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PRELIMINARY REPORT ON SELECTED SECTIONS OF LISBURNE akESTONE, 

BROOKS RANGE, ALASKA 

AY 

William P. Brosge„ Hil/ard N. Reiser, Vincent E. Shainin, 

Arthur L. Bowsher, Sr., and Claire J. Gudim 

INTRODUCTION 

Location: - This report describes sections of the Lisburne limestone 
Tailarerin the foothills and northern mountains of the Brooks Range, 
Alaska. The area covered extends along the front of the range from 
Sagavanirktok Lake (66°26 N. - 149°25' W.) west to the head of the 
Kukpowruk River (68°25c N. - 162°40 0 W.). The southernmost point in 
the area is at the head of Alapah Creek (68°110 N. - 150°40' W.) and 
the northernmost point is on Lisburne Ridge just west of the Etivluk 
River (680360 N. - 156°40" W.). 

Field work was dune by the authors at Sagavanirktok Lake, Kan-
gyut Lake, Alapah Creek, the Anaktuvuk and Tiglukpuk Creek, and 
Chandler Lake. Brief visits were made to the Lieburne Ridge just 
north and rest of the junction of the Nigu and Etivluk Rivers and to 
outcrops of Lisburne limestone along the Kiligwa River (68030' N. -
158°35P W.). Data from other areas included in this report were col-
lected by other field parties of the U. S. Geological Survey. A. L. 
Domeier, Sr. .and J. T. Dutro, Jr. studied the Lisburne l'w1! ,stone at 
Kanayut Lake, Nanushuk Lake, and Itkillik Lake in 1949 W. W. 
Patton, Jr. and Irving L. Tailleur described the Lisburne limestopK 
exposed in the no:ethern B;Teks Range along the Kiruktagiak River ;(1 
and the OkokMilege River I in 1949, and I. L. Tailleur and Bion H. 
Kent have supplied 4.1ta on the Etivluk-Kiligwa Rivers area from their 
field werk of 1950 cW. R. M. Chapman, G. D. Eberlein, and C. D. 
Reynolds measured sections of Lisburne lr3toç at Kurupa Lake and 
on the east fork of the Etivluk River in 1950 E. G. Sable and 

l/ Boweher, A. Lop and )utro, J. T., Preliminary report on the Miss-
ressippian rocks of the Ylneyut„ Nanushuk and Itkillik Lake areas, 
Alaska„; U. S. Geological. Survey, Navy Oil Unit Preliminary Report No. 
21, 1949. 
2 Patton, W. V. and Teilleur„ I. L., Stratigrap4 and structure of 

e Okpikruak and Kiruktagiak Rivers area, Alaska; U. S. Geological 
Survey, Navy Oil Unit Report No. 34, 1950. 

Tailleur, 7. p(rsonal communication. 
TaiUeur L0 anL Kent, B. H., Preliminary report on the strati-

graphy and structure of the Upper Etivluk-Kuna Rivers area; U. S. Geo-
logical Survey, Navy Oil Unit Preliminary Report No. 341, 1950. 
5/ Chapman, R. M.0 Eberlein„ G. D., end Reynolds, C. D., Preliminary 
report on the stratigraphy and structure of the Upper Oelamnagavik, 
Kurupa„ and Etivluk Rivers env.; U. S., Geological Survey, Navy Oil UnA 
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M. D. Mangus measured the prtion on Ilighliruk Creak near the head of 
the Kokolik River in 1950.:( 1, and Chapman end Sail/ve measured the sec-
tion at the head of the Kukpowrok River in 1949 

Purpose of the work.--Bowsher and Dut'o in 1949 'divided the 
Lisburne limestone of the Kaneyut Lake-Itkillik Lake area into two 
membere and 14 lithologic unites. The roc!c:F. of two of these onee are 
dolomites that are porous enough to ea reeervoirs for accumulations 
of oil° The purpoee of the 1950 wore was to determine the lateral 
extent of the members and zones set ep in 1949, and the lateral changes 
in lithologic facies within the membare, lelth the hope of defining 
poroue zones and their northward extvat uelier Naval Petroleum Reserve 
No. 4Q 

Field Work.--U. S. G. S. Party Noo 3 consisted of William?. 
Bro867THIF17=Vincont E. Shainin and Hillard N. Reiaer, geologists; 
Co J. Gudim, Stephen E. Deornik„ an John Li. Downs, field assistants; 
Bernard F. Arehmet, camp hand; and 'Pellieo,L. Nystrom, cook. A. le 
Bowsher was with the party for the Perst month. It was planned that 
the party be based in field camps at five large lakes accessible to a 
DC-3 on skis and to a Norseman on f2oate. Travel to and from the 
field sites was to be by U. S. Navy helicopters based at the field 
camps. The Navy crew consisted of i Richard Carleton, the officer 
in charge, Chief Aviation Pilots Jor;44 an Braunfield, and a five. 
man ground crew. Caches of food and eviaUon gasoline were set down 
at Kaneyut Lake, Sagavanirktok Lakes Chandler Lake, and Nigu Lake; 
a gas cache at Sholtongs Lake and a food cache at Xenoxeeduitl Lake. 

On Ney 24 Dwornik and Broege were landed on the Karayut Lake ice 
by the Norseman. The rest of the perty and equipment airived by G. 
on skis on May 28. The next day tho helicopters, UP-20 and UP-34p 
landed at the Kaneyut camp. 

The party was at Kaneyut Lake entil June 28. Under the guidance 
of Bowsher the men first feeiliarized themeelvee with the stratigraphy 
at Kangyut Lake. June 8 tc 16 were spent in measuring the section on 
the west side of the Anaktuvuk Rivar to *which the helicopters carried 
the field men on daily fliehtso June 17 to 23 the field party stayed 
in a spike camp near the head of sCapah Creek and was sepplied with 
food by helicopter. It wee planned next, with We u. Paton, to make 
a brief inspection of the Jisburne limeetone on the KireAtagiak River. 
On the morning of June 25 lelicoptee UP-200 Braunfielda pilot, took 
off to carry Patton to a rundezvoue point on the Anaktu-ruk River. 

y Sable, E.G. and Maneusa U. D., Preliminary report ce the etrati-
&raptly and structure of the upper Utukok and Kokolik Riesre area; U. So 
Geological Survey, Navy Oil Unit Pl'aliminary Report No, 22, 1950. 
74/ Chapman, R. M. and Sable, E. Go, Stratizraphy and s'eructure of tho 
Kokolik and Kukpowruk Rivers area, Alaska; U. S. Geological Survey, 
Navy Oil Unit Report No. 33, 1950. 

Beweher, A. L. and Dutroa J. To, op. cit. 



Helicopter UP-34g piloted by Lt. Carleton, cith Shainin and Downs 
as passengers, followed c few minutes latc-- After a normal take-
off UP-34 lost power and eettled onto the lake. The lake ice was 
an the verge of spring break-up, and was t(o weak and honeycombed 
to support the weight of a man cr plane. Ihe helicopter broke 
through the ire, but florted long enough fcr all three occupants 
to get out unhurt. Ltu (arleton, followed by Downs, managed to break 
a way through the ice to an open lead and both had swum to shallow 
water by the time help a: rived on shore. 21ainin did not follow 
Carleton and Downs but s- gyed in the pool of open water where the 
helicopter had broken th•ough the ice. A boat had been brought from 
camp, and Braunfield, se sing trouble, had returned with the other 
helicopter, but Shainin xemmed just befca. help got to him. 

By mutual decision f the U. S. Genlo :ical Survey and the Navy, 
it was decided to stop hIlicopter opimra.ti9Ls, and the remaining heli-
copter returned to Umiat, Plans for field work were revised, limit-
ing field work to areas accessible by foot from camps at the cache 
lakes. This eliminated crily further work la areas of Lisburne lime-
stone near the Brooks Rgige Divide. Plano for work from the Shelton 
Lake-Xenoxpeduitl Lake cache were abandanulbecauee the camp site 
there was too far from catcrope of Lisburr3 limestone. 

To rebalance the f3ld party, C. J. Gleben was asked to assume 
the duties of a geologitt in place of V. h. Shainin, and B. F. Arm-
brust was promoted from eamp hand to field assistant to replace Gudim. 

On June 28 the 'early began moving to 3agavanirktok Lake by Norse-
man on floats. Much of the extra equipmeri; that had been needed to 
maintain the helicopter craws was returne< to Umiat. The move was 
completed on July 1. Tie party mapped am measured sections within 
a radius of about 4 mil, s of the Sagavanilktok Lake camp. 

On Jai 15 the Nor eman carried the larty and equipment to Little 
Chandler Lake. The par y camped there umil August 8, measured sec-
tions and mapped the Li burns limestone le, It from about 3 miles west 
of the lake to about 5 Iles east of the : ake. While the party was 
at Chandler Lake, H. N. Reiser and J. H. cmno spent July 26 to 
August 6 at the camp of Party 2 on Tigluk kik Creek and measured the 
two sections of Lisburn 1 limestone there, one in the front of the 
Brooks Range and the Qt ler in the large clticline4ust north of the 
Range0 

Augunt 8 to 10 the party moved by Ne.seman to the cache on the 
Nigu Lake. A search over 60 square miles by foot and over a wider 
area by plane showed nc outcrops of limae:cne within workihg distance 
of this camp, so plane rare made to set L) a spike camp for two men 
at each of several expcmres of linestem to the west. Lack of plane 
support delayed these moves almost until :he end of the season. On 
August 29 the Taylorcraft carried Reiser erad Dowls to a small lake 
in front of the Lisburne Ridge just west af the Etivluk River. The 



!X to L:ip P. ) On thC 
ig& iivi: !i; 3' s'i J. ti 'in cr ii.J rc!aindor of tht"i 

party returned to tJiiit, xror 1 Roi &cA Dorn8 \'rere 
fln to Unint frm the Lsburn lidge. Gud.tn ricI Brog3 went with 
Party 6 on a four daj spike trip by mcol to the hed of tho east 
fork of the Kiligra Rivor, nd rttrned to Utht on Sopterifoor ) 

STRATIG!thP1-IY 

The oldest strata seen this year were about 1,300 feet of Dvoflii 
linatone that lies in a fault slice at the head of the East fork of 
the Kiligwa River0 The exact eti'atigrphic relatonl3hip b3t9een this 
1ieatone and the rest of the Paleooic rocks is not knn. It may b 
equivalent to, or older than, the basal idtones of the Noatak for= 
ination of the eastern part of the area0 The Jiwonian limestone will 
not be discussed further in this report0 

The Notak formation is the oldest forIAaton seen as part of a 
sequence continuauo iith the Lisburne linstone0 It is present 
throughout the length of the Brooks R&nge ccrrered in this report0 In 
and east of the Kurupa Lake area the Noat.ak formation cons15t8 of a 
lower sandstone member about 14,000 feet thick and an uppr shale mem 
ber about 900 feet thick0 The age of the baa3. sandstone of the lower 

mber is probably Devonian; the shale member is Mississippian. The 
Lisburne limotone ovsrlies the shale member of the Noatak formation. 
The limestone has been divided into three meier8: a lower member, 
the Vachenith, and two intertonguing upper hers, the Alapah and 
1iruktagiak, In the eaeterri third of the area the Litirne limestone 
consists lQrgoly of cherty hydroclastic limestone and dolcmite of the 
V1achexmth and Alapah members, Sone shale is interbedded in the lower 
part of the Wachsiaith member, and shale is present in thin tongues of 
the Kiruktagiak w.et.ber near the top of the section0 In the wscstern 
part of the area the Kiruktagiak tongues are thicker Shale beds and 
coarser dstrital grains in the limestone range to the top of the 
Wachsxith member in the central part of the areas in the far west this 
member consists mostly of 8i1ty and snc limestone and e sandstone0 

At Sagavanirktok Lake and in the Chandler Lake area rocks of the 
Sikaikpuk group (new naire) overlie the Lisburne limestone. The Sikaik 

ik group consists of sha3,e, ailtstono, siicified siltstoe, and 
bedded chort; it is Pennsylvanian to Permian C?) in age0 It is pro 
bsbly present above the I burns throughottt the area but has not yet 
been differentiated froo the Trias sic Shublik formation in areas west 
of the Okpikruak River0 The Shublik formatior is noetly &ha1e0 It 
overlie a the Siksikpuk group cherever tht, latter ha ben mapped. West 
of the okpikruak River present maps and sections sh the Shublik forma'--
tion directly above the Lisburas limst one. 

At Sagavanirktok Lake the Shublik formation has been thrust upon 
Cretaceous sandstone and conglrte that have been assigned to the 
Torok formation by E. H0 Lathram 2'. 

9/ Lathram, E0 H0, pore anal comication 
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NOATAK FOMATION 

10)The name Noatek sandetone res first uced in 1913 by P. S. Smith ' 
for the rocks expoeed along the Ncatak 1I5Ner .eLar the moat% of the 
Nimiuktuk. These rocks were essignsd a Niesissippian age on the basiu 
of the Mississippian fauna,;ound in shale near the top of the section. 
In 1930 Smith and Mertie .4:±1ineluded in the Noatak sandstone the rocks 
along the Anaktuvuk rex. thw 
series by Schrader ?el. Then, 
of conglomerate, sandstone an 
black shale, which is in turn 
They are part of a belt of re 
where the same sequence has b4 
divided this sequence at KaniN 
the name Noatak to the black 
rocks t conglomerate. 
bruch 4PlIve found the proh 
tions in thorpe area of e

1 3 tBowsher 1and all others ca 
names, Kangyut conglomerate al 
in 1949, for the time being & 
member and the conglomerate m 

ihad previously been called Stuver 
1 rocks consist -of several thousand feet 
shale ovorlain by about 900 feet of 
overlain by the Lisburne limestone0 
i.C8 that can be traced to Kangyut Lake, / 
on mapped. In 1949 Bowaher and Dutro 
ut Lake into two formatione, restricting 
hale unit and naming the underlying 
n 1950 Dutro and Lachenbruch and Lachen-
ble equivalents of both those new forma-
Noatak sandetoneo It is though best by 
corned to defer acceptance of the new 
d Noatak shale (restricted) as proposed 
d to refer to the units as the shale 
mber of the Noatak formation. 

Conglomerate member.--The conglomerate member of the Noatak 
formataliTiiiiigiFfiai-present at the bare of the section from Saga-
vanirktok Lake to Chandler Lake. Bowsher and Dutro have divided it 
into three parts; at the icangyut Lake section the lower unit of brown= 
weathering sandstone and conglomerate is more than 1,6o0 feet thick; 
the middle unit of massive conglomerate is about 1,200 feet thick; and 
the upper unit that consists of about 30 percent conglomerate, 15 per-
cent eandstone, and 55 percent silt and clay shale is about 1,030 feet 
thick. The pebbles and cobbles of the conglomerate, as well as the 
grains of the sandstone and of the conglomerate matrix are meetly 
gray to green chert and quartzite, with OCAMO vein quartz. Little map-
ping or stratigraphic work was done on these rocks in 1950. At 
Chandler Lake and Sagavanirktok Lake the lithologic sequence is like 
that at Kangyut Lake. Only plant fossils were found in the upper 
1,000 feet of shale, but brachiopods, assigned a Devonian age by 
Bowsher, were collected by him in 1950 from the basal part of the con-
glomerate member east of Kanayut Lake. 

10/ Smith, P. S., The Noatak-Kobuk Region, Alaska; U. S. Geological 
Mirivey Bull. 536, p. 710 1913. 
11/ Snaith„ p. S., and Mertie, J. B., Jr., Geology and mineral resources 

Northweetern Alaska, U. S. Geological Survey Emel). 815, Po 155, 1930. 
if Schrader, F. C., A reconnaissance in northern Alaska; U. S. Geolo-
acal Survey Prof. Paper 20, 1904. 
13/ Bowsher, A. L. and Dutro, J. T., op. cit. 
4/ Dutro, J. T., Lachenbruch, M. C., and Lachenbruch, A. H., Prelim.. 

Iliery report on the stratigraphy and structure of the Nimiuktuk, 
Kuguroruks and part of the Noatak Rivers area; U. So Geological Survey, 
Navy Oil Unit Preliminary Report No. 35, 1950.
15/ Bowsher, A. L., personal comunication. 



Snton: cb)iy U.iXLJ.le!t to azt (V thu. co oerato urn 
btr underlie til f the area trco arrd igu bao. A aection 
about 12,000 feet thick was roughly rr.aured on the nountain 3 miles 
northweet of the lake. The loet 14,300 feet consists of about 10 
percent tinegr&ined rna3sive smndsturLe 50 pbrcent thin=todcied, fine 
grained ferruginous andatone, and 140 percent red and black shale and 
phyflite0 Above th.ib is a unit 3,300 feot thick consisting of 140 perU.. 
cent massive aandtone, 140 percent thin-be4ed svdstone, and only 20 
percent shale0 The top 14,1400 feet o1 section is alnost entirely 
massive sandstone, fine to nEdium-.graincd, with 10 percent thix 
bedded sandstone, and 10 percent shale0 The sandstone of this section 
and of all the area travorsed have about 90 percent whitb quarts 
grains. Clay galls and ironstone concretions are comn in the and-
stones, but the chsrtpebble conglcinrates typical of the mezbor at 
Kamyut Lake are almost absent., Only one such bed, about 30 feet 
thick, was found in place, and a couple of boulders of chertgranule 
cong1zeerate were found in the bed of one mountain stream. No foe sue 
except pl&nt8 were founch The continuity of this 12,000-foot measured 
89cti0n is uncertain0 No physical evidence of faulting was found there, 
but such evidence is lacking in many places to the east where iiubri 
cats bedding..p1ane thrusts were mapped in the Lisburne on the basis of 
duplication of esetion. Here, however, the gradational change in the 
percentages of shale and massive sandstone in the section make it 
appear to be contitoue The one crossbedded sandstone found was 
right side up. If these rocks are equivalent to the conglorate mei 
ber of the Noatak formation mapped at Kansyut Lake, they represent a 
niich finer-.grained facios0 The loner shaloy gone at Nigu Lake m&y be 
a finer facie8 of the 1zor ndstone and conglomerate zone at lcanayut 
Lake, and the upper sandstone zone may be a finer facies of the middle 
conglomerate z oni 

Shale member.'T1ie shale member of the Noatak formation has been 
found just beneath the Lisburns limestone from Sag&vanirktok Lake to 
the East Fork of the Etiviuk River and probably continues w03t of 
there. It c oformably (?) ovurlies the conglomerate mether, At 
Kanavut Lake the basal part of the shale member is 159 feet of ferru 
ginou8 sandetorie Above this is 622 feet of black shale, then a zone 
of U,3 feet of linestone, 110 feet of black shale and an uppermost 1? 
feet of red-weathering limestone0 This sequence of sandstone, shale, 
limestone and shale is typical of the shale member along the front 
of the Bi ooka Range Thickness of the member at iSana.yut Lake, Anak 
tuvuk River, and East Fork Etivluk River is 991 feet, iot feet and 
8140 feet respectiveLv0 In the southern belt of shale of the Noatak 
formation at the head of Alapeh Creek, this sequere is only 1453 feet 
thick. The basal sandstone maintains its thickness of about 150 feet, 
but the shale8 and limestonos are niich thinner than in the northern 
8ectiOz15. Beneath the basal sandstone and above the top of the congLon 
erate member is a unit of shale and lenticular sandstone 1,500 to 
2,000 feet thick, capped by 50 feet of massive sandstone0 There are 
plant foe 8i18 and some bony coal in the upper part of this unit, but 
no fossils by which it in8.y be correlated0 The unit has not been found 
elsewhere in the area0 
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:JILbi 

(Kindff400lcifin) fooaile fcr2.n1 in thu uppzr 
Lake in 1949, and at Anaktxruk River and the head of Ilevyah C:oeok 
in 1950. Nona but plant fossils have bticn found in the loJer part of 
the member, but it is all'cunsidsrod to he of Kinderhookian age. 

In t1-1 Wicza lr, 1- . of 

LISBURNE LI1JESTOIE 

In 1904 Schrader 2:.:71 called the limostones on the Anaktuvuk River 
the Lisburne formation after limostonois exposed at Cape Lisburno. In
1949 Bawsher and Dutro measured sections of Lisburne limestone at 
Kangyut Lake, Wanuehuk Lake, and Itkillik Lake, and divided the roma, 
tion into two mekbers, the Wachamuth and the Alapah, in ascending 
order. The Vpe localities of these meMbers are at Mt. Wachsmuth on 
the east aide of Kanayut Lake. The division between members is based 
upon faunal as well as lithologic differences. The Wachsmuth fauna 
is Lower Missiesippian; the Alapah fauna, Upper Mississippian. The 
Alapah member is characterized by lithostrotienoid corals, which, at 
Kanayut Lake, range from the base to near the to of the members but 
do not occur in the Wachsmuth member. At Kanavut Lake the contact be-
tween members is a disconformity of lm relief upon which fish teeth 
are concentrated. 

Bowsher and Dutro subidivided each member into lithologic zones, 
most of which were traced east from the Kanayut section to the Nanu-
shuk Lake and Itkillik Lake sections. 

The lithologic zones of the Vachemuth member at Kanayut Lake are: 

Zone 4 - Mostly fine-grained limestone interbedded with nodular lime-
stone and some coarse-grained limestone. 

Zone 3 - Mostly fine to coarsely crystalline dolomite and BOMO fine-
grained limestone. 

Zone 2 - Coarsely crystalline dolomite. 

Zone 1 - Coaroe-grained limestone, argillacems and shaly limestone. 

The lithologic zonasof the Alapah member are: 

Zone 9 - Fine-grained limestone containing large nodules of silicified 
limestone. 

Zones 8, 7and 6 - Mostly coarse-grained limestone. Zone 7 is charac-
terized by unusually small lithostrotionoid corals. 

16/, Bowshers A. L. and Dutros J. T., op cit. p. 10.
Vly Schrader, F. G., A reconnaissance in northern Alaska; U. S. Geolo-
gical Survey Prof. Paper 20, 1904. 
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Zone 5 - shel6, enfi siliceoua 

Zone •L - Interbedded coaree-grained and nodular fine-grained limeatone 

Zone 3 — Coarse-grained limestone. 

Zone 2 - Fine-grained limestone. 

Zone 1 - Shady limestone containing betryoidel chert nodules and abun-
dant Large black silicified gastropods. 

Graphic sections of these zones are shown in plat* 1 of this report. 
They are described here in diffore0 terms than those used by Bowsher 
and Dutro. Accordine to Krynine 2:4 almost all the Lisburne limestone 
is composed of elastic grains of organically-produced calcite. There-
fore for this report the limestones have been described as fine-, 

medium-, or coarse-grained in term' of sand grain sizes. The 1949 
notes and sections have been translated into these terms. 

A third member, the Kiruktagiak, was dn bed by W. Ti. Patton, 
jr. s from exposures on the hiruktsgiak River. ±*-- o The member there 
consists of chart, shale, shaly limestone, and phosphatic limestone; 
it has an Upper Mississippian fauna. It is overlain by post-Lisburno 
rocks formerly called Triassic, and lies upon coarse-grained limestone 
of the Alapah member. It was therefore described as the uppermdst 
member of the Lisburne limestone. The Kiruktagiak River section is 
also shown on plate 1. 

Bowsher and Dutro and Miss Helen Duncan have compiled a ,handbook 
of fossils showing ranges in the sections studied in 1949 R.Some 
fossils have been shown to be characteristic of certain zones in those 
sections. No time significance has been attributed to these fossils; 
the presence of some of them is certainly controlled by the lithologic 
facies, 

One aim of the 1950 work was to trace the members and lithologic 
zones from the type locality to new sections of Lisburne limestone. 
Many of the zones have been traced by correlation of like sequences of 
lithology with those at the type locality. Some of the characteristic 
fossils have been found in these zones. In places the typical litho-
logy of a zone is absent at the proper level of the sone in the se-
quence. In these places the lithologic zone, as defined, does not 
exist, but the zonal boundaries have been traced through on the basis 
of fossils. 

IQ/ Krynine„ P. D. and Folk, H. L., Petrology of the Lisburne Limestone; 
U. 3. Geological Survey, Navy Oil Unit Special Report No. 220 195on 
19/ Patton, W., W., Jr. and Tailleur, I. L., opo cit. p. 3. 

Bowsher, A. L. and Dutro, J. T., A handbook of some Mississippian 
TZSsils from the central part of the Brooke Range, and Duncan, Ho, A 
preliminary report on the Mississippian Corals and Bryozoana from the 
Brooks Range, Alaska, U. S. Geological Survey, Navy Oil Unit, (not for 
distribution) 1950. 



Bowshor hc.s• o7RInimc. sol7; of th6N.,:: cri,tical fossils collected in 
1950 at t1-1,, Uo S itiQ.Unf7cx.:.10 but x.15t of the rest of the paleon, 
tological vTork on which this prelininary reiport in necessarily based 
has been confined to field idontificationo It may be that laboratory 
study of all the fossil collections will show some conflicts between 
the faurlal evidence and the lithologie coa'relations given in this re-
port. No faunal lists have been prepared, but the fossils that are 
important zone markers will be mentioned in the desciption of the 
zones. 

SUUARY OF RESULTS OF P7EanA 
This report not only deals with the results of ield work by 

Party 3, but also attempts a correlation of almost a 1 sections of 
Lisburne limestone meaeured north of the Brooks Rang divide. The 
conclusions and most of the field data of the partyc min work are 
on the geologic map (plate 1) and the fence diagram loacte 2). 

The fence diagram shows all Lisburne limestone ;actions measured 
by Party 3, and also dhows the sections of Bowsher a Ki Patton at the 
type localities of the members° The detail of descr .ption and of 
division into lithologic units has been reduced by a xxrt one half from 
that of the field work. Boundaries of zones have be cram by the 
methods just described. In order to make a continnc Ls restored sec-
tion between the correlated measured sections the bc indaries of litho -
logic units smaller than zones have been extended fr mil section to 
section. Although these correlations within the zor are true in 
general, they may be inaccurate in any detail° 

The interpretations of data gathered from other field parties is 
shown on the restored sections (pl° 3). This work consisted largely 
in recasting all the lithologic descriptions into the stereotyped 
categories uaed in plate 2 and then making correlations based on 
lithology and faunal control. In maw of the areas diagnostic fossils 
are rare. Soctions are lacking to show details of the abrupt change 
east of Iligluruk Creek. Detailed descriptions of the individual sec-
tions are given in reports of the other U. So Geological Survey field 
parties and will not be repeated. Unless specifically stated, the 
discussion of Lisburne limestone will deal only with the Sagavanirktok 
Lake to Chandler Lake area. 

The seasonos fieldwork by Party 3 showed that: (1) The Wach-
smuth, Alapah and Kiruktagiak members are mappable lithologic units 
along the north front of the Brooks Range. Within the range, at the 
head of Alapah Creek, those members were distinguishable only with the 
aid of fossils, (2) The Kiruktagiak member in its type locality is 
equivalent to the fifth lithologic zone of the Alapah member at Kanayut 
Lakeo It is one tongue of a shaly fades, of which another tongue lies 
above the ninth zone in some sections° Both tongues are here desig-
nated Kiruktagiak memberp (3) Most, but not all, the lithologic zones 
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cn L :i : .... oI ct.; 
ior8 re ;id o;;.0 cL1J5.dJc ifl t11 
Wachrnith norb'r; on 1 and 2; :d :o:i 3 and ., In the f1apzh 
member: zones 1 md 2; zca 3 v.nd ). o:c !, the 1or tnu of 
the Kiruktagiak 'abr; .ones 6, 7 . on 9 th uppe' tu; ot' 
th Kixktagiak 

ACHSLUH 

The Wach.utth meior evro 1i.e .pon the Notak shale ansi 
berathe Alapah member of the Jhwn J.1r3ton,0 j3grrahor nd 
Dutro ./ suggeet that both contacts ae at diiconformitios0 The 
base o.f the member is drawn at the fauna]. break just above the red-j 
weathering Lerruginous limestone ol' the 1oiit.a1c. Limestone at the 
base of the member are like the Noatak 1imetons in grain size0 At 
Chandler Lake and at the head of Alapah Creek the lowest So feet of 
the Wachamuth member i mostly z3hMle, and in other sections this in 
terval includes shaly limestone, suggesting that the environment of 
deposition of the lest Wachsrrit1' as siid.1ar to that of the upper 
Noatak, 

In the Canayut LaIe to ItkilUk Lake area, the disconformity at 
the top of the Wachsiath member is marked by local concentration of 
fish teeth, phQsphatic concretion, and chert pebbles along a surface 
of low relief, as well as by a change from Loor to Upper 3Iiseissippitn 
faunas. This disconformity w not found in the other areas. At the 
Anaktuvuk River fish teeth and frvgments of lithostrotionoid corals 
were concentrated at the base of bed of very coarse grainod, irregu-
larly bedded limestone. This ras tentatively chosen as the discon-
£orimble contact, but abandoned in order to include in the Alapah inem-
ber anothar zone lithoatrotionoid corals found a short distance below0 

The thickness of the Yachamuth member is shown on the iecøpachaus 
map (fig0 l) It decreases con.sistentLy to the north, Itost of the 
decrease represents northward thinning in the third and fourth lith. 
logic zones shown in figure 2 Zones 1 and 2 form a unit of fairly 
constant thicknaes West of Chandler Lake the Wachenith member thick 
fran abc.it 900 feet in th Chandler-Okoitmilaga area to 1,3!io feet at 
ilurupa Lalce and to about 6,500 feet at LUgiuruk Creek near the head 
of the Kokolik River (see p10 3), 

Lithologic zones 1 and 2.-These onea together form one of the 
most conaistenrflthalogIc units in the section, althigh they can be 
differentiated in most sections0 Lithologic zone 2 is distinguished 
as a thin unit of coarse-grained Limestone or dolomite fron Sagavan 
irktok Lake to tho Maktuvuk River. L±tho1o4c zone X is largely 
coarsegrained limestone with interbedded shaly and nodular limestone 
and se clay shale near the base, East of Kanyut Lake the zone 
thins, and the shale and shaly limestone thicken at the expense of 
the coarse-grained rocks0 

21/ Bowsher, A0 L0 and Dutro, T0, Oo 16.J0 cit0 p0 



At.. i :: 1 d 2 i.:.c;i:bJ.e0 uoth in-
ciuth. undLnt oui' ci'y 1itone. At Ku.rupa Lake 
the coregrinad 1to::a int:. cd with c1;y shale thrgh 

.it0 Here & ne lithoioic unit of .i -rEnecI nsivo 1ietoe 
&ppO&IS &)OVO the rock3 that ci-i b cor .'- 'rith ?.On3 1 and 2 and 
below those thzt c.n be co?re1(Lt(1 r.ith zones 3 and 1, This new unIt 
may reproent irraee of thicknai of ons I and 2 fron an average 
of abit 30 feet to foot. In t.h zxt section to the wot, atJoo 

Iligluruk Creek, zone 1 18 at least !,000 feet thick. It consists 
mostly of liustone with quartz sand and oflt0 Near the base are 
interbedded quartitos0 The silty limeatonee of the zone grade upward 
into about 60o feet of cherty 1itone. This cherty limestone has a 
fauna like that of the first lithologic zone in the type section0 The 
fauna of the silty 1imstonos is not found in tho typo scct4on but ha 
boon tentatively assigned a Lower Uicsizsippian (Osaian) age like that 
of the typo section, by i3ashe', tho believes that the thick silty 
limestones are probably equivalent to the very lowest part of the first 
zone of the trpe section. In the restored section the silty rocks have 
been interpreted as part of a detrital facie that climbs upward and 
eastward with time and interfingora with the non-detrita3. section at 
K'urupa Lake. 

andLithologic ZOnes 3 zones cor.sist mostly of fino 
ainiv1meetono, and fins'gr*dned shaly and nodular limo-

atone., Chert is coxuxnon in the massive rocks and abundant in the 
thinner bedded rocks0 In the type aria zone L consists mostly of coarse-
grained limestone, Ixit this fades thins to the east, south, and woat 
and the zone cannot be distinguished fron zone 3., 

In the Kanayut Lake-ItkiUik L&ke area, much of zone 3 is coarsely 
crystalline dolaidto0 Similar doln.ite is present only in the southern 
section on Tiglukpuk Creek and in the noxthern section at Chandler Lake. 

In the southern section at Charfl.er Lake, and on the okokmilaga 
River, the lTer part of the two zones undifferentiated is mo8tly ahaly 
limostone, and the uppwer part is fine-grained cherty limestone0 At. 
Kurupa Lake the 1or part is true clay shale and coarse-grained 1ime 

partstone; the upper is coarae-grained limestone interbedded with 
sandy limestonea in which the sand grains are limestone detritus., The 
detrital clay and sand and the coarsegrained lizmestones are ahorn on 
plato 3 as part of a western detrits3. facies in the Viachsiiuth member0 

ALA?AH AND KIRUK'TAGIAK MEMBERS 

At the type locality at Kansyut Lake, the Alapah mezrber lies disC-

conformably (?) on the Vtachszatth member and includes the youngest beda 
of Lisburne limestone exposed. The rocks between the Triassic shale 
and the tenth lithelogic zone of the Alapah member are ccNered., The 
Kiruktagia.k member was supposed to be younger than the tenth lithologic 
zone of the Alapah member and probably to lie in the covered interval 
above the tenth zone at Kanayut Lake. 

LI 
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Thc5 the i in litholoLv and 
in faunz. shui 
limestone, black shale, and phosphatic li=tons. GonitGtitic cephalc.. 
pods are comon in the KiruktagiLk ATAfr„ but aro absent frat the 
coral-braiChiopod fauna of the Alp 

This seasons work shows the type Kiruktagiak member to be equiv-
alent to the fifth lithologic zone of the Alapah member, for in the 
Anaktuvuk River and southern Tiglukpuk Creek sections the yourer zonc,z; 
of the Alapah have been identified above rocks typical of the Kiruk-
tagiak member. Rocks similar to Kiruktaiak in lithology and fauna are 
also found at the top of these sections, above zone 9. To the west, 
the two zones of Kiruktagiak type rocks thicken. They probably merge 
as indicated on plate 3 and the chert and shale and goniatite facieu 
of the Kiruktagiak may replace the hydroclastic shell fades of the 
Alapah. Although the two members are at least in part equivalent in 
time, they are distinct mappable units and the name member will be 
used for each. 

Evidence for drawing the Alapahjffachsmuth contact has been of 
three kinds: (1) Recognition of the genera], sequence of Alapah zones 
above those of the Wachsmuth- member, (lc) Restriction of the litheetro 
tionoid corals to the Alapah member, and (3) Recognition of litho-
logic zone 1 of the Alapah member, by the typical abundant chart 
nodules and chart replacements of bellerophontid gastropods. 

Rocks immediately overlying the Liaburne limestone were seen 
only at three places. At each place these rocks were shales of the 
Siksikpuk group. At Sagavanirktok Lake the ahales lie upon a zone 
of dense, dark, fine-grained limestone and siltstone that contains 
abundant nodules and disseminated grains of fresh pyrite. These 
rocks are of the ninth or a younger zone. There was no evidence for 
a break in sedimentation at the contact. At Tiglukpuk Creek the 
uppermost zone of Lisburne limestone is a tongue of the Kiruktagiak 
member younger than zone 9. The lower part of the tongue ie shaly 
limestone; the upper part is black calcareous shale like that at the 
base of the Sikaikpuk group. The contact is drawn in the shale at an 
oxidized zone that separates rocks bearing Iliasissippian fossils from 
those bearing Pennsylvanian fossils. 

At Chandler Lake red and green shale of the Siksikpuk group lie 
without apparent disconformity upon shaly limestone of the zone 5 
tongue of the Kiruktagiak member. This tongue also underlies the 
Sikaikpuk group at the Kiruktagiak River and at the Lisburne Ridge 
west of the Etivluk River. Just south of the ridge, and at Mt. Bupto 
farther southwest, the upper tongue of the Kiruktagiak is again 
present at the top of the Lisburne. 

Thickness of the Alapah member and of some of the zones is shown 
on isopachoue maps, Figure 3 shows the total thickness to the base 
of lithologic zone 9, the highest zone that could be traced across the 
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vog. 'Lon s yolmzrth bEJt t Chczidir Figvro 
1. elms the total 12lickis of zonos 1 gni 2, and fiwure 50 the total 
thickness of zones 1 thnalgh 4. The thickners of the or 5 tongue 
of the Kiruktagiak mmbey is shown by inoc-achaas lines on the map of 
plate 3. The thickness of the whole nho below zone 9 decreases 
very rapidly northrlard in the Sagri.vanirktol: Lake to Chandler Lake 
area from 2,490 feet at the head of Alapxh Creek to 540 feet at Saga-
vanirktok Lake. No complete sections of the Alapeh member have teen 
measured west of Chandler Lake, but the positionz of the top of the 
almost complete sections at the Okoleuilaga River and Kurupa Lake can 
be estimated. 

On the restored section the Alai?ch-lqachsmuth contact han been 
arbitrarily drawn as a horizontal line west of Kurupa Loke, but should 
slope down to the west to show an increase in thickness of the member 
from about 1,500 feet at Kurupa Lake to more than 2,600 feat at Mt. 
Bupto. 

Lithologic zones 1 and 2.--The lowest zones where distinguished, 
is less than ILO feet thick and consista of cherty shaly 3imeetone. 
Zone 2 is an almost equal thickness of shaly limestone east of Kanayut 
Lake. At Kanayet Lake zone 2 is about 200 feet thick and consists 
largely of fine-grained limestone, Rocks at the same horizon at 
Alapah Creek are fine-grained dolonitee. The two zones are not diff-
erentiated westoof Kanayut Lake, but the lower parts contain abundant 
chart in all sections. Figure 4 shows an abrupt thickening of the 
zones at the southern Tiglukpuk Creek section where they consist of 
shaly limestone with very cherty limestone interbedded at the base. 
The shaly limestone gives way to fine-grained massive limestone, which 
persists from Chandler to Kurupa Lake. 

Lithologic zones 3 and 4.--These zones have been differentiated 
only In ayu e- Lake area, where zone 3 is mostly 
coarse-grained limestone and zone 4 is fine-grained limestone inter-
bedded with coarse-grained limestone at Itkillik Lake and with fines-
grained nodular limestone at Kaneyut Lake, East of Itkillik Lake the 
coaree-grained limestones make up most of both zones. West of Kanayut 
Lake the coarse-grained rocks in the lower parts of the zones are thin, 
but a tongue of coarse grained limestone appears in the upper part of 
the zones at Anaktuvuk River and thickens westward. Both zones are 
mostly ooarse-grained at Chandler Lake. Southward from Kanayut Lake 
the total thickness of both zones increases from 410 feet at Kangyut 
Lake to 1,910 feet at the head of Alapah Creek. The thickness of the 
coarse-grained rocks in the lower part increases correspondingly, but 
both the fine- and coaree-grained rocks of the lower part are dolomite 
in the south. In the southern section the massive fine-grained rocks 
of the upper part are interbedded with nodular chert rather than with 
nodular limestones as at Kanayut Lake. 
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Litoloic_ecno_5„jarthteqak zona .e,as not found 
Gest of Kanedut in very thia--(Z to 30 feet) at Kanyut Lake 
and at the northern Tig1ukpuk Creek section, Isopachs on the map 
(plate 3) /thaw the thicknees of the zone. 

At the type locality the Kiruktagiek meeJber consists in ascending 
order of 40 feet of black phosphatic and ohaly limestone; 175 feet of 
dark charty limestone, study lineetone, and shale; and 5 to 6 feet of 
black pyritic shae. An 8-foot bed of black chert junt beprf this 
sequence has been assigned to the Alapah member by Patton cgi. It is 
here included in the Kiruktagiak meml)er bocluse bedded chert is rare 

in the Alapah member but common throurLhout the Kiruktagiak nember to 
the west. 

The phoophatic limeatone and also ahaly limestone are present in 
the zone 5 at Chandler Lake, both Tiglukpuk Creek sections, and at 
the Anaktuvuk River. The basal black chert bed is 30 feet thick at 
Chandler Lake, but absent in the other sections. A zone of finely 
laminated limestone containing abundant large nodules of botryoidal 
chart is at the top of the Anaktuvuk section. Goniatites were found 
at the Kiruktagiak River, at the Anaktuvuk River and in the thick sec-
tion on southern Tiglukpuk Creek. Brachiopods like those of zone 5 
at Kanayut were found in the northern Tiglukpuk Creek section in the 
25 feet of °hely limestone that has been correlated with the Kiruk-
tugiak. In the Alapah Creek section 190 feet of dark fine-grained 
limestone and black banded chart has been shown as zone 5 because of 
the abundance of bedded chart and because corals typical of the aune 
7 at Kanayut Lake occur just above it and brachiopods indicative of 
tones 3 or 4 occur 250 feet below it0 

__________zones of the Ala member.--Zones in this group 
are not easily cIi.stinguhócC Zone 6 iaa never been found outside the 
type section. Zone 7 was distinguished in the type section by the 
presence of very small lithostrotionoid corals. Small corals have 
been used as guides to hone 7 in the Sagavanirktok Lake, Alapah Creek, 
and Anaktuvuk River sections where their position in the sequence is 
proper for that of zone 7. However, in the Chandler Lake and northern 
Tiglukpuk Creek eections small lithostrotionoid corals range to 475 
feet and 850 feet below zone 5. No laboratory work has been dons on 
these corals from the lower zones to help explain their long range in 
these sections. Their presence does not seem to be controlled by any 
particular lithology. 

The boundaries of zone 9 have been drawn to include the very 
light colored, very fine grained maasive limestones (calcilutites) 
near the top of the Sagavanirktok, Alapah Greek and Anaktuvuk sections, 
and the limestones containing abundant large silicified and unailicified 
nodules of light, fine-grained limestones in the Sagavanirktok section, 
northern Tiglukpuk Creek section, and in the type section. Brachiopods 
of the genus Gigantella are common in these rocks, so the boundaries 

.1111•111.4.m..111.11.1.1.11.. 

2/ Patton, IL W. and Tailleur„ I, L., opo cit. p. 3. 
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have asc (i-La to :7-17.11Ao I'LL;a of Cl1cs,ntel4a wholly other 
control lc 1Leking. Homver„ th dcstinaion2 be-the typical 
faunas of zone 8 and zone 9 are not eharp enough for definition of 
a boundary betneon then. Probably part of zone 8 has been included

tiwith zone 9 and part with zone 7. 

At Alapah Creek, fInd in the northern section at Sagavanirktok 
a zone of crinoid conzlomerate lies -tbovo zone 9 calcilutiten. This 
conglomerate is composod of granule- and ps-oble-sizo fragments of 
crinoid stems as much c,s 2 inches Isla and L inch in diameter in a 
matrix of finer broken shell materiti.. At 11.apah Creek this conglom,-
erate is unstratified. At Sagavanizt,;:k Lea, it is massively bedded. 

In the foothills of the 3rooks tango from Castle Uountain to the 
Kiligwa River are isolated outcrops of quartz sandstone and granule 
and pebble conglomerate associated Idth Lisburne limestone. Not all 
are fossiliferous, but al/ the fossils are those of zone 8 or 90 in, 
eluding Gi antella. Some of the conglomerates near the Kiligwa River 
contain aburifiifTfragments of very large crinoid stems like those in 
the crinoid conglomerate at Alapah Creek. Detrital grains are absent 
in these zones in the Brooks Range, so a northerly source of the 
detritus is indicated. 

The outcrops of these detrital rocks are marked on the map on 
plate 3. Close to the outcrops are areas in which zones younger 
than zone 5 are absent, (or probably absent) in the Lisburne limestone, 
either because of unconformity or nondeposition. Two restored °ac-
tions (P-D-Q and R-S of plate 3) through the outcrops of sandstones 
and the areas of missing section shoo zone 5 and younger zones with 
the present top contact of the Lieburne limestone restored to the 
horizontal. 

The local presence of detrital sand and pebbles in zones 8 or 
9 seems to be related to the local hiatue of those zones nearby. The 
northerly source rock of the grains is unknown, but it could not have 
been older Lisburne rocks of thb kinds eeen so far. Except in the 
basal quart sandstone in the shale member, chart is abundant in the 
Noatak formation nearby, but only a small percentage of the detrital 
grains in the Lisburne are chart. The quarts grains may have come 
from exposed basement rocks to the north. 

SIKSIKPUK GROUP 

The Sikaikpuk group is named and the t4y ?section near the Sik-
sikpuk River described by Patton and Keller —J. At the type section 
the group consists of black, red, and green shale and siltstone, and 
bedded chart. The lower part has a Pennsylvanian macrofauna, the 
upper part a Pennsylvanian or Permian (?) microfauna. The group lies. 
upon the Lisburne limeetone and beneath Triassic shale. 

23/ Patton, W. W. and Keller, A. S., Preliminary report on the strati-
Fraphy and structure of the upper Nanushuk-Siksikpuk Rivers area; U. S. 
Geological Survey, Nan Oil Unit Preliminary Report No. 30, 1950. 
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SUMKARY OF LISBURNE LILT,:W01: THWDS 

In the eaatern area, iropy.choue lins have a goeerbl eoet trend, 
All menbers thin to the eorth, the W&ch3meth at the rate of &bout 50 

, feet per mile, the Alapqh at about 75 to 125 feet per mile. In the 
wachsmuth member most of the Change in thickness is in zonee 3 and 4n 
In the Alapah member most of the cnange in thickness is in zones 3 and 

f- 4. The zone 5 Kiruktagiak member is a tongue that thins to extinction,t 
northward and esetwarth Data on the upper tongue of the Kiruktagiak 
memteer are inceelpiete, but it Is knuen to be absent by change of faciee 
in the extreme east, and by uneonforieity or nondeposition around 
Chandler Lake. All zonos above the fifth are locally absent along a 
line from Chandler Lake to the Lieburne Ridge on the Etivluk River. 

In the western areas, information is based on sections along an 
east-west line. All members thicken /,estward frem Chandler Lake, 
but the Wachsmuth thickens by 5,000 feet. In the weet the Wachsmuth 
member includes a detrital faaiee that thins and contains finer-
grained detrital material to the east. This facies is represented 
by 4,300 feet of san4y to silty limestone and sandstone at Iligluruk 
Creek and by clay shales and eome sandy limestones at Kurupe Lake. 
The facies of the Kiruktagiak meeber leey replace most of the Alapah 
facies in the west. 

Dolomites in the east ara reatricted geographically rather than 
stratigraphically. They may be found in almott any zone, but are not 
laterally persistent in any zone, In general, the Wacbeauth amber 
contains more dolomite in the noethern sections, the Alapah member 
more dolomite in the southern eectionso Coarse-grained carbonate rocks 
are most persistent in zones 1 and 2 cf the Wachemuth member and zones 
3 and 4 of the Alapah member. 

Quartz sandstones and conglomerates occur in zones 6 and 9 north 
of the Brooks Range but not in those tones within the Range. The 
quartz comes from an unknown northerly. source. 

SUMMARY OF F0R0,7ITY DATA 

Results of Krynine's Vi/ studies of the 1949 Lisburne semples 
were used by the field men in the 1950 season. Krynine speaks of a 
potentially adequate limestone reservoir as one having a minimum 

24/ Krynine, P. D. and Folk, Ro L., Petrology of the Lisburne lime-
;Tone; U, S. Geological Survey, Navy Oil Unit Special Report No., 22, 

I 1950. 
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the coarse-grained doloitcs. Tiloao (tolcrifi..te;t: cre a synenetic 
mant of the hydroelc,stic 1ir‘.7stone3. Krynine also believes that the 
more porous; coanr-grainerl (1.olafpitc liljater-t,oloi.ed; that the 
coarser, lighter dolomiteear. riT).‘:-c32111:, of well-so-Ald limestones 
from which fine7,iyained impuritAes 11(.::e been winnowed. Krynina pcd.nted 
out then that a good criterienfor a i.;ood porous zone in the field 
would be a light-colored dolonite. 

The results of the field work of Party 3 are in accord with all 
Krynine 9 3 conclusions. Only one sampe of liEcastone had a porosity 
that would put it in a "potential reoervoir" class. In all places the 
light-colored dolomites were eaareor-iya.ined„ 

It waa thought that the porous dolomites of zones 2 and 3 of the 
Wachamuth member might persist laterally. Because of this, and to 
obtain good control, a move complete and objective aampling of these 
dolomitic zones was made at the Kanayut Lal:60 Samples were taken at 
10-foot intervals, and where a higher porosity was indicated, at 5-
foot intervals. Results of porosity determinations Eade in the Fair 
banks laboratory have been plotted in graph form on plate 4. Approxi-
mately 50 percent of the samples iron these zones fall into the "ade- • 

quate" or "good reservoir" elastic, Thia ia in agreement with the 
results obtained by the "representative" sampling of the earns zones 
taken by Borsher in 190 and bears out the validity of his method of 
sampling the Lisburne limestone, 

As the field work progresso4 it vas found that the dolomites are 
not persistent. The dolomites are sporadic in the sections and amount 
to only 15 percent of the total Lisburne limestone measured by Parties 
3 of 1949 and 1950. Delomitimntion apparently was controlled more by 
local conditions than by apy widespreET1 or general environment. Some 
of the dolomite fades persist verticay through a change in grain aizev 

In the areas newly iorked the 19E0 Lisburne party took repreeenta, 
tive samples of the light-colored dolomites and the coarser-grained 
limeatonea (plate 4). Of the dolomite samples tested, approximately 20 
percent had porosities equal to or higher than that of an adequate 
reservoir. 

18 

https://liljater-t,oloi.ed

	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21

