo froia Opo LisburiKK to tlie ?ad- 

Mountains. Iha kfiasm southernmost exposuros of Triasuic rocks

in northern Alaska ixro approxiiaattjiy don^ 63Q K. lat.> aiid miy have l>e??n
* ...

BKJTO extensive but ar*# now removed by erosion or buried ty post-triassic 

t^irust faults. In tlva Upper Triable (Horio) de^x^ita, tho polecypod, 

Monotia oubciraulcLriq (Oabb) ie the uost E^mndtant fossil but is mt reli­ 

able cs a criterion for interpreting tho depth of tho sea bottca. On the 

basii} of litholo^ and unifoml% of Uacknoss^ Uu?ya rocks "Wuro pi'obably 

depOBit<*.d in a relatively <jtd.et »hallc»f eea, Bndor the a a conditloiis, the 

eajor agents of sedinont tr«usportatloa mid distribution would bt» nave 

action and bottoia cuj;-r<^n^o. 3ha net effect of such activity would be the 

eventual destruction of loss resistant aimral grains and abrasion of the 

more resistent uimr«l ^**diis to rounded f^ru«, Hvi |o*osence of rounded 

tounaalin^j and sircon ^ains in tho Triassic aajiLlstoiie of South Barrov? 

Teat ?<ell Ho. 3 oa/ be attributed to tho fcbove-astttioned processes. 

Trias .'^ic deposits tsay ov -n bo composed of graii^i that had clroacty- gone 

throu^i at loast oiki cycle of deposition and wen* rounded prior to 

tine. .



Thus far, littlo evidence regarding th« source of Triassic rocks has 

boon found. 0nf ortunatoly facias patterns of known Iriaseic rocks, in 

northern Alaska, do not indicato tho probablo source area or how far tho 

grains hava traveled. One possible source rock, tlio Noruokpuk schiut of 

poasible pro-Cadbrian a^o, crops out 30 tdltss south of the CfcdLerocbit 

Uountains and contains roundod tourmalins and zircon grains* The tourma­ 

lins graiiis aro an oHve-sreen variety sluilar to tlioso found in *riiissic 

c&ndstone at Point barrow* lihethcr or not Uie J!ei*uokpuk echist ««tf ex­ 

posed to erosion here or elseehore during Trias sic tir^a is not knowj early 

Cretaceous and younger paric<5s of faulting have brou^t it to its prccent 

position at tbo surface* The similarity of tour^alirio grains in tho Jter- 

uokpuk schist and tJie Triassic aeuidst'jne at Point Barrow is tha onl/ 

evidcsnce that suggests that tha Kvruokpuk cdiist w«3 one of tl^e a cures 

rocks of Triasslc dopooit,?* Petrology of other pre-Triassic rocks which 

should also ba considor^xi as possible sources ia too inadequately known 

to justify discussion.

In the Point Barr<Af«Capo Simoon eroa Jurassic rocks rest 

on Triassic) de^x>8ition apparently w«» continuous. In Uio eoutliorn Brooks 

aro& (B^drd Kountaina), howvrer, orogctdc loovocwmts bogan in early

tinw. Initial cast-trending thrust faults and folds wero d«?v«lop0d 

as a result of cojEpnissional forco:; froiA tho sait}). Hooks involved in thia 

orajuiic »ovei*>nt w^ro Trias oio claatics, liiuestoneji end chertf Ccrbonifcr- 

oua^Penuian liioestono. chort. and elastics; Devonian clustica and licostone; 

and Silurian and pro-Silurian greonatono »diiot, «ica schiat, chlorite 

 chi3tf quartsitet calcareoua schiat t and carbonaceoua schist. JSafic



igneous intruaivaa and extrusives were eraplaced and the area because a land- 

nass* Curing this tim tha shoreline regressed slowly northward but pro­ 

bably never extended auch farther north than lat« 66°. Along tho southoro 

littoriil and neritic asontm, JUracsic sedSjaonts were deposited in angular 

relationships with Trias sic and older rocku. That this orogeny, frith its 

development of a litholo^ically coii^xlex source area, is recorded in the 

Jurassic clastice in tho Point Barrow-Cape Simeon area is demonstrated 

by the ainerals in the hetny^sainoraX suite- -hornblei^io, garnet, and TJUSCO- 

vite. YtiQ on*? sast^l'a froa 2,li3() foot (seo fig. 2) in SoaUi Barrcni Test 

Well Ho. 3 froa Jurassic cajvlstono, assigno^l on tlio basis of its mineral- 

ogic suite and grain shape, to tho rounded tour^^aliiio ^0110, implies that

tho earlier part of Jurassic seJinentation in tho Barrow area was siroilar 
> 

to Trias^ic deposition, the sandstones hi^or in the Jurassic suction, as

in Couth Barrow Tost v'ell Uo, 2, that contain a gre^ter variety of heavy 

reflect tho delayed, though noro&lj changes in the sourco area. 

the grains probably traveled a linear diotance of approxioatsly 

300 ailcc they tforo not subjected to as iiitonco oscillatory action or 

reworking as waro the grains froa oldor Jurassic aal irias^ic sandstone, 

As shown by the prisiiatic touraalina grains,

Crotaceoue

In tho area of tho present Brooks Ran^e unotlicr orogeny tliat folded 

«nd foxiltovl elder Jurassic aiid pry-Jurassic rocks occurred during tho 

interval between Late JUrasaic and Early Cretaceous* Mafic intrusions 

were e^placed. Loner Cretaceous (Okpikruak f omation} grayvacke-typf) 

claetics were deposited unconformably on this structural cos^&cx. North-



ward in Topajoruk Test Ttell K^. 1 the Okpikruak formation shows no signi­ 

ficant angular discordancy frith tho Sin^ak formation. In (Xuaalik Test 

Well Ho. 1 arid Tcya^cruk Test :cli *«o. 1 the Okpihruak formation is repre­ 

sented b} iiiUtrto&U.'d ciltstunfo and shalo fru& which no suitable heiivy-

 dn&ral coucontraies could bs pro^5*>j*od,

At tlis doso 01 Ckjila^ak tirot? mountain building w.-s rencr/cd in iJ :o 

Brooks Ha^e area. Thu liaii\i &yantain& granitic intrasiv&s vrere forced, 

imd laajor Uu*uat faults ar^d isoclinal folds dc«vclopod to tho north of this 

intruoivo bo^y. T>*o to;> of Uto Oi^iikruak formation is aarked by a si;;r»i« 

ficant aii^iular ujicoiifojViity in the* north«m Brooks Rarv^e province and to

* lossci* extojit in t3* 

were deposited in tho Bar^tfs/ ai'ea, Uioy wore probably thin and *cro eroded 

during this tii*-4 , inferring; the positive naturo of the Barrow hi^h. The 

aisuGct or the Barrow hi^h i« shcnm in the qrosa section (fig* 2).

Torok jToziaatiot^ a topical gre^'A-ack^, was deposited on this irre- 

gultr aurfaco. She Torok f oriaation consists of a southern facies of

; coarso s«i«d3tom5 e^xl conjlos^rAU; tlu^t grades norttarord into iner- 

&iltstojv> arid s^ialw and ^raduaLOy to predominantly clislo. Over- 

lyin.T the c^njla.fct?ratic anti oandetonc faqios is a chalo unit (u^armost 

Torok) that represents a uouthv/ard fid^rutlon of tho sea during upt>er Torok

l sajtplt-o frora Uie basal saiKl£*ton^ of tho Tor ok formation 

in Cupua.Uk Test ^oll ?io» 1, To;>acoruk T«st Fell So, 1, and TJwlat T«ist ^ell 

Bo. 1 indicate by tl& upp^aranco of  iu^ito, chlorituid, garnet, an<i anda- 

Xusitcj that Jura^bic laajtio igneous rocka and earlier Metaaorphio rocka 

were exposed to erosion during early Tor ok tiiae. la erosion proceeded in



tho southern 3rooks Rango area, the gea of Xaix? fcrok ti*ao 

fartlier and farther south and covered at least lauch of the area car repre­ 

sented by tho northern Broohs Kimgs. Torok tisjM was tersanated by gradual 

Uplift in the Broo'cs Uar.go, which canned northward regression of the see. 

This rotfrescion initiated Nanushuk group deposition in tha northern 

part of tho pxtuicnt'foothills and eoact&3 pl&in areas, Althou^i contin­ 

ental fecies of tlio la^cr part of the Karoxdliuk ip^c^up ere knJKii to tlie 

tJ-i, the section r^pre^entod in all Uie deo;> vrollo is tho cax±ne Tuktu

of the Urdat f on&tloru The b^c of tho Tuktu tae&bor (basal Kaim- 

and Hw top o.C th<« torok fora^tioii is a gradational contact* tohore

ia aiiaUar and f«uiv*l control liioitod sr Xac!d.n£j tho precise 

contect of tl^jsu t'no units cfiiinot b»> otatod wiUi cei'tciniy. Likewise, tho 

TUktu Kicrd>er is gradi^tional upward iitto the Topa^oru/; e^aber* The source 

area of UK; Kanuahuk (prcup aist Jmv« included, in addition to earlier 

lioeoKoic ar.JL 3^tc Paleoiioic roclcs, con&idDr«iblo eicposuree of early Paleo­ 

zoic isoter^orphic rocks fciid noro varied types of i^noouG i'acUc, Hie ssonnd 

ftircon son?;, characteric-tic of tlic up4x:r pi^rt of tho forc»k JtarsetioDj the 

Tuktu lac^bor and t^o Ic^mr part of t)ie Topagoruk &$*&&*9 eho??o a m^xrkcd

incroeso in tho occim*eucc of chloriioiclj imd^lucite^ end garnot sdncrals
  

dier act eristic of oyn&Kdcally isotmorphOiSod rocks, Picotito m? have been

derived froa cdthor tho »afio igneous dikos an^ elll«i or isotefcorphic rocks.
f

^be toxu'isaline urainc Uitt hav«; ovoid cores surrounded ty ovtsrgroviths with 

frcch cryetal facos cuggost derivation froia old candQtonra and Doticuor^ioso 

^ediuentary rocks that had been mineraliiied, the euh'jdrel tour^alino 

grains nay have been derived fraa thcso ganvs rocko as veil a» froa granitic 

intrusivcs in the Baird itountAins. the nooed »ircon cry«talo wer« probably



derived from the lar^o silicic igjvau* bodice and jtoteaorphic rocks in the 

Baird gountainti. Yho influx of there various irdnc'rcls in tho vpper p£rt 

i>f the Torok formation and Ic&'er psa*t of the Kar-ushuk group iiiplicn erosion 

of the vcriour »ct£j3orphle rocks of the Baird fctcunteiris, pF-rllcul«*ly tho 

altered scncs acescent to the Xer^o igneous laassoc,  ndt at Icurt, border 

facioc of th«u- jf^pncous j^jjscs. Theac larger intmyiv^ rooks^ therefore*, 

ffere firyt exposed to eror>?,un during tldr> epiao,*.?. Contiiatc-*! relative 

regional uplift in ^hc J>nir4 t£ouritai.i3 ares resulted in ftirt^jor crosion

. during laV.1? ?iaimohuk ti:j£ (upper Tops^oruk), and the chortilir:*? during that 

tirjo, t)*c<u^i osalllfttfcskj laox-ed noirtVA v*ni. Koniiiirin'; (COTJ!} deposits ere 

present a;j for north es Cape Sin^con. £s cosMrientul facias are not present 

jioro tJsftn SO Edl«»s north of Uid.«it, however^ the shoreline trtsid changed JVon 

west to nearly norU^.est fi-ai Uatl-^t to Cape Sinpcon. Factors to which this 

change-SVDj/- bo attributed iucludoj (1) greater rc»lative uplirt in tho source 

HTfia «est of l;alst them in the eastern area; (2) t.r«:Bter tJiiclaieccse? of

. deposits end coiiscqucnt flllinij in of tlio urestei'n part of the trou^ii| 

(3) deposition of Cretaceous eedlt&jr.ts in basins south ,and north of the 

Kndicott fountains* Cc^plcd witii thio sliif t in th<j ghorelinej ves the d©- 

Telopuent of tv?o sedijajntary pytrogrRpliio provinces in upp^r Topa^oruk 

tine. The ^ade-Ovuaalik~TopagonAk ureiij wliicJi is predorainaii^y noneiarir,o, 

ie represented by tli« cuhcdriil Hire on sonc, wul the l&slat-FiBh Creek- 

area, tfhieh i« predt±)ln/intr?^y lafcrino, by tho gilai^o^ihaiv^hornblondo 

>. Although tho gcu^-aphic dlQtr3.bution of these a^nes is practically 

coincident *ith tjio iaDri»i /snd noasarine facile patterns, tJiere is no 

implication U.i-t they arn eo lied tod; the glaucophanp^ornblendo sone occurs 

in noauarine and oarino dopooita «her« thny interton^uo. Of groat si^ni-



fic&neo is the evidanoo of ft &®w and predominant source rock in tha 

eastern part of the Brook© Range as shown by tho occurrence of glauco- 

phano and the *blu«ii-gre<&n* bori&Xeiidfc. Bireetly south of IMat in the 

Brooks tei^u is a belt of aoteaorpbic rocks wldch include undifferentiated 

Silurian and Devonian ai&l Older schists. In the l?5l fiold season this 

area *as studied by a Geological Survey field party, tho observations of 

this party and examinations of rock ea&pleD V>j tho t*rlter revealed

a horablemie* but no gliuioo^ian^-beariiig rocks. jRir«^e hypotheoos

the cbsenca of such rocks at th<? present surface? (l) th<8 glaac<>-

Imv^ been ctmplotcly rct&jvod by erosion; (2) the ^.aucoph&m 

rocks bava nat yet bo^n Ideutdfied in the Brooks Rangej (3) tlie glauco- 

phane roc*cs huvo been burlod l^y ti^erUirust eho«t» of different lithologlc 

cheracter during po^WTupa^orak tii^, Of Cner>o, th« mjoorKi is tlio 

likely explanatton* Without this critical information oiily broad 

ali&atioi^ can b© stated rtigarding the sourco rocks of the 

hornblendo ioixj; th,:{, ia, that tl;o source aiea lioa within the o^stern 

pfcrt of Uio Drooksj Kai\;o arid consists of {sotamor^dc^ iiiiioous, and in 

part older seditaentary rooks*

tho ouhodral li|^it*ruat-brom biotite $rfcin*i eljso preheat in tlie

-2?Men horijblende »ono iasy b« volcanic ejecta* Undiffer- 

Uccozolc volcariics are knot^n in tho Reward Peninsula and in tho

Tho S^rard Feolngiila volcanic^ dooorvo tio;ition &s a poucible 

eouixe for the biotita fiahea, but no conclusive evidence can bo 0tib tilt ted*

In the western area (-ieJKUs-Oiuaaliic-Topa^oruk Rivers area) sandstones 

of the upper part of tho Topagoruk jooiaber aro characterined by oinerals 

of the eubedral Kiroon tone* EuJiodral colorleaa sircon grains nith length



to width ratios of ijil era distinctive of thia^'iwwt^^ 5h«^W(0^»i$£ !  

"probably derived from the Baird Kaountain granite inU\iolve and frcra 

greater depths within this bod/ than the fconed ftireonrgrains of the
"^.- " * -" * * "- ''",.' * -,>' .  - , . *  * . - ' - ' '" "'_.   , . '"

»ono4 uircon acne. Deeper erosion of th

Airing lato T«pagoruk 

I Differential uplift tdth tho greatest el#vatio« in the ura* west of
 r " >'   ': . r' -''v '   ''r.'"^f.  . - ..i.^'?!1 ';! r r-1 .>»*'']. '  '!  .. ""

d Capo Siit5>sbn terminated topa^oruk tiiae, A short period of erosion followed 

ef ter whioh tho arsa was eubiaerged. 1%« encroaching sea fc3cte»cled a chort
"  - -- ^ ,-.:,- J  "',,' v.-*,-.r,"V   ,'-"..-

di8t«i¥30 eouth of Ufidat but probably did not covor Point Bartw or tho 

\ern part of Capo SJwpson. Colvillc? group e<xUj»ants w«re deposited north 

' : «nd northeast of Usdat, 3lie Scabco raoiA>or^ oldest part of the Schrader 

3 Bluff fonaatioi-ij rasts unconf onaably on tho Topagoruk r>3*abor ̂ arid i»
^   '>. : - '''- " : . ! - "; ' , .' <, " - ' ' .'' '-' '.'        .

! posed of black marine Bhalo ^ith some esnctr bentonitic bods near tlio

Saj%xloa frota those bontonitio bods contain an abundance of biotite grains
i   -f . * i - .^ . ,  

and aro therefor© terjaed tho biotito »oi>o. !lhe biotito grains are

| rust and dark-brown euh^dra. Because Of their intiiaate association with.
I - "-' \ - -"''"-. ^^V';e;r ,'7!;: -:'^:;v/ --^?^: .  " -* ; '^fe^^'SlSSfX^
?f bentonitio deposits they wore KOst likely d«srived froa volcanio v«Jecta, J; ?i
S '   -   .'  ;.< ',., '      '*" T'.

1 the undifjferuntiatod Itosoaoic volcanics of tho Gov?*Lrd Peninsula are^ again, 

! r the only known volcanoes wldch could have supplied the bentonitio aaterial*
*',,.- '     .     - , , .,-- *..vu'-* '^   : ;-;-

j As t4»8e volcano<?s are about IjOO sdlea distant and proof of "ttmir activity 

durii^ this exact tdj&d is lacking, a reasonable doubt crust be naititainod
' :'«. " '"; -''

' If they are to be considerod as a source* v ' ? is , . _    ' >' .
\ It erosion of pre-Colvillo group rocks is postulated as contributing 

j .*S the biotite^ grains, the only possible source^ wgwld ^ tl» tt^r part of : 

the Topagoruk crater, BioUte j^i^4 of ^



rocks aro scarce and not of identical variety, Biotite grains in the

upper part of tho fopagoruk member aro not as abundant as in tho Seabee
* 

Belabor, boin^ less then $O percent of the heavy-pinera! suite, trhilo in

tha Ceabe« ®:;Efcor they compos© over °0 percerrt of th« heavy-Mineral suite. 

Concentration ty sedimentary processes is highly unlikely. A volcanic 

origin is iaore acceptable, even though a definite source area cannot bo 

demonstrated,

lounger Cretaceous deposits, Tulu^a jqodber and the Sentinel Hill 

BieijJsor, overlie thy i'eab^o c^jid&er conf ori^ably imii in Uio areas studied 

aro predixltti-ntiy shale. At the close of the Cret&cuous period tho Arctic 

Slope tsas up3,iTted. Tertiary continc-ntal deposits aro restricted to tho 

aroa east of the Cdvillo River north of Iftdat and norUi and «?est of tho 

-Scdlerochit Mountains, A tertiary orojony produced broad gentle folds in 

"tho Arctic Foothills and Arctic Coastal Plain provinces. In part, theso 

folds woro supcjriiaposed on oldor structures.

During tho Kleistoc^no epoch of the Quaternary period glaciore occu­ 

pied the Brooks Ran^o. Outwach gravols fillod valleys along the eounUdn 

front and most of the lowlands of tho coastal plain area. Locally marine 

enaHaw-*mter deposits are pi'osont. In the coastal plain area these taarice 

and nomaarine elastics, idtii soiao possiblo Recent deposits aro the Gubik 

Jforaation. Those deposits wera derived froa all oldor rocks. Ecworldnij 

processes were vigorous and grains ar** Kall-ijrounded. Yho heavy-2ain<?ral 

suite of tho Cubik fonoation includes rounded graina of all niner&l 

Viirietice and spccius found in tho older rocks.



ainaral residues fraj sandstones of test veils and core 

tests in Jftft-lt* nwfchera Alaska havo bwm exasdnod. tha 

criteria havi* twu u&ed in dtdincSLtins eight h<savy elwjra 

(1) presence oT diagnostic minerals or almsral cuitt-ej (2) relative 

fibundoiice of 6iK3tdfiQ airrfjralsji (3) degree of rou^liti^ of 

grains j (U) tiiijiiACvioiis as to graiti l*c«i« ^i*iassie an^ Lcfcrer 

cendstono bods aru charactarlsod by 6 sonu oJ? rounded gr&ins of 

llne and «lrc^n. The priisoatiQ touriAalino a one is chiaracteristio of 

uppor part of UIQ Jurassic in the Barrow urea. In ths CrQtacoous 

ssentssy rocks ths aagita-^iscovit^ sono is ropr^aentativQ of the lowor 

part of tho Tcrok jToraiatioa} tlvs sonsd Bircon aoi^ is represontative of 

tho upper p^rt of tiio Torolc ,for«ation, tlia Tulrtu r*2^3or &r*i the lower 

of Uio Topu^orak sssdbcri th*j euhodral zircon soiio and the gleuco-

giv.cn hornblende t,on^ ^ro rtJproaoniatlVG of tiie uprx^r p&rt 

of tho Toi>a^cruk Kei^eri acd tho biotitc »orKi is ropsreeocEtative of th« 

Eeabco aeiabcr. tho Quaternary sedinrnits arc cl^racterised b/ the 

groin

of these aoiws «r» known only in lcw?al areoa, others have been

treeod throughout the eroa etadicd, and local  ii4 rational correlations 

have t-ton s&d0. In Ifcd&t te^t ?*011 Mo* 1 hc<tv>'-isii«ral «onA0 vero used 

to carrel iitc a aoctlon rup^atod by fgultin^.

tho origin AJX! g4£&}lo of the varlooa heA?/ wtaaraCls and hoav/ 

«uIU>B have been. interpreted in relation to geologic history.
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