
UISITED. STATES D E P A R m T  OF TBE IETEEtOR 

GWLCGICAL SURtrEP 

~ Y L V ~  C m m ,  PAtrFOEOLOGY, AmD STRA!lTGRAPAI, 

BORIIZI FLAmK, EASTERN BR005 RANGE, ARCTIC AEdlSgA 

By 

Auguatua K. Armstrong 

Property oi 

Open-f ile report 

1971 

This report is preliminary 
and has not been edited or 
reviewed for conformity with 
Geological Survey standards 

contents 
Pase I 

* b m p m c  reg i~ try  of  stratigraphic sections ------------------- !a I 



I l lustrat ions 
m e  I 

igure 1. Index maps and bioatrstigraphic sections. --------- In back I 
2. Composite and idealized Lisburne Group section, 

Sadlerochit hbuutctins, showing carbonate 

deposition& cycles. ............................ 11 

3. Diagrmm~tic block diegram showing Rnnsylvanian 

age Wahoo Limestone environments oP deposition. - In back 

4. Location map, Ikiakpuk River section 68A-1. ------- 20 , 

5. Location ~~ap ,  West Sadlerochit Mountain section 

6. bcet ion  map, &st Sadlerochit ~ ~ u n t a i n  section 

68~-4~-4~. ...................................... 20 

7. Location mp, Egaksrak River section 6&-5. ------- 20 

Pennsylvanian carbonates, pctleoecology, and stratigraphy, 

nopth flank, eastern Brooks Rage,  Arctic Alahlha 

by Augustas K. Arnuitrong 

Abstract 

The carbonates of four measured sections of the Permsylvanian 

Wahco Iilmestone camprise 310 t o  1,250 feet of  the Lisburne Group. 

Shallow-water, open-marine cmbonates of MDrr15w age overue, wlthout 

hiatus, restr icted marine t o  intert idal  dolomitic carbonates of the 

Alapah Limeatone of la tes t  ELssissippian age. The Morrow age carbonate 

are predominately echinoderm-brgozoan wEIckestones and packstones, with 

&or amounts of ooid grainstones rand lime mudstones. The Atoka age 

cerbonates are in pmt cmss-bedded brpzom-echhoderm and ooli t ic  

grainstones, with associated minor amwnts of thin-bedded dolomites. 

.Outcrops of the W a h o o  Limeatone i n  the Sadlerochit fiuntains indicate 

that Bnnsylvanian sedimentation from M m w  t o  Atoka generally 

progressed from shallow-wat er, open-marine sedimentation t o  higher I 

,,- sp. kleoecological and biostratigraphic analysis of the carbonate I 
14 

,, beds associated with the colonial corals indicates the corals lived in  I 

energy shoalhg water, ooli t ic  a-ntation. 
\ 

Atoka age colonietl corals m e  Corwenia sp. and Litbostrotionella 

,, clear, agitated &er between ooli t ic  t fda l  bms. I 



Introduction I 
Pennsylvanian-age carbonates are well exposed In northeastern I 

/&mb Range of eastern h c t i c  Alaska- The clpwmes are suitable for  / 
etai led stratigraphic, facies, and paleoenvironmental studies. Also, 

few localities, a t  certain strati-phic levels, contain large numbel 

laf colonial corals. The location of the study area is shown in  figure . 4 

lo-/ Ill. four stratigraphic sections discmsed 10 thi6 r e p *  were I 
,, kemples were collectea every 5 t o  10 feet. Most of the cowls  were [ 

(comtd *m witbin measured sections. Ibio sections were cut I 
14 he lithologic samples and then were petrographically described and 

,, t d e d  for  ~ c r o f o s s i l s  . t 
1 Iden t i t l a t ion  of ca lc i te  and dolomite in tMn sec t ims waa made ( 

,, by Alizarin-red s t ah in$  techniques described by Fr leduo (1959). The 1 

I The sedimntary features and structures used in th is  study t o  

delineate environments of deposition rtnd palemecology are described in  I 
deta i l  by Logan and others (I*), Shinn and others (1965)~ Roehl (1967 

ilson (1967a, 196'7b, 1$9), Shim (196b, 1$8o), Ball md others (196 

,- B a l l  (1967)~ a d  m a y  and Lucia (1N7). The carbonate depositional t 
cycle concepts used i n  this report are those developed by Fischer ( 1 e  I 
MmKevett, and Silberllng (1969). I 
I Previous work and acknmledgraents 

l o  1 3 3  1562 Bros& turd others glve the name ldsburne Group t o  the 

,, Iiisburne Formation at Wahoo Lake turd divided it into the Mlssiasippian I 
,, I~lapah Limestone and the Pennsg1vanle.n and Permian Wahoo Limestone. In 

,, the area of this report the WeSloa Lilmestone as  maaped contaim some bed 

,, of very l a t e s t  Mississ~ppi8n age but is prfmarily Murrm, Atoka, I 
,,-Pennsylvsanim tnn age and does not contain e t ra ta  of PemcLan age. Armst I 

16 W e t ,  and Dutro ( I ~ O ) ,  using microfossil zones, diviaed the Usburne I 
,, Gmnp of central  and eastern Ilroohs Range into a series of biostratigm I 
,, units eand defined the base of the Pennsylvanitln system. Detailed accou 

,, of the history of the studg of the Carboniferom rccks of tbe Usburne 

,- Group can be found in Bowsher and Dutro (1957) and Armstrong, &met, 

,, m d  Dutro (1-0). Reiser and others (19'70) have made 1:63,36&scale 

22 /geologic r m p  & the ladlerochit bbuntains that  delineate the ovtcrops 

, of the Iilsburne Group and the Wahoo Limestone. I 
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x Ion the  microfossil zones developel by 8 .  L. Hamet. I 

Biostratigraphy 

Armstrong, M e t ,  and Dutro (130, 1 ~ 1 )  and Armstrong and Mamet 

(1970) have described the  sequences of EPississippim and Pennsylvanian 

1 Witbin the area of this study the Lisburne Group consists of the 

kpsh  stone md W.bm Limestone. 3%. bud Alapab I . U t o n e  a t  I' 
/the ild- section (6a-1) in the ~ o u r t b  m g e  i s  of Merrms age l 
I(zone 13); t o  the north i. the Sedlerochit Mountaim a t  the West I 

,- Fadlermbit i(ounta3n section (6%-I), the base ia  lower Cheater (zone I 
) Tbe nicrofosslla indicate that  carbonate ~edknentation continued I 

, b t h o u t  a signifi0.11t or r e c ~ g n l ~ a b l e  hiatus into Pennsylvanian the. 

In the Mmet zonal scheme, the base of the Pe~lnsylvanlan system i s  a t  I 
9 Due of zone 20 end i a  defined. on the f i r s t  occurrence of the I 

foss i l s  Endothy-ra of the group 2. moapuemis ~ e i t l h ~ e r ,  

sp., and Xeoarchaediscus ~ n m d i s  ( ~ e i t l b ~ e r ) .  Atoka- 

contain the microfossils C l . l m a c m  cf. 

Bedos ta f f e l l a  sp., aad 

of Fuaulinelles spp. and 

detriment t o  exact correlation wlbh 

sections. The presence of these 

, kenem would make certain that the -moat bed. m e  not Des Moines I 



Carbonate stratigraphy 

~rosgg and others (1962, p. 2l.91) described the type section of 

ylvanian aad Fermlan age. In the area of th is  report, the Wahoo 

atone as t s m d  by Reiser and others (1~0) contetins carbonates of 

an (very l a t e s t  Chester) esd PennayIw&sn age (MD- ma 

. 1). The Pennsylvanian limestones overlie bSsaiseippies 

s ter )  carbonates witfiout a recognizable hiatus. The bounds 
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Rugose corals are known only from Atoka age beds of the Wahoo 

Eimestone; none as yet have been found in beds of M o m  we.  m e  

:orals are represented by two species, Corwenia sp. and IiLthostrotione3 

3p. The most closely related corals are Lithostrotionella orboensis 

?root (1963) from the upper Moscovim of Spain and Petalaxis mhikana 

7'odchev (1953) from the upper Moscovian of the Donetz -sin, U.8.8.R. 

The Bbrrow-age carbonetee (fig. 1 )  of the Wahoo Westone are I 

23 

24 

~rhwily bryoaoan-crinoid wackestones and packstones. The foss i l  1 

7 orwenfa sp. shows close s M l a r i t y  t o  the upper Moscovlan corals 

In the area of this paper (fig. l ) ,  the Wahoo Limestone f o m  bold 

2 U f f S  above the thin-bedded, generally tabs-covered slopes of ~as i s s ipp i&u  

2s-.RLspah Limestone. 
L 

nts are typically large, 0;2-5 mm in length, and are poorly 

ed. Lesser mounts of grainstones formed of well-sorted fos s i l  

ts an& superficial ooids are present. Thick-bedded lime mudston 

extensively dolomitized carbonates are absent in the Morrm and 

In the West Sadlerochit kbuntain section, 69-1, the portion from 

on is composed of coarse- 

form 25- t o  50-foot-thick 

. LenticuLar t o  nodular, brown t o  brownish-gmy chert is abmdant. 

lar intervals of Morrow age in the East Sadlerochit Momta.in sectic 

4~-43, however, contain a higher percentage of winnowed sediments 

and pelletoidal-bloclastic 

exbonates t o  the east in 

rak River section, 686-5, are again low-energy bryozoan-crinof 

s of superficial ooids 

ooUtic grabatones. 

0 

9 

.:omenia aymetrica (~obroljubova) front Spmia end the Moscow aud Donetz 

k i n a  of U.S.S.R. 



y cross-bedded, well-stratified ooli te grainstone which contains 

ents. Associated with the ooids are superficial  ooids and rounded 

broken bryozoan fragments whose interiors are generally f i l l ed  

conite f i l l i n g  tbe tnternalapaces. Between some of t;he ooli te 

i t i c ,  pale yellowish orange-weathering carbonates. These "marker" 

f de t r i t a l  quartz. Areas of Ilmonite and hematite are  present between 

U. S. 0-T PBmPIIPm OFFICE: I939 0 -  S l l l T I  
m.tm 

Lime mudstones and wackestones which contain 5-30 percenk de t r i t a l  

luartz i n  the 50- t o  100-micron size range. Glauconitic shale partings 

L-4 inches t u c k  are not uncommon between the massive carbonates. 

25- 

a. S. OOVHUrmPPT PBLXTLNO 0 m E 1  IPS3 0 -  511111 m.tDO 

8a (p. g follows) 



I Atoka ccarbomtes are about 700 feet  thick a t  the Eg&srak River I 
echinoderm wackestones m& packstones are the &&a 

o 400 feet below the top of the section, Within tbf 

es are rare, but oolltes are sporadically present fi 

ow the top. Oolitic grainstones are well developed 

590 t o  600 feet  be lw  the top of the section. Within the W r a k  

on the spherical al@-fommhfferal colonies of 0s-a sp. m e  

60, 560, and 615 feet  below the top of the section. 

sp. has also been found in the East Sadlerochit Elountain section 

4B a t  40-50 and 120-130 feet  below the top. 

The Ikialrpub section, 68A-1, in the Third Range, is south of the 

(fig. 1). The section was measured on a aeries of 

treant-cut baaks. The Pennsy1vesian Wahoo Limestone is 

thfck. !lhe Atoh be& are about 135 feet thick asd are 

onically stressed ooid, foraminiferal grainstones. The 

16 bderlying Morrow beds also show grain growth due t o  tectonic s t ress  ] 

l7 k d are  bryoeoan-echinodew-packstones md grabatones. 

In the area of thia study the Permian Sadlerochit Formation uncon- 

l y  overlles limestones of Atoh age. Dettenrmn (1970) reports 

ates in the Sadlemchtt Mountains ( F i g .  1 )  suggests uneven 

ed with a t e r r a  rosa-like clay. Tbe basel beds of the Echooka 

e r  are conglowrates o r  canglimeratic sandatme fnrmed in part of 

Wahoo Limestone. 





I These younger beds show a progressive decrease in bfotic divemitg,l 

increase i n  the lunmts of p e l l e t o i b l  rncMtones and lime .udatones,l 

an increase i n  the percentwe of dolomite. This regressive sequence 

well developed i n  the East Sadlermhit Mountain section (fig. 1). 

a level of 950 feet  below the top of the section, the Alap& Lfmesto 

a Fine-grained, l lght  brown-gray, cherty dolcrmite, with well-devel 

mat esd birdseye structure indicating deposition in very sUow I 
a e t o  in ter t ida l  emrironments. A similar sequence of rock types I 
9 ban be seen i n  the Unph mes tone  a t  Ikiekpuk Creek I?& in the Weat I 

Mountebins sections. The Latter exposure has, st the same 

level, restr icted marine sediments of somewhat 

12 olandtized, thin-beaded pelletoidal packstones but is devoid of algal I 
o p. restr icted v l l l e  sha l l ow  atu to i b e r t i d l l  cubonates i. I 

he upper beds of the Alapah Liabestone are generally thin bedded esd I 
laty, and they form talus slopes beneath the massive limestones of the 

ahoo Elmestones. k 

This regressive suite of carbonates whfch culminates i n  an i n t e r t i  

S t r ic ted  marine facies is werlain, as indicated by microfossil 

3se1nbhges (~ppp8trong and others, ~ W O ) ,  by a metrine transgressive 

hrbomte facies of =hinod-brgoz-wackestmes-pacBstones containi 

Lcrofossils of la tes t  Chester age (zone 19). In the mea of th is  

?port t h i s  second carbonate transgressive cycle of the Lisburne Group 

?gan in la tes t  Chester time and continued across the Mississippian- 

3nnsylvanian boundaq without a hiatus (fig. 2). The earl iest  &mow 

ge carbonates are lithologically shi3 .e~ t o  those of very la tes t  

>ester age and are bryozoan-echinodermwackestonea and packatones 

sat were probably deposited on an open marine platform. The outcrops 

F the Wahoo Limestone in  the Sadlerochit &untains indicate that, from 

ie base s f  the PeMsyldan  t o  the uneanfarmity bewath the Permlan, 

ie general trend i n  sedimentation is towards higher energy water, that 

3, 8 shoaling water, ooli t ic environment of depsit ion.  This i s  

idicated f ronthe  atratigraphically higher be&- which contain less 

Lcrite, a more diversified biota, better sorted foss i l  fragnents, etnd 

irng beds d t h  well-developed mi*. For the Sadlerochft Mountains, tb 

nterpretation of this  shift in environments of deposition from the 

nrly Chester to  Atoka time is graphically i l lustrated in figure 2. 



free grains. Cloud (1955) and Lochman-Balk (1957) glve detailed 

,- ccounts on the environments of dewsition and physical llmits of 

lauconite formation. Ih general these are: normal salinity, sl ightly 

1 

+ 

F&uclng conditlom a t  site. of origin, bottom sediments d c h  in organ5 

The Wahoo Limestone echinodembryozoan packstones and grainatones 

have 0.5-2 percent bright-green glauconite grains, most of it occurring 

as internal  f i l l ings  in Foraminifera and bryoz- fra@gnents and occaeiolally 

pal, a water depth greater than 25 feet, and low t e r r i g e n w  

pdimmt miuu. Tbe presence of glauconite I n  the bryozom-echinodem 

l o - p - a u p p r t e d  cubonatea suggests the gUuconite formed in a reducing 

12 ryozoans and crinoids thrived. The materials from these two env l rom 1 
churning etnd burroKing 

and sortlng activit ies 

,,p tiW channel (diag-tic- s h m  in figure 3). I 

James Lee Wileon (written connrmn., Wch,  1971) states: 

"me presence of glauconite in grainstones i s  common in 

carbonate rocks a U  over the world despite the fact  that it is 

a mineral of reducing environment. Stratigraphic observation 

and studies indicate that  glauconites are associated with zones 

of slow deposition, often forming in  s t ra ta  which are overlain 

l a t e r  by an unconfotmdty. It seems reasonable that  under a 

situstion of very slcw dep i t i am,  conditions exist for  the 

organic reworking of sediment as well as mechsnical reworking. 

Grains are carried dcAm into the substrate in a reducing 

environment in  which iron i s  concentrated (probably also 

by slav intermittent deposition during which time no clrtstic 

ma te ia l  is introduced t o  rmsk i t ) .  Iater such grains 

are brought up arid exposed t o  current and wave action by w i n e  

c - e a  and -her -a; a- the in t e r t .  of Mid 

1 glauconite hes formed from the m d  and organic s l h e  caught 

vrithin the @aha while they have rerdned buried. The Wahoo 

16 Idmastone glauconitfc grainstones t e l l  us that not only elow 

I 19 I deposition prevailed kt that mfflcient mud occurred i n  between 

oolite bars t o  create IqemeabilLty and a reducing iron-rich 

envi~~mnent. &st pore-filling glauconite is  basically a 

product of ofgsnic feces in the mnd. These ideas derive in 

= I  part Rm discussions with H. 3. SteneeP." 



0 microns in length wlth more than 30 percent si l t-size de t r i t a l  q u a ~ t  
I 

'a  (1967) description of modern carbonate sand bodies indicate that 

oolite grainstones were probably formed in a tidal bear belt  

1 

,, 4 

9 /snvlr-t tmmgresaive oTer sed.iments of the underlying, open pl l t fo  

The ooli t ic grainatones which m e  found in association ~ L t h  the 

w c o n i t i c  painstones are well strat if ied,  generally 5-10 feet  thick, 

ma poorly cross beaaed. In m y  places, the beds are cappea by 6-inch 

to 2-foot-thick argillaceous, azenaceous, limonitic, pale yellowish 

b-prange-weathering dolomites. W rack i s  formed of dolomite rhombs 

lo- o r m l  marine, probably sl ight reducing, ghuconite-forming enviromnent 

I I  e pale yellowlah orange-weathem, axenaceme dolomites ma the 

12 Mck-bedded ooli t ic grainstones are  interpreted a~ represent- the 

13 terstmtified record of very s h l h w  lime mud t i da l  flats developed 

14 rectly over ooli t ic tidal bars. This close pbyaical relationship of 

15- ooli tfc grainstones and thin-bedded lime mudstones and dolordtea is  not i 
a $iwe t o  the W a h o o  Limestone. W i l s o n  and others (1567, p. 81) regort 

17 similm sequence of ooli t ic grainatone and unfossillferollls rrmdstolres 

la om PeMsy1vanlan-~ge c83bonates of southwestern Mew Mexico. J. L. 

19 n ~ i ~ s o n  (written commun., 1%) states  that  similar "dolomitic marker 

20- eds eze 00 common in Devonim ma Hississippian sections of Hmtw E 
/mere they u e  almost c e r t d d y  t i d a l  flat and aebhlu deposits with the 

22 kormer a u l n t e  minerale lucllea out. k placea such b s r ~  are ae-dolomi 

21 fihtwna in the msaion ~ . n K m  *ornation such w are U.O associate 

14 ooli t ic gralnataas but axe comedy sap-t& from these by a 

25- ransitional zone of birdseye gelletoidal mudstone tud grabstone." 

U. S. PRmTrW OPEICE 1 1959 0 - 111111 
m.1ac 
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9 

zed. 

The Ege3Esm.k River section has 400 feet  of ooid t o  echinodem 

ll-tieveloped oolite ga?sinstonea. (fig. 1). mese beds are believed to  

cRxbon&tes than those preserved beneath the Permiu 

Sadlerochit hmta ins .  

Osagia sp. colonies occur a t  160, 560, and 600 feet below tBe top 

f the Egaksra.k River section and p s s i b l y  indicate a very shallow 

onmat of deposition. These be& also contain increasbg 

s of udcrite asld significant amolmts (5-20 percent) of silt- t o  

ize de t r i t a l  quartz. These factors possibly indicate that 

ove the laat m u t e  grainstone repregent the deve lopn t  of 

19 The colonial  coral^, Comeda sp. and 1lthostrotioneYa SF., occur 

large rmmbera i n  certain horizons of the Wahoo Idmatone. n e i r  

Ir pd iv ldml  c010nie~ Ilnd se-ted from each other and did not form 

I i o s t r o ~  or  b i  ohe& masses. 



t s  of calcareous algae Ebnd well-developed ooid grains, 0.4-0.8 

the lithoclcLats found associated with the corals, a w e s t  periodic 

8. S. ammamm WIATBUI OSTEE t 19s o - 5111n 

m.zm 
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The aesclciation of the c o r d s  with col l t ic  grainstones indicates 

ltbt they need& a r e ~ t i v ~  high-energy, clear, shding-water I 
kviroment. The non-mutic r~e-b~zo&11-alg~e-wackestones- I 

tones ana graSastones which are essociated stratigraphically with 

5- he ooid-bearing beds are in general devoid of colonial mgoae corals, 

6 d thia further suggests the netrroar range of enviwnments these corals 

o d d  tolerate. F 
I I The Penmylvanian colonial corala of the Liaburne Group appeu. t o  I 

more environmentally 8-itive than the M i ~ s i ~ s i p p i m  (Mermec) I 
10- pltbstmtiorioid corals of the undarl& Alapah Limestone. These I 

11 per -8e comb, u imdlcatd by the rock record, could tolerate I 
l m e r  moving water with apparently higher armunts of suspended lime :: m i c l e s .  Azmstmng (190) reports that  in the KogruB Formation, 

14 I m g  K n m W ,  the l i tbs t ro t ionoid  corals are abundant in ooid 



Gmphi'c registry of stratigraphic sections 

This report i s  p r h m i l y  concerned with the Pennsylvanfm ~e 

zrbonates and cOFd.6. The Wahoo Idmestone sections of th is  study are 

tl-t of the llsburne Group, which includes also the Late Missisaippim 

La@ Urnstone. The 1qahoo Limestone parts, sections 68~-1, 69A-1, 

id 6&-4A-4~, which are deacrtbed and geographically i l lustrated i n  

31s report in  figure 1, are underlain by considerable thicknesses of 

ississZppian carbonates. The microfossil zomtion md lithologies 

these older carbon~tes are described by Armstrong, Mamet, and Dutro 

L970). 

Reiser and others' (1970) 1:63,36%scale geologic maps of the 

f l e roch i t  Mountains &ve detailed geologic settings for sections 

&-I, 6 8 ~ - 4 ~ - 4 ~ ,  and 68A-3. Figures 4 through 7 are detailed graphic 

L w e s  4 though 7 near here. 

ocations of the measured stratigraphic sections of thia report. 

11 l6 1 figure 4. bca t ton  map, Ikiakpk River section 68A-1. 





20-P-e 7= 
Location map, Egetksmk River section 6811-5. 
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