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1.121.r,ARY I1-`3: :f C.:- STRAT 'Gal.:1;LT CT Li-I.': 

OF THE KIL1.1.zA EiViT6 AREA, 

1. L. i1iu R. Y. 

and H. r. Fcir 
•••••••., 

IIIRODUMON 

The 1951 field Twogrem for ravy T.1 Unit party 3 
a twofold purposc: (1) to investigato the aprarc.7:,; ant!...lio7ium la 
Torok formation (LoTTer Cretacoua) thee t727) lov:cr 
of the Ipnavik, and Nu fllvero; and (2) to er,:t,:.nd 
of the west-cantral Scuth3rn Foothills section 1171-::ad In 1c/0 cr. 
4,,srmin3 the ralationah4s of the gac1c5y of th.: fo.1113 to t7e.t 
Drooke Range to the south. 

The party was made up of sevsn man: to fiai 
sistauts, a cook, and a weasel mec!banic. Taillt.ur end an assistant wore 
landed at the Range front on the Ipnavik Rivr:r by o'si plane on May 27, 
1951, to begin a boat traver3e of the river. reat and Reicor, with the 
remainder of thD party, were florn to Iak.3 rDlu!: on Lay 28 to bein the 
neasel t..:avorze of expozures of the Toro!: fol.vation t.iOI the lo-ffer 
tnd Kilioc Rivers. Moat cf June wa7; zrcen i71 çit.irg tleso ouve;-s; 

to grou,)s did not join until Jw4 22 at 

Exceptionally poor weather p1z1.71,nt5d the itn 
5chaeu1ed -'c,21: alon! t7:c etJ:t fo- of ti 

traTe1.3:3s of the De Long.Evortins unt!..1 late 
A hcJavy on Se2:;omber 5 fol.cf.,:.7. ac:.7:7ant of field 
avinzmpd the Ltroa ofathe of V:! ,7s3t of th3 

and the alxt fork of tie Nul:a Raver. Th,s: wor drive Lo: 
Driftwood camp and cacd, 

Weather cued a 40 percent leas cf vord.n.r; ,21.-,ing the acason, 
25 day of which wore in the pc,1?icd boter.m J.aly 10 alA 17spm:.- 1. 
Poor Inather also delz,yeJ dcpartarc of c,c.mn of ç. :.y cl.cm Drifcod 
and Umiat until October 1. 0u3 mobs contalag a ::::c.11's collccic,n of 
rock aamples had to be loft in the field, F.Qcc.ib7y until frezzn-up. 

Vertical photograph uncontrolled raosnic3 by the U. S. 
Geological Survey in 1951.rere used as a baza fc :.;- -tpi.Ang; tr:tmetro,;o1. 
photographs and trimctrogon pla1Airotr1L! ma25 wor::; a-'as re 
vertical photo coverage TWA luc . 1%;t:'.131.1An. .31:6C. 
by altineter. 

The 6;re:Acr pArt cf EA"ljt:,ocn't, c. 
ti Kilipwt River ia the ,3t-ntra1 

https://Taillt.ur
https://er,:t,:.nd
https://KIL1.1.zA


 

Foothills province. This area is shorn on plate 1; the remair.in3 a.ras 
studied, but not shown on the areal map, include (1) the eastern end of 
the Dc Long Mountains south of the foothills, and (2) a narrot band along 
the Ipnavik River. As field data have not been received, maps of these 
smaller areas have not been completed. Results of the boat traverses on 
Ipnavik and Kiligwa Rivers are presented as a separats part of thlz report. 

Previous work in the Kiligwa Rivr area was limited to brief recon-
naissance by Tailleur and Kent in 1950.1/ The oz,ntral part of the Ipnavi!: 
River ras covered in t! sams. survey. Stefanmen tra7c:c2 the cont: al 
and lower Ipnavik in 1947.a/ 

TopeRraphz.--The area of the Kiligwa niver can b3 readily dividsd 
into three topographic or geomorphic units. The northernmost unit is a 
flat plain of very low rnlisf along the larer reaches of the Kiliva and 
Nuke Rivers, where underlying fine elastics of the Torok formation ,:re 
relatively nonresistant and have permitted near planation. 

The intermediate belt, produced by differential srotlion of fonai 
strata of Mississippian to Cretaceous age, is limited on the north by the 
Liberator Ridge and on the south by the De long Mou:Aains. MaximuJ 
is about 1,000 feet. Ridges of the more resistant beds and inte?vzni:z 
areas of relatively low relief are cut by major ncrth-flcwing rivers the 
are incising their broad alluvial floodplaina. 

The southern topographic belt includes the Do Long Mountains and is 
an area of complex, broadly folded Mississippian rocks and associated silly. 
They are eroded into rampartlike ridges that rise 1,500 to 2,500 feat above . 
the surrounding terrain. A southeast-plunging synclinorium terminates the 
mountains. 

STRATIIMAPHY 

Because none of the faunal oollections have been studied, the follow-
ing discussion is subject to revision. Rocks ranging frcm Devonian to late 
Lower Cretaceous age were identified in the Kiligwa River area. Lithologic 
units that are correlative with or comparable to previously described sec-
tions are Devonian rocks; tha Kayak2/ formation (formerly Noatak), and the 
Lisburne limestone (Mississippian); the Siksikpuk group (Pennsylvanian (?)-
PeeMian); the Shublik formation (Triassic); and the Okpikruak and Torok 
formations (Lower Cretaceous). 

Devonian rocks 

Along the east fork of the Kiligwa River 6 miles east of camp 8, a 
70Q-f9qt section of Upper Devonian strata was examined and detailed 

1/ Tailleur, I. L., and Kent, B. H.4 Stratigrapby and structure of the 
Southern Foothills section between the Etivluk and Kiligwa Rivers, A/aJka: 
U. S. Geol. Survey Navy Oil Unit Rept. 43, June 1951. 

Stefansaon, Karl, Stratigraphy and structvra of the area of the 
Ipnavik River, Alaska: U. S. Geol. Survey Navy r.::11 Unit Rept. No. 14, 1948. 

2/ Patton, W. W., Jr., Drosge, W. P., and Mangus, M. D., Prelirinezy 
report on the geology of the Caokmilage and John Riv3rs area; Alaska: U. S. 
Geol. Survey Navy Oil Unit Prelim. Rept. 38, 1951. 
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1. . J: of 

arc ;,i7,11 lic:;oniar 
Othor ov..cro:is of p.:::-'71:1c; D.,,von,f.cn z.ze rsn 

south side of Vile A:ooks th3 Ahbalph River drainv:, e 
are fasated ;:er,tsionn r:.!..,:airc mom complete f6sr;i1 identification 

1.1191Wilutan_rvkt 

The largest section of Kayak formation crops out along the ipnavik 
River 157° 20' W., 68° 20' N. Eccause of the large amount of rubble ani 
covered section, an accurate exaeurement could not be made; he section 
consists of a maximum of 1,500 feet and a minimum of 750 fe©t of predomi-
nantly darle.gray slate with some interbedded quartzite. The section is 
conformably overlain by a dark, fine-grained limestone of the Yiechsranth 
member. 

At the headwaters of the Kura River 750 to 850 feat of :-Cz.yak forma-
tion consists of dark silt and clay shale with scattered beds of limy 
quartzitic sand. Also in the area incomplete sections 100 to 150 feet 
thick consist of urgillite, shale, and silt with dark-gray, fine-grained, 
red-weetherinL; limestone. At the top of the 750- to 850-foot section are 
several bads of rea-brown-weathering quartzite and limy, quartzose sand-
Eton() that possibly are equivalent to the lower quartzose Lisburne limestone 
measured. by perty 1 in 1949.A/ 

Lisburne limestone 

In the ,:xca travcrsod by party 3 in 1951, outcrops of rocks of Lis-
burne age are few. In the Kiligwa River drainage in the Southern Foothills 
section, Lisburne limestone at lat. 68° 42' N. occurs entirely in fault , 
blocks and ridges. Alinement of theca fault blocks indicates a series of 
reverse and thrust ferlts parallel to the major east-west structural trend. 
Diabase intrusivee are closely associated and have bleached and altered the 
limestone and chert. The more persistent ridges are largely bleached lime-
stone and chart rubble overlying and upheld by diabase cores. Farther 
south in the area of the De Long Mountains the Lisburne limestone consists 
almost completely of dark, fine-grained, thin-bedded limestone and inter-
bedded black chart of the Kiruktagiak member Black chert constitutes 
70 to 90 percent of the rock. The longer and more persistent ridges are 
intruded and capped by numerous diabase sills. Ridges of Kiruktagtak 
chert are faulted over Mesozoic rocks. 

Sable, E. G., and Mangus, M. D., Stratigraphy and structure of the 
upper Utukok-Kokolik Rivers area, Alaska: U. S. Geol. Survey Navy Oil Unit -
Rept. 45, 1951. 

https://D.,,von,f.cn


 

	
	 	
		
	
	

	 	
		

	

	
	

	 	
		

	
	 	
	 	
	
	

		

	
	
		

head-ors of the K1.1.-17a 153° 601 
N., apl.roimat1:: 163 foot of crincidal, fine- to coarse-gral, 

\mrAlium-grcy liolastone of the liachomuf:. 7ember crops out as a klippe. 
Cving to the crushed and zontorted condition of the limestone, an acoll 
=a sure wns not possible. 

Along the Ipnavik trav:,;1.ss and in the h.sad%to.r roa of tho 
cast fork of the Huna the Trialr.th =mbar confon overlies t.;;E. 
J. fcYnation. f.n thzze _ .':;i.4 are 100 to 150 fot,;t 
aro dsmoe, fine-gfaLld tlin-1;1:dded to shaly, 
interbedded chart and shale. The Wachn7rath is thinner, more 
shaly and cherty than that at 141nayut Lake. 

Alapah-Kiruktaqic.k m,;71oors.--The Al-pah and Kiruktgiak 
st,ttute over 95 percent of the Licbw'ne seen. Three distinct, 
phases were observed: an uppermost zono of sans'j Tmrtzltic 
conglomeratic, with distinctive green glv.zconite (7). It ovorlia,3 
the other distinct phases, vkicF rr r b partly e:luiv,-1,.;nt in ago. ne 
second distinct phase is dark, fine-tintr!, chcrty of 
the Kiruktagiak member. The thin] is olive-z:--y, to -7t 
liru;stom, medium-beddul i_th minor emo,mts 04' ol- ft..e-
is similar to zone 4 of '0:2 Alapnh of th!s 
restricted roughly to an aroa batwsen 630 41' N. a,Id (,;;ic)331 N. z.n: 
equiralsTit to and greys into the KL.-u!,:l.ncizIk to i south. As nuch "s 
feat of this 11.pooton,3 cropc in steep dipptng fault blocks. Thes:t 
fault outcrops probably repr€sent only a part of tha subsurface thickress. 
The laygor faults are shorn on the map, but most of the fault blocks aro. 
too small to be plotta,1 at the 1:96,000 scale. 

At the sou't;ht..rn border of the Scvn.,,rn Fc)1 1 1.13 ;:sotion 4 s apc- Cc.):1 
ths 7;11tcrcI- lo of LIEbur,le cncio cf polic311t c7 
Firueiak :.'ember. Ia Do Lo-Ag t7:e Ltibt:.rr7: 
Lre onL?.ntially all Kirutseia's. mIlm177,r, t! lc, t'li,1!c-badcd innok 

c.pproximatO4 70 inrcant cf '%LE sacticl. a- .,ca,:sc of the 
ri.adunl sourard acc. in the c,:c,-rrenc? of Alz...vh facie 3, it IL b,;-
lieved that th,3 EcT.bz,r aradc Lito a thick zoLe of 1.:i-r-
tgiak possIbl:f •l'oir?,c3ntin:.-; a rcol-e deermater depos:,tion31 
basin. A rastored icction of 115C0 foot ('alt:; rinus 300 feet) of Ki.r-
trIgiak member, faulted ae int.rileca '.ac computed for t'or:: 
De Long Mountains. It consists domia-A:tly of. JIw-LEIack, 4- to 6-inch 
bcds of chert :enter bed,. rith day.1:-gray, silicified lie-
tone in bzls 1 to 2 inches thick. 

The limy quartzitic sandstone that a7!;:o th.? top er ,*3 141;:,burnc2 
limestone was exposed in river cuts and in a lo..7 zle zag ridge surro=:ed 
by tundra. The distance betveen the rost northE.2ly and southerly exposure 
is approximately 5 milca--indication of the miniAum north-south extent of 
this horizon. The most completo r,sction moasurc5 is also the most northor%r 
exposure of this horizon. It is a 9-fcot-thick fault slice, wedged bet-7;c3n 
probable Jurassic shalo. It consists of a hz4sAl 25-foot conglomeratic limy 
silt rith pebbles of silt ;stone; thin up irtv a coarse-graiLed, 
van:7.y llmastona coataining qt.:art; and .:10.1rt grains with minor 
interbods of fine-gralnkl. sin osY-all greenish colov. 

4 



of the section is due to the presonce of abundant green glauconite (?). 
Field examination of the fossils obtained indioateshigh zone 8 or 9 of 
the Alapah member. Outcrops farther south in the foothills lack the con-
glomeratic beds and appear better sorted. It is believed that these are 
equivalent to and grade into the coarse quartzose sandstone facies of 
Lisburne limestone that were described and mapped by party 5 in 1950. 1/ 

Permian system 

Strata overlying Mississippian limestone and underlying Triassic 
rooks were mapped as Permian. At the mountains, where most completely 
exposed, they are composed of 200 feet of clay-silt shale, somewhat sili-
ceous and generally well indurated, that weather to bladelike fragments. 
On fresh surfaces the shale is dark but weathers deeply to a distinctive 
dark red. Fifty feet of bedded, dark medium gray ghssy evert overlies 
the shale. Where strongly altered, the chart is bleached ar.I the surfaces 
are stained a brilliant yellow orange. 

No complete section was observed in the northern part of the complex 
area. Black ferruginous chart, fossiliferous oicarecup shale, and some 
red- and dark-green.meathering chalcedonic chart are believed to be cor-
relative with the beds to the south. 

Triassic pyiAent 

Within the foothills belt an upper unit of the Shublik formation is 
present as typical chart, silicified limestone and siltstone, and sub-
lithographic limestone. This upper unit is exposed over much of the area 
but seldom in complete thickness because of pre-Jurassic erosion. The 
max5mus measured thickness is 180 feet. Underlying it is a seldomq ex-
posed section of thinly bedded, dark clay shale, measured as 275 to 300 
feet thick. 

It the south near the mountains, less limestone is present and the 
section has been more extensively silicified. ArgilIaceous beds are also 
more abundant. The lower shale unit was not recognized; ir present, it is 
very thin.. 

On the south side of the mountains even less limestone was observed; 
the section appears to be dominantly fine elastics. One exposure of dark 
shale contains silt beds with plant impressions and phosphatic nodules. 

iLiApsigAzdpsuz 

A pattern of rapidly changing facies together with small and infre-
quent rock exposures make it impossible to establish the true stratigraphic 
relation of the various Jurassic rocks seen. In the Southern Foothills 

Tailleur, I. L., and Kent, B. H., Stratigraphy and strueturp of the 
Southern Foothills section between the Etivluk and Kiligsa Rivers, Alaska: 
U. S. Geol. Survey Navy Oil Unit Rept. 43, 1950. 

5 



eection the bee of tLa Jeseecele ee%sieto of a thin ec;Ilence of else.; 
containie.L; coquina cf Aucelin brn. This clay shcle le equivalent in 
time to an interbedded shariestone conglomerate and fine-graiLed grzeiaeke 
that overlies the Triassic elsewhere. f firie-g-sained, greenish-hued ser2-
stone containing many "cannon'oall" concretions is approximately 100 fcet 
thick. A series of silt shale and dark-gray silicified eiltstone with 
ferruginous black chert and paper shale lies below the "cannonball" 
stones; if these strata are not equivalent to the basal section, they :i__:-
creas© the total thickness of Jurassic in this area. 

A section of at least 200 feat of broen clay, silt shale, and dark_ 
brown, fineegrained sandstone is thought to represent another falico cf 
the Jurassic, but ponding further study no correlation is made. 

South in the Do Long Mcuntairs, a 600-ccot inecmplete sectien of 
Jurassic rocks consists prizarily of a colzlemorate with y..ebbiss 
bles of granodiorite, die.bese, and siltstone. The section feeres 
into an interbedded sendstene and siltstone. It is believed that te 
and green cherts 400 feet to 500 feet thick that crop vet in the norl'eees 
part of the Do Long Mountains overlie and possibly are equivalent to tLe 
upper part of this conglotherate sequence. 

Possible Juressic (?) 

Several hundred feet of a previously- undeecribod lithologic sequence 
occur on the upper east fork of the Kuna River. The upper part is expoccd 
only as float on a cut bank and appear to be composed of shale and vary 
fine grained sandsteno and siltetcne that is dense, medium to light vay, 
with occasional lipt-groen cast, moderately well sorted, and locally 
quartzose. One 2- to 3-foot bed of qvartsitie eentoeo ncar the mIddle 
yielded coarse-ribbed fesell frecnante not yet. irl:stfied. re-ser eoarei? 
bads are present in t2 ,e loeer half. Two zones e C!-,21:', 20 to 30 fast 
thick, occur near t:ie base cf thc ehale; the OY:11 
color, with geoenish cast on bedding surfaces sueseets eeeeisen e ee:ecer 
Jurassic chart. A resistant series of beddsl, eiliceoue, slightly cL1-
careous shale underlies the chart. Quartecse sendstone beds, present in 
minor proportions at sthe bottom, become mores mesnive and predcminant to-
ward the top. The flaggy bedding and lamination, together withmodeeately 
high induration, make the series a distinctive unit. This is the only 
known exposure and cannot he corl.slated to exporu-ses cf known age. Pc7d-
ing study of the fossil collection, the beds are included in the Jurnesie. 

It is evident that the Jurassic Kingak fornationW in the 
River area is extremely varied in coT3position. Facios changes are recog-
nized. Deposition was marked by at least one, if not numerous, locally 
significant breaks. The be.ee cf the Jurase.c section is rarked by a basal 
unconformity. 

b./ Patton, W. W., Jr., and Keller, A. S., Steatirapby and structure 
of the upper Sikeikpuk-Nanuchuk Rivers area, Alzeka: IT. S. Geol. urvoy 
Navy Oil Rept. 42, 1950. 

6 



	
		
		
	

	
		
		

	
	 		

	
	
	
	

 

		

	

	

	
		
	

	

	

	
		
	

		
	
	
	

	 	

	
	

c'D cv11  

Lawer Cretaceous strata are prowl ::t 1...1 the aral-- a're 
formation (Neocomian stage) is widcspread in conph-::, relativsll 
folds along the mi.e.dle of t?„e cc:iplcx bel. (i17.1tn 
at2ge) 13 almost tLe only unit croppinig alnj nc.7.t7:1c:n 
te eor ple:r. foothill belt and in tha flat; no7th. '21.0 for:.- 
t!.en is described in the section on H5.7.17a 

Tho Okpikrual: fomati:..n in n3 L.1-1 
from expoilures farther can The soct!cm con2Lt:s.,,. el ,O 
shale intorbe&ed rith 40 pu.ccnt A sard:;t:,ns 
overlying 5 to 10 fact of has%:.1 
blea of chart. The shale is dark and b:;th Thc 
iz; genorally grained, gray a:.±1 
oca:fsar beds are present in which ellort 
same bsda costal scattered shell frantn. :7,1:9.2 
and sandstone f:s cyclic in parts of the t:ectn.. 7f.1 ."1 ae 
but fucoidal markings on the botto-.in of na 7.70 
Horizons of abIzzlant Aucellk ap. an... r.;t::ar L%c.L..,t1w7 art; - 
In one bed impressions of large valve 
the long axis alined S‘  60° rc, 
1,500-foot ehale section was reasul'ed on tie • 

A shc.rp4 foldod nnticll.ne or t;-:z Cc,rk of the River =- 
poses older beds along its aria erd Okkru;: for4ation on the flarA's. 
On the south flank the bawl ,'ii&l rnca. ceglotic sandstone J.;_; in an-

3onformable contect -44-th 1%-!-1-7.:atilsr1n::: 
ably Jurasaic; on tl:? n:Tth 1:7.7 cf..? 

contact with Carbonifel-ourriat ani, in on pl:.Lea, 
JI.abase end chart of the Lisbur.le li!notone. 41F73ie is 
faulted.aceinet the Permian (=action along a zone no,: Ify 
The surface trace of the fault pcojoct unde2 
Considerable movement uust, then, 1-awa pr:est:,o:1 c;f t117: 

IGNEOT13 Rte`, t( 

Minor mafic sills have i7atrude3 th3 Tr!asJic juicazic 
throughout the complex area. Larger sills Yaw) .i.it-Alclod linear ridea 

Lisburne that then: across the ..eLdile 0:.a cuz,L:x. Maximum intru- 
s!.ve acLivity occuzred.in the preaent T4-2,72 1There several 
sills 70 to 200 feet thick ware. emoc.%1 tie 

The composition of cilln Y.c..?_ 13 li:litzs.d to F. 
10- to 20-foot zone of bided and Lleact 1!.!r t:; 
Some of the sills are latnrelly pers5.stcnt for a': nri 5 7-,i1:;s, but 
others aro broadly lenticular. fivintl,y To:: 0, fwrcrr,b19 
for intrusion, for ara absent fro:-' thc of t,h3 1,13b=7;. 

The pres3nce of the irourt:Ano -.7Xt to the re- 
sistant diabace cills tht tho 
az tracaa along thcl cortact;:. 

7 



STRUCTURE 

Folding and faulting in the Xiligwa River area follows much the 
same pattern as described in the area to the east. Within the complex 
belt Triassic and Jurassic strata are complexly deformed by isoclinal 
folds overturned to the north and numerous south-dipping ravers° faults. 
Larger structures ire outlined by the &moral distribution of strati-
graphic units, and an undulating, open fold pattern is superimposed. 

Along the mountain front a curious concentration of high, north-
trending ridges or imbricutoly faulted Lisburne chart appears to wrap 
around a partial fenster of Mesozoic rocks. Although broken by numerous 
faults, the stratigraphic relationships suggest a long erosion interval 
between the Kiruktagiak member (Liaburne) and Jurassic rocks. 

Along the front, imbricate faults are extensive. At on© place 
50-foot zone of Permian chart and shale is repeateJ at least seven ticea 
in 1,000 feet of exposure. The displacement on some planes must be great 
because strata ranging from basal Lisburne limestalne through Jurassic are 
intimately associated in outcrop. In one place a 50-foot sliver of "pre-
Lisburne" limestone and shale occurs in a lfonotia-bearing (Triassic) 
sequence . 

Area14, the Range is a gruolinorium of greenstone Bills and Lisburne 
limestone. Faults and folds modify the outcrop pattern considerably. 
Sedimentary rocks as young as Jurassic are present along-the. axial area; 
discontinuous exposures of Devonian limestone occur along the base of 
the frontal ridges and trace the change in Strike as the structure plunges 
out. 

The relationship of Lisburne limestone to the Devonian ie obscure. 
The Noatak and Unapt formations are absent. Devonian rocks are faulted 
over younger beds on. both fronts of the mountains. 

The flats south of the mountains are undo.4-lain by complexly faulted-
and folded (?) beds ranging from Devonian through Jurassic. No systematic 
study of field data of that area has been made. 

SUIRIAltf 

Rooks of Devonian, Mississippian, Jurassic, and Cretaoeous age are 
exposed in the area studied. Because of small outcrops and complex strut.-
tore accurate thickness measurements could not be obtained. Devonian rocke 
are represented by' a fault slice 700 feet thick; °thir units are about 2,300 
feet of Mississippian strata, 1,000 feet of upper Carboniferous-Triassic, 
2,000" feet of Jurassic, and 4,000' feat of Cretaceous. 

Becauie of its potentialities as an oil'reeervoiry the Lisburne 
limestone is of particular interest. In th foothills urea the Lisburne 
is exposed as small fault blocks. It is believed that these fragmentary 
sections have not removed far geographic!aly from their original location. 



Thicker seotions outcropping in the foothills and in the Range probably 
1=ve been moved to their present position 4 thrust faults. Except for 
a faulted 100-foot section at the head of the east fork of the Kiligwa, 
and two small sections in the Kung and Ipnavik Rivers area, the Wachamuth 
melber was conspicuously absent in the area studied. A section 1,000 to 
1,500 feet thick of the Kiruktagiak member in the De Long Vountain.verrades 
northward into a thicker-bedded, more limy, medium grained section of the 
Alapal? member. The top of the Lisburne is a elastic) sandy limestone; 
coarser elastics to the north indicate a northerly source area. This 
zone would serve as an excellent reservoir rock, though indications are 
that it is of small extent. No areas favorable for drilling were recog-
nized in the southern portion of the Southern Foothills section. 
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In the physiographic belt. betffeen tile Liberator Hiciao and th'sJ 
River, tho ixesencQ of laze structures 1._n.4 been zr,ggoated frcm p:ovious 
field work in adje.coat areas, photogeolottic interpretation, and reconnEzizaz , 
of the Kiligua River in 1950. 

This physiogrAphic bolt is in the ma-thorn part of the Southern Foot-
hills section. StructuraW, it mAy be considered intermediate to the broad 
opsn structures of the Nanushuk group to the north and the tight isoclinal 
folds and reverse faults that charactel-ize Paleozoic and older Eosesoic rock:: 
to the south. 

Characteristically this bolt is one of few expocures rfrieh are _United 
to rubble traces at the crest of the lm concordant hills and affords 
structural or stratiaraphic informLtion in the interstream areas. 
are limited to shale and interbedded 8an4stonee of the Torok formtion, of 
such homogeneity that correlation and stratiaraphic position of the small 
isolated outcrops arc very difficult to ascertain. The lenticular nature of 
the beds further com21icates the situation. 

The lower part of the KiliGma River, haifever„ lc unlike the other major 
river© in -this rezio% (Kum, Ipnavik„ Ltnd Ztivluk Rivers to the east, and 
the Nuke River to the. west). It is deeply entrenched and meanders through 
a narrow river plain Alluvial dt-posite are quite thin; be.drock exposure is 
excellent throughout the course of the lamer Kiligwa River, which crosses 
the strike of the bet.:rock. Consequently in the hope of gaining more exact 
information regarding the stratigraphy and structure of the Torok formation, 
a more detailed traverse of the Lower aligna was made in 1951. 

In order to have some etratigraphic control for the Kiligaa River tra-
verse, it was mcessr.ry to make the following assumptions: 

(1) That the conglomerates that comprise Swayback Mountain are 
in the upper part of the Torok formation and are the youngest exposures in 
that region. 

(2) That the conglomerate beds in linear alinement and in syn-
clinal structures south of the Liberator ridges plunge east and conformably 
underlie the top conglomerate bed of Swaybscic Mountain. They are also of 
the upper part of the formation. 

(3) That the lower shale-siltstone unit is present in the region 
in general with lithaogic characteristics as established in other regions. 

The area traversed may be descriptively summarized by division into 3 
geomorphic units: 

10 
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1. The (..:utli v. It fi:;:t3 cc;r:c.n Gld.f)1. 
to tml t:e ,c1.J. extqzion of tIt7. Iiibrator 

This area is characterized in the intervtream areas by numerous rubble 
traces of a co' lowrate faciea. io of typical graywacke cenclachrato 
type, maximum - ;:lickmos ie about 2( ) foot, and the eY:posure in cynclinee 
testa that not aver '.4. o suc:1 oequel .les are p:gesont i this rogior. A 
of large.eymme;rical chc..vran folds(with 30°-50Q dipa, are suporiTlposed on 1 
regional cynclAnorium. Loot l0°-30 dips roughly outline the major trough 
axis. Strike :fs roughly oast. Sh le and interbeided massive sandstone cc-
prise the bulk of thti section. 

2. The fiddle unit lies bet. aen tiKe northernmost lateral extensim Q . 

the Liberator ridges and lat. 68°,5, 

Stratigrflihic and structural :a:formation here in limited almost entirel 
to exposures aLong the Kiligwa Rivt'r. A new lithologic unit characterizes 
most of thin a. There is a mar 2d difference in bedding characteristics 
in the interbsIlld sandstones. Wh, reed even bedding is prevalent in other 
areas of Torok C=ation, the bedd: ng plcnes in this area are very uneven and 
the sandstone :;.1'..erbcds arc very c:oss-b4aded and ripple-bedded. Strand 
markings, ripp:.11 markings, scours, and other features of shallow-water de-
position and al rent action prAsent. The general east strike pruvaile, 
but dips ore nx.ri steeper (50b-700 than those to the south. Overturned 
dips were note: i the chevron fold Aittern is much sharper, and numerous 
small high-ang: reverse faults ar! apparent. Some southward overturned 
folds were ubs( :wed but these are light to be drag folds on the larger 
secondary strw karss. 

The etruc,cral history of the southern and middle units is complex. 
Lajor structure v primarily seem tc ba bread and open. Superimposed upon 
these are eeco:',I.ary Lnticlines and synclines, which in turn may have drag 
and/or chevron :awl on their flario. Repetition of section is common, and 
errors in clusn,;.tativs thicknsss cangutation are difficult to avoid. 

Northward he section become more shay. South dips predominate, and 
are marksaly c 40p. Overturned bets are rare, but are readily recognized. 
Pyritic nodule ! characterize the :lower sections, and occasional large pyritic 
nodular ccncre:..ons are observed. The axis of a general anticlinorium is 
placed at lat. 4,8054.3'N. on the ;,iligria River where a Of oat zoction of 
what is thougli, to be the lower s:ltstone-shale unit of the Torok formation 
crops out. A ;%: area fault of salf3 1,500 feet stratlgraphic downthrow lies 
immediately tc a north. 

Two rile: rth of thi: infe red axis is a general transverse fault 
Zone. Adjace:i ributary lyres= are structurally controlled by the fault 
Zone, and dipn ,z:e'markedly discordant along the strike across the river. 
The en echeloo ult planes strike N.40°E. Evidence is not conclusive but 
indicates rola We movement of the west block to the north. As the fault 
apparently ox vvs southward across the axis of the anticlinorium, the axis 
would be offsl 1.orthward i the western block. 

https://ripp:.11


	
	 		

	
	 	

	

	
	

	
	
	

	 		
	

	

	

	

	
	

		

21Ity 
not bec,n max; thafy appc;x te genus 2.,,.1.,:3urocems, an 
t.hcught to e - - .-

1(.;;:- put:1Lfvu 

.;;_ractGrize bc-r.,4\4 cections of the upir" -7.rcoriatition. 

Northi.lat'd from thifs zone a ra-:Ii.cz1 OhLngi in etrvLrfif 
is an Lbrupt clw,ni;a chLrctcriatic c,tc.cp di'', 
mall reve faultf3 i) opon-otructures. erc 01=j-40°. 

Stmtii;raphic and ct:...c1 inf(1.2.10:1 
clterc-,1 dip pattern;:trid gen:-,•:c 

N.35° . rtrike is postulated. 

Ths northra etrur:tura ph irnr );,o mzne of this srea rat, 
Structurce aro anticlinal. A foscil locality gour.3 rv'r the cf!..-.2 -.)f a 
nzall antic1::La slightly overturned to the couth. !!cra rritl-,J.n a 
section four saparcte coquineil. bec;43 cccur in a 23 foot Inn 
sowed fogs:Das have ban identified so AlIcella crenf:P. of Avell;. 
crviea lc coLaid3red to bo Upper Ju.rar:iic-r4c7 72rajcom 
Prom the availe.ble ctructural tlfx 
2tw.n prAgsbly c s'econ4cry etructure. Hoflavtz, b:..can.s:a or the r_' t..:...: 
cha •Z:.VC771-1.E.4-.^LC1 nhcic. involvo:1 sr-A the General ttirelzriti 
Crztacc, GLrate, i4; pocALle that :Lli%;or f:Aul;a eicv QApf=.: 
older ncation.14. The Irady antictline, nrppcd b,'hoLc,;nolcviets, 
tLroui;h 1211.c ',.;or,-3ral &see. Qrci,12-c,P..64. shale sacLia%2 
are not cialii;:,r to the lurcr siltstoac-ee unit. 

3. Tha northern unit be:1:in at ltt. 65°56,N. at the .prix of th:,1 fl-et 
large mhorseehoen bond in tho Kili;z11 llf-V s; :.10:b A pronounced chanip in 
lithology is Apparent. Lassivo nalletcne lenace c7.;p out. Fifteen fil3t of 
fine- to medium-grained, Ilinnc7(rld., erith carborAccolia 
material tend silt inclusions ie succo:lcd nort,171 ;:y t narrwg zone of 
crenuletpd overturned tyAs, end then iv an interbled cqriea of ripple-
bedded, croon-bedded, az:Gel/at la:nincitad aet!:.:;a -2.*ean sandatone and 
thin-becklud dark-gray 3hale. 

Thirty feat cf co71k,1oLa3mtic beds contain unidentified poorly preserrect 
fossils and fretprznta in the matrix; in ger4ral the lithology compares 
favorably with upper conglomrate section et EkaeYik Uountain. An :Inti-
mated 250 feet of fine-- to course-grained, light-fl;alamd, mseeive samkst,241 
with 11,:t.nations, cross bedding and silt is interbedded. with 
lizhter-culored shale; it averl:i.9s the coni;lov,crRt.3 oxtands to the 
noirthorn lild.t of exposuro. 

The ctratigraphy of tht, T,.xltok foc..nation relcctc lIrtncrIly local and 
regionga facies chs;..gcc. A 1:1.f._e.1;ra1.1 b.33t tLc ft:nda.:Iz:U1 fa;T:ioz 
changes postulated tnd is eho/in on the fullowint: pase, 

The middle unit (2,100 feet) is primarily a facifAs change of the lamer 
auctions of the Upper cf.x.-Iloilercts ==ber. Upper=ut coniaozamto sectiona 
are more persiatent and m4y correlate with the eonevlomlrato of the northern 
regional unit. This conglomerate aleo narks -Ulu ben of the Upper Torok. 

https://averl:i.9s
https://Qrci,12-c,P..64
https://ncation.14


	

�

	
 

	
	

	

	 		

	

	

	

		

		

	

 

 
 

	 	

�
	

 
	

	

		

S06thern unft 
to! ction 

utit 
section 

• 

North,-1:•ti 
Dace. r.‘n 

•••••• Z ono ti • -

.11Q:int 

.1•••••••••••••.7 ••••-•••• •••••••• •••••• 

0 c•+ 00 I 00 0 O ff * 
O 

0 . D.. 0 
0. • 

• 
•
••• • 

• it • •• .• 

? ••••••••• •••••••••••• • 
...111= 

0 la 4eft) co 0 
••••••••.•••• ••••••••••••••••• 

••••• 

1•••••••,••••• 

••• 

•• • • • • • • • 

intarbadded 
anaz t =ea 

rip j'] o bedding 
cr osn beading 

•• 

--...-
••••••••••••• 

/-\• 
shale ? -

2,100 

/
I) 

• 
• 

4%‘0.1.ANWSP*
• • 
. • .ft • • • 

• I _ • • 
• 

section 
incomplete 

4.1.V41%*WA\W 

• r 

• • • 

• - • . •• • • 

• 

r••••• ••••••••
•••••.-"1"."'

••••••••• 

••••••••• •••••••••••••.•••• •••••• 
11 or angular uxeonforuity 

•••••••••• •••••••••••••• ....aromd• 

••••••••••••••• ••••••••••• 

• •••••••• 

•••••••••••• 

a..02.wardIt Lacer silts tone 
and shae unit 

.....•••••••••••• 



. It i propusfld then to curlaf.-1Gr: the 1.:1- ;;I:10 Ln-.1 ci.lt3t,;n1 ac 
Member of the Turok fermaion; the conjloLerata Ltnd its oquivL1:, 
Middle Mercer ;La the northern unit, and the vectioa abov5 us the Up2cr 

- A brocd anticlinorium structnre i outlined. The icintif:Lovti,:z o: 
Aucella crac5a in a coquina outoro)pinL; in the lowerXii - avcr in t:If_r. 
egorgiems. , .manomoomr. grow. 

area maxes It en attractive proopEr;t for 14sbLrao linestono 
Aucella crassa ia a reliable index foceil of tlx ;idle Clvikrual; 
TroTrer Cretaceous),.the probable depth to the Lieburna 
4s000 fect, or poavibly 5,000 feet maxiulm. 
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1 to 3 ur..*.s•r. 
r.-(11;e Oxpozs a 0- .;; 

Al z.: 
of 7. 1.;,; ;' ,•• 

e• t . •• .1-

cr. ri.l.c.te-

cont:Ans 
to s;rc,,T 

be i2 of 
2.0-%r 

gray in culcs.r :.,,t(sincl by ox.-;_diz3.-.1 to 
Lor..:13 with 4: Cf `,) •ils : ce. 
section. 

The tr),.er -. - itZa thy. :AtilTrr..-3 t 
50 fest in -irhich auve- .1. 1- to 2--foJt beds an.; isJr..sa of dal''-:.:P-

vt3.t11 5- to 15-foQt ;halo. 
4,4,1• ; cJ.y less iLetaizori.ihr.reds iloro celczaaious, Yi l:tQI. ti 

cv.r1.10,Nif.;(' 5 I.V„.) t: 11.! yadatior,-.12 z ono. Aburstaut 
0 

At ?.ea? t, 5C0 or liwer;torie c7Qrlics the shale and 
calo-A s th.J 1.-os3ibil-ity of at least 

a!' ',2.c.rbcn:Ift-rc-tta .,action. 111-13 lo:cr 100 for.-:t.„ at.:cr:** 
conr.:,..Eits of hyclroclitatic 

ii'. 10- to b1L.cic, ci1careuus shi;.2..c. The hrzal zone i3 a 
10-:ooh, erinoidzi liapotona il.L t co:-.-
tains ''-'ho ov.rlying rones are lezr:: 
and fir.na----zreii- le.2i; is comon. foctil rensi.ns ero 
to those curtained tho hachscuth member of thQ Lictiurne. 

Iriterboddc.4 ct k hydra !cultic limestone, psztly silicified, black 
shale, and dark to civirt conprise the ro:ae:Art:i.D.; 1400 feet of expesures. 
TI,a litholou cr.):_vcres bzA: tho . Kiru'..ctegiz.lk Although a disco. 
da.n.-;$3 of attitu...l.c. and 1;:.••:-.eter deformation in the dark-colored strata were 
recognised, largc-cenle faults are not known. lha Airuktzgiak c.ty 
hors have truprIlcoato:i. raCi.39 of part of the Wachszuth LieLlaor. 

1^ north 
pro jfiction of ti)e They aro the typical buff-wer..theriiii; Iacclium-gray 
chart and dense ailizified lineston:-.. Another 100-foot zone of chart, da.rit 
gray to dark o.1.1.,76 in color, in 2- to 6inch beds and ferruginous in parts 
overlies the Triact:- believe. 

Roughly 100 foc. of Triascic-711ublik fomation are e:/...po,;:ect on tl-

..x. Faunal control is lackine, but the Ix ass are 
to be Jurazef:.c. `11.s. chort underlie:, c 32C-foot section of interbedded silt-
atone, very fire-tyained. rEnciatono, ami silty sha/e. The rooks aro pre-
dce..inately :'.:ark groan and appc....4.kr to have is eubl;rarzacke character. Coarser 
candid:: obviously quartzoso anti two conelozierate z on . nth a ilicic ign343u.s 
rock cotblcs crop out near the top of th,.) Liection in t gcntrcl ulxvird coars-
ening. 
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zovt1,-.c.rn rzi..,1;i4). of exp.:eel:re, Lisburne IL. 
/*--, at other plrces, those 

Gre undorlain by undifferentiated chert. There intrusives ln 
the cams latitxde as -t.) massive aille in the De Long Mountains to the wet 

ale,1 directly ecuth of the sill-intm,dtld ;V—b 1i atone series dce-
c:-ik,-- C on 1.210 T2r.cvik "thrupt sheet" in 1950' 

nct2d. ,.)11 travort tlircuh the area mapped in 1950 are: 

1. The Okpia-uL.k foriagtion oc,..lurring on t113 broadly folded "thrust 
a!- -.eot" iu in contgc':, '2dt11 chort of thc Lisburnia lirastene on the south edge 
of the sheet. An =confer:I:1V iB demonstrated in which the anguler discor-
dance (over a dietanco of 3 miles) in sufficient to have Jurassic and Triarsic 
rocks in contact on the north edge and Mississippian and Okpikruak formation 
on the south edge. 

2. On the Ipnavik River, along the axle of the syncline which forms 
Ekg'wvik ilountein, the basal beds of the conglomerate series of the Torok 
formetion lie, with no apparent discordance, on Okpikruak formation. The 
lower shale unit of the Torok formation appears to be absent. This corro-
borates the presence of an unconformity betreen the upper conglomerate and 

ealo units of th:!.: Torok fo:a.).,:,ion that wiz noted in 1950 farther east. 

3. At the not th edge of the complex, several incomplete sections cf 
Juracsic beds are present. At one locality 120 foot of dark clay shale 
overlies Triassic chort and cherty limeatono and are capped by a sill 50 to 
75 feet thick. The shale is poorly indurated, slightly calcarsoue, poorly 

4......11111111111W AIMINWINIMI1111011MINEIPWINII 411100.0 

7/ Tailleur, Irvin L. and Kent, B. H., op. cit. 
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}..; s_sG11 :* ,• •'.."...i1.177'j..".!.1 C::- .J.:.:?.7.7::f..j..0 ..2:-."'L C:. ..,:, Ci1 ) .,:- ... - - . 1 -

A cluaier Ina° .T..t,h of th 35 fc:c?':, 
cLiciireous ehsles c.1-1d 

c„nl•silicified ,..c!,eino of pc.11c;.;-)213 in the r,h. 
• foot th12 bcd3 f.„-1 
lhale bunk. 

ê -} hii;; 
with !tones of pyritic J,(:r chort and paper ehele ore 4:32!CCie. 

tho Shublik forL:.tio. The roltionchips to 2trata concdpin;; AccJiu 
bronni rrc ind,:.t?.r.i.neto. • 

A sctn of a 1:;;:;o.xedIt ooio : 1- .lt!one i.JA 

•.• • I • • • • • • • .1. I Iftslal• 

. alo4g t 
loweT Ipnz7rik rivEr Z703.5tM the plcin nol. th of Vie 
complex. No 1..it:•ipolic unit c c prezw.t that Lome as cYlinitivo 

nur!:ers. 11:e fitt:r.1; f1.6 SO C01,:)11.CLt:A thalt pl.-(41.:;-
loits or %hic:crl,:;s!,- rr4 pcesible. 

Th!) is exx.;ed in dicecntuF 

At 1:13; olo,;ic di• riora5 JIv be ixde. The boundaries tc, 
tmxn unite EiV n4t iil.vp; and oaa divisicl G 1.ar!..eble in lithology. 

The la-;ar cvneistinz of sevcral hundrod feet of siltstone 
shwa° in veryir.g prci3crtdonrs in present in th,) Nost southerly zone of c_t8. 
• siltstonc is jr6ons lozally oca.cous:and distin1cuish7:d by 
rip led and curly b4 do ocused by currcnt action or elunping. The 8 -17.1.1s 
ia generally silty, dvrk„ and evenly thou 11 variably bedded. Expoeuros of 
the unit are se:Jo-Act dietin.otis in th.o.t intorbeding Jo fairly r 
lar and coLlmonly producs uribbc:d,' otitcrups. 

Along the southern crea of (,:.-1:os.o_res the middle•unit, 
•undstrcdned thickLc=zo of shale., clay, ;.:ilts gradationally averlis 
the lowor siltstme-!hzdo unit or occurs doservable relations!-Iin to 
that unit. Only a minor zeillou:It of siltstJne is pres, 1 and distinctly 
bedding is charecterictic. 

Near the 1Laxth of the Ipmxik aiver allot!..1,2: litholo,;ic unit overlies 
the siltstonc-shale. The lcsor 100 to 200 foot consists. of avonly bcdd;2:, 
flaggy weat.hlrini;s finf-2:rained sub4rAywacke sandstone. This gre.d,.3s 
throu6h 1ig!lt5r-colo:ycls lov1; --ion cements(' ev.rd into e dclilinantly shale ts.?c-
tion. Although differing in litholoa as well as in geog.7aphic position; 

stratigrapi-lic ,2ositions indicate a tentative correlation. 

The upper litholoLic unit is besr:: developed on the eastern and of the 
east-11(7ring part of ti.w river. }ere 1- to 10-foot nessive beds of medium-
grays fine- to meeium-rainod .a.ndstone ere present in a clay shale seque4ce. 

https://gre.d,.3s
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C rs.!Z.LCCi.t•I'At?.(3 of •••/1. 4:-;3 to:,;*; of bc,t-le. 
the caLcist anJ fern3 
irr3zular ter q'.11en tho bcd07:d oiltAone 
Somn of th weather a dieUnctive reJ. 
Perhaps of grato:7 is the de,ainently 
composition of the shale. LetIc of prcminent bedding is oleo 
of the beda Loy:'; en rasZ...vc. 1-4-d.c. are Ole atones that reua:‘,-.11er cer-
choidarly. 1 her..) :.:0.-L.,C.t.;n!7. is Cbent, cvoilly bedded silstene alt3r-
utee irrogulurly but •in lesJer p.:oportions than in v. 

eiltstene unit proptx. 

Another criterion of this unit is the relative concentration of focal ': 
However, this is not cenclusive evidence. 

The mapping of unit contecta was largely arbitrcry. In sa2 ;daces?, 
strati graphic deterzinationn are contradicted by local structure. Faults 
are pro'Jsbli ixv,all:Lt throughout thl area and may account for Jcaqy of t.%.3 
diEcrepancies. 

Little struetural speculation is possible. Except fur the open fold 
or the upper unit near the mouth of the rivr, 121e degree of deformation is 
surprisingly constcnt. itinur sharp folds «ra present in the - shale and silt-
stcile units in the c:aith. Axc.s of acme of the al.:all folds substantiate the 
preecnr:e of 1.-.7oilci.cr (1 to 3 mile) st;.bucturee outlined on the basi3 of lithol-
eL:y. overte:iliug of beds is covx.:cri in the southern area, perhaps 

alere, the :aid'. •'3 part where bedding attitudes suggest less intense 
folding. 

The szlall fold t::ec rixovcale Ehcsin on the map represent asparictrie 
fole that ran ,:;e froel 2C0 to 500 fest ;Icss. The larger structural axon 
ale:3z; thc :Li:t .r:! postulat.ad 14,7inly on t'ile basic of lithology. The 
persistent struuural grain is N.70°17. Local varinticna probably result 

plunge of the lorger structures. iihat informeti.on was noted indiectes 
a flat cast plun',;(3 of the structures. 

Structural evi,lence augsests the presence of a )erg© structural high 
near the middle of the lower Ipni.vik River araa. 

CONCLUSIONS 

Structural Lrld atratigraphic evidence is inconclusive. The presence 
of an anticlinorf:.um iu not definitely established, but the presence of a 
ai6nificantly lvrgo structure is not disproven. All evidence considered, 
a regioral rovercal is suggested, with the crestal region at lat. 6d4950,N. 
The outcrops there cppoar to be low ful the Torok action, perhaps near the 
base. 

The area nay be promising for testing the Lisburne limestone. The 
presence of a fairly thick dolomitic phase in the Lisburra Ridge 16 miles 
to the south shows that favorable reservoir conditions exist in the Lisburne 

https://anticlinorf:.um
https://informeti.on
https://postulat.ad
https://1.-.7oilci.cr
https://rasZ...vc
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: _ ' • t f; z 17, " fi.et sr: 

A ,•'• .f... I.Cr 

c-: 

4,r(30. fict in for t.„1.2 
th-3 %.1.1C: 

j•L2 j.n th2 
fcc.1,„-

c.;..'..fita J. 13 ttat 
- ILL-.2.3roms uLcortfo-Y g!.cut, 5(.0 fcli; et the 14:1.ztur53 zt-,-

it:;.•16, "lit% ISCA;tic:rt;hava bean nateds post-Triasoic„ 
Toro?. ;31612.43 unit, taxi within thu 

?_argely in nature, affectvd 
z far north a3 the Ipnavik 1ti7ar is a queetion. The 

dt.erCiteed by 1,500 feet, not considerinz 
thf.i-2.1,v.3.11 of -;;;.-lo docrow:a that may be caused 

If the eu.c.u.r.fr,.). ,3 to'i of the conforms to the confi-
urc-i-don of 1.:i7orrt...?., it3 ilevcdopment the structure 

too clomare or losUization of highs. 1-1z.7--
ever, c2.osun3 yiy4f b indlcat:61 1.-y; (1) the .1.,isblarne Ridge, 16 south, 
it a rolt.tivo3,y nE:rr,a: fold v;it'a bedo on the north flank and b3da 
ciipidni; 70°on the 3e%lth gle.ni.:; (2) the rvgionel reversal is on the order 
of Na.nuahuk - the Torok at. the surfa.ca is folded more intenselyetrlictur',.:;e; 
thin INi.:,158 the basis of inzcci-potoncy alone; (3) structural. 
and stratizraphic hijks wore develo x)d during Torok time on the north marg,in 
of the Foothills cmplex; awe manifestation of this deformation would be 
en,t;cted to the north; (13) a susg3sted pro-.Parr an warpirg rec....zs to have a 
regional aspect; ( 5 ) the structural. history of the area inTldiatoly south 
includes, in part, recurrent rao7ezant along early trends. Instead of abt.7encil 
of B:,-.tisfixtory st.vacturo at do +:, the rtNi-irc.:: bo tract. 

The peavibility is grer.t, thersforom that 'tha Lisburne is proaent at 
attaineble dcptlIc a.:.d with favorablo rozurvoir and structural conditions. The 
aurfitco expremkon io too broad and information too meager to permit limitini; 
a teat area with an asaurence that such a toot by conclusive. An ac dsd 
difficulty is that surface data may not be indicative of subourfaco comlitioas. 
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https://surfa.ca
https://thf.i-2.1,v.3.11
https://31612.43
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