
Division of Geological & Geophysical Surveys 

PUBLIC-DATA FILE 92-7 

DOWN-DIP PROFILE OF A CARBONATE RAMP, CHANGING 
ENVIRONMENTS OF THE WAHOO LIMESTONE, PRELIMINARY RESULTS 

Susan K. Morgan 
Brooks Range Geological Research Program 
Tectonics and Sedimentation Research Group 

Geophysical Institute 
Department of Geology & Geophysics 

University of Alaska-Fairbanks 

June 1992 

THIS REPORT HAS NOT BEEN REVIEWED FOR 
TECHNICAL CONTENT (EXCEPT AS NOTED IN TEXT) OR FOR 

CONFORMITY TO THE EDITORIAL STANDARDS OF DGGS. 

Released by 

STATE OF ALASKA 
DEPARTMENT OF NATURAL RESOURCES 

Division of Geological & Geophysical Surveys 
794 University Avenue, Suite 200 

Fairbanks, Alaska 99709-3645 



PURPOSE 

The purpose of this report is to summarize results from the 1991 field season of my Ph.D. 

research on the stratigraphy of the Carboniferous Wahoo Limestone. Four sections, located 

across depositional strike, were analyzed to document lateral facies changes from shallow-water 

environments in the north to deeper-water environments in the south. The northernmost section, 

Sunset Pass, is located in the eastern Sadlerochit Mountains, two intermediate sections, Marsh 

Fork and Pogopuk, are located in the Franklin Mountains, and the southernmost section, Wahoo 

Lake, is located near Wahoo Lake (Fig. 1, Table 1). 

INTRODUCTION 

The Earth's geologic past is increasingly being interpreted in terms of cyclic mechanisms, 

from plate motions to sediment accumulation. Cyclic sedimentation appears to be pervasive in 

stratigraphic sequences world-wide. Shallow-water carbonate platform deposits have long been 

recognized as being cyclic; however, the nature and causes of the cycles are still not fully 

understood (Einsele, 1982; James, 1984). 

Cyclicity is defined as the repetition of genetically related strata (Selley, 1976). 

Carbonate cycles, typically shallowing-upward sequences, are repeated in vertical successions of 

shallow-water carbonate platform deposits. The Wahoo Limestone comprises the upper 

formation of the Lisburne Group, and formed on a south-facing (present orientation) passive 

margin during Late Mississippian to Pennsylvanian. The Wahoo has long been recognized for 

cyclic variations in lithology and associated changes in depositional environments (Armstrong and 

Bird, 1977; Armstrong and Mamet, 1977). Because of the well-defined cyclic nature of the 

Wahoo and the range of carbonate platform environments (intertidal/inner ramp to open 

marinellower ramp) in which the shallowing-upward sequences occur, the Wahoo is ideally suited 

for basin analysis of carbonate cyclic sedimentation. 



Figure 1. Map shows distribution of Lisburne Group exposures, major geologic structures, and location of 
stratigraphic sections measured during the 1991 field season; 91 A Sunset Pass, 91 B Marsh Fork, 
91 C Pogopuk, and 91 D Wahoo Lake. These sections represent a transect extending down depositional dip 
(to the south) of the Wahoo carbonate platform (modified from Gruzlovic, 1991). 



Table 1. LOCATION OF MEASURED SECTIONS. 

Section Quadrangle Location 

Sunset Pass, Section 91 A Mt. Michelson C-1 T3N R30E Sec5 NW1/4 to SW114 

Marsh Fork, Section 91 B Mt. Michelson A-4 T4S R26E Sec 3 NW1/4 and 
T3S R26E Sec 33 SE 114 

Pogopu k, Section 91 C Mt Michelson A-5 T4S R24E Sec 6 NW1/4 

Wahoo Lake. Section 91 D Mt. Michelson A-5 T5S R22E Sec 7 W112 



OBJECTIVES OF STUDY 

There are six overall objectives to this study. 1. Identification of carbonate facies 

changes and interpret depositional environments that occur in the Wahoo Limestone across the 

southward-deepening carbonate ramp. Facies and depositional environment interpretations will 

allow paleoenvironment reconstructions of the region during Carboniferous time. 2. Use facies 

analysis to identify cycles and document the lateral variations of cycles at various positions along 

the carbonate ramp. 3. Correlate packages of cycles, parasequences, from section to section. 

4. Perform regional correlations between measured sections that crop out in the Arctic National 

Wildlife Refuge and the subsurface at Prudhoe Bay. This will involve thin section analysis of 

plugs and examination of core from 2 wells from Prudhoe Bay. Because the upper Wahoo 

Limestone is Pennsylvanian age, the cycles may have a genetic relationship to other world-wide 

Pennsylvanian cyclic deposits which are generally attributed to glacio-eustatic sea-level 

fluctuations (Heckel, 1986). Regional correlations are significant in determining the driving 

mechanism of Wahoo cyclicity. If regional correlations are successful, local versus regional 

controls of cyclicity may be identified. 5. Further define the driving mechanism of carbonate 

cyclicity using computer modeling. Modeling generates synthetic cycles by varying sedimentation 

rate, sea level oscillations, and subsidence. The comparison of observed cycles with generated 

cycles will aide in determining the effects of specific variables on cycle formation. 6. Construct 

local sea-level curves for the Wahoo and determine how they correlate with world wide-patterns. 

In the 1991 field season, 1 started to address the first objective, identifying facies 

changes in the Wahoo Limestone across depositional strike, by measuring (using the Jacob's 

staff method), sampling for petrographic analysis, and describing in detail four stratigraphic 

sections. The lower Wahoo was sampled at 1.0 meter intervals, whereas the upper Wahoo was 

sampled at 0.5 meter intervals to allow to documentation of small-scale shallowing-upward 

cycles. Conodont samples were collected at 10 to 20 meter intervals at Pogopuk and Wahoo 

Lake sections. Conodont and foraminiferal biostratigraphy will provide age control and be used 

for correlations. Although there are some problems with foraminiferal and conodont zonations in 



this region, (Gruzlovic, 1991, Krumhardt, in review), they should prove useful for local and 

possibly regional and world-wide correlations. 

WAHOO LIMESTONE 

Lower Wahoo 

The boundary between the underlying Alapah Limestone and the lower Wahoo is easily 

recognized in the northernmost section in the eastern Sadlerochit Mountains at Sunset Pass. It 

occurs at the base of the first distinct, laterally persistent, cliff-forming bed composed of light gray, 

open marine wackestone to packstone which overlies dark gray, dolomitic, muddy, cryptalgally 

laminated, restricted-marine facies of the Alapah. Farther south, at Wahoo Lake, the boundary is 

less distinct and is placed at the first light gray, crinoidal grainstone bed that overlies dark gray, 

dolomitic wackestones of Alapah. The base of the Wahoo is not exposed at Pogopuk. 

The lower Wahoo is generally composed of interbedded bryozoan wackestone to 

packstone with rare grainstone beds. At Sunset Pass, the lower Wahoo has several, thin (less 

than 1 meter), crinoidal grainstone beds. Thick sequences of bryozoan wackestone/packstone 

with significantly less grainstone comprise the lower Wahoo at Pogopuk and Wahoo Lake. The 

lower Wahoo thickens southward (78 meter at Sunset Pass, at least 85 meter at Pogopuk, and 

171 m at Wahoo Lake) on the deepening carbonate ramp indicating increased subsidence and 

sedimentation rates. The lower Wahoo generally appears to be non-cyclic in the field, however 

microfacies analysis may reveal subtidal cycles. 

Upper Wahoo 

The boundary between the lower and upper Wahoo is placed at the first orange- 

weathering, dolomite bed and generally reflects a change from cliff-forming lower Wahoo to the 

slope-and-ledge forming, cyclic lithologies of the upper Wahoo. The boundary is easy to identify 

at Sunset Pass, however it is less distinct at Wahoo Lake, and is difficult to locate at Pogopuk. 

The upper Wahoo contains many shallowing-upward cycles (parasequences) that have 

lateral and vertical variations in lithofacies. These variations reflect different depositional 

environments on the Wahoo carbonate ramp (Carlson, 1987; Gruzlovic, 1991). 



At Sunset Pass, the lowermost upper Wahoo contains two thin horizons of cryptalgal 

laminations (cryptalgal laminated dolomite at 78 m, cherty cryptalgal laminites at 84 m) above 

which the entire upper Wahoo appears to be dominated by cyclic successions of lithologies. The 

cycles are generally bounded by orange-weathering dolomudstone to dolowackestone and 

appear to vary in thickness. 

The Marsh Fork section was faulted and extensively folded, however a short section of 

upper Wahoo was measured. The dolomudstone to dolowackestones, characteristic of the upper 

Wahoo at the Sadlerochit Mountains, are less common at Marsh Fork, however subtle 

shallowing-upward cycles of wackestone/packstone to grainstone sequences are identified. A 

prominent 1 m thick coralline boundstone horizon is present, and is overlain by dark gray, chert- 

rich, laminated, deeper-water deposits that represent a more distal position on the deepening 

carbonate ramp. 

The upper Wahoo at Pogopuk has many, indistinct cycles containing wackestone, 

packstone, and grainstone. A coralline boundstone bed, 1 m thick, overlain by cross-bedded, 

bioclastic grainstone and laminated packstone occurs at 253 m. This may represent the 

shallowest water conditions at Pogopuk. The uppermost Wahoo consists of dark gray, cherty, 

non-cyclic wackestone and spiculitic mudstone which suggests deeper water outer ramp 

deposition and is similar to that at Marsh Fork. These deeper water lithologies do no occur in 

previously described sections farther north (Gruzlovic, 1991). 

Near Wahoo Lake, the upper Wahoo appears to be significantly different. A thick 

succession of dolomudstone, packstone/wackestone to grainstone parasequences occur in the 

upper Wahoo. The cycles are overlain by a 30 m thick, massive to thick-bedded, cross-bedded, 

oolitic grainstone. Above the grainstone, thin (0.5 to 1 m) black shale beds are intercalated with 

wackestone and packstone. These in turn are overlain by dark gray, cherty, spiculitic mudstone. 

The black shales also occur in the upper Wahoo type section, located approximately 1 mile east. 

However, the overlying cherty, dark gray mudstone at Wahoo Lake does not appear at the type 



section. The shale and mudstone represents deep outer-ramp to basinal conditions, the deepest 

water environments recognized on the Wahoo carbonate ramp (Watts et al., 1989). 

CORRELATIONS 

Although biostratigraphic data is not yet available, a preliminary correlation between 

sections can be made correlating the apparent shallowest-water environments deposited during a 

low-stand (cf. Gruzlovic, 1991). The cryptalgal laminites at Sunset Pass, in the Sadlerochit 

Mountains, represent the shallowest environment on the Wahoo ramp. Farther south at Pogopuk, 

a coral boundstone bed overlain by cross-bedded grainstone in the upper part of the upper 

Wahoo represents the shallowest environment at that location. The 30 m thick interval of oolitic 

grainstone at Wahoo Lake is thought to represent the shallowest-water environment at that most 

distal position on the carbonate ramp. The lower Wahoo thickens toward the south indicating 

increased accommodation space which is consistent with expected increased shelf-margin 

subsidence rates that occur on a passive continental margin. 

If the correlation is correct (Fig. 2), it would indicate that a significant amount of upper 

Wahoo was removed by erosion along the sub-Echooka unconformity. Age control and 

petrographic analysis will refine the correlation and also help determine how much of the upper 

Wahoo was lost due to differential erosion farther south at the Wahoo Lake location. 



CORRELATION DIAGRAM FOR WAHOO SECTIONS FROM NORTH TO SOUTH 

North South 

SUNSET PASS POGOPUK WAHOO LAKE 

0 
Alapah Not Exposed 

DOMINANT UTHOLOGIES 

Wackestone, Mudstone Wackestone and Packstone ; ;  Grainstone and Black Shale 

Packstone and Grainstone Cryptalgal larninite - Correlation line 
* * * A  

? 

Figure 2. Tentative correlation diagram of the Wahoo Limestone between the northernmost section at 
Sunset Pass and the southernmost section at Wahoo Lake. The most regressive paleoenvironments at 
each section are correlated. If the correlation is correct, a significant amount of the upper Wahoo was 
removed by erosion along the sub-Echooka unconformity. 
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APPENDIX 1 

MEASURED STRATIGRAPHIC SECTIONS 



KEY TO SYMBOLS AND ROCK TYPES USED IN STRATIGRAPHIC SECTIONS 

Allochems Rock Tvpes 

* Crinoid 
C Bioclast (undifferentiated) 
V Brachiopod 
Y Bryozoa (undifferentiated) 
M Bryozoa (fenestrate) 
.@ Bryozoa (ramose) 
O Coral (solitary) 
00 Coral (colonial) 
@ Ooid 

Peloid 
X Sponge Spicules 

Chert Nodule 

q,p Stylolite 

I Packstone 

Ed 
Wackestone 

Fracture 

] Dolomitized Lithologies 



Thick-bedded packstone/wackestone grades upward 
to crinoidal grainstone to packstone, black chert 
nodules at 63-64 m. 

Thick to medium-bedded bioclastic packstone, black 
to gray chert nodules at 36-38 m and 39 m, lenses 
of crinoidal grainstone. 

assive to thick-bedded crinoidal packstone. 

Massive cliff-forming crinoidal packstone, abundant 
calcite-filled fractures, scattered black chert nodules. 

Section starts at the base of first massive cliff-forming 
packstone above dark gray, cryptalgal laminated 



Massive to thick-bedded bioclastic packstonel 
grainstone grades upward to packstone/wackestone. 

Covered Interval. 

Thick-bedded packstone/wackestone with some 
packstone beds, laminated orange-weathering 
dolornudstones at 92.0-92.5 and 97.7-98.2 m. 



Massive to medium-bedded packstonetgrainstone 
with lenses of grainstone. 

Medium to thin-bedded wackekstone/packstone 
to packstone to oolitic grainstone, coralline 
boundstone at 208.0 rn. 

Massive to thick-bedded oolitic grainstone, contains 
some thin beds of bryozoan packstone, cross-beds 
at 189.5-1 92 m, coralline boundstone at 186.3- 
187.0 m, intercalated with green-gray bryozoan 
dolowackestone at 196-203 rn. 

Massive oolitic grainstone overlain by green-gray 
dolomudstone. 

Massive bioclastic packstone, stylolites common. 

Orange-weathering laminated dolornudstone grades 
upward to crinoidal grainstone. 



Medium-bedded orange-weathering bryozoan 
packstone to grainstone. 

Thick to medium-bedded packstone/grainstone, 
brachiopods common. 



Medium to thin-bedded wackestone with 

Section starts in upper Wahoo at first impassable 



Massive to thick-bedded bryozoan packstonel 
wackestone intercalated with bioclastic wackestone, 

Thick-bedded slightly dolomitic bioclastic wackestone 
grades upward to massive crinoidal packstone, 

Massive to thick-bedded bryozoan wackestonel 
packstone with lenses of packstone. 

Thick to medium-bedded bryozoan packstonel 
wackestone, abundant fenestrate bryozoan at 6-8 m. 

Section starts in the lower Wahoo exposed in 
creek bed, no Alapah exposed. 



See next sheet. 

Massive to thick-bedded crinoidal packstone, cross- 
beds at 143-1 44 m, uncommon grainstone layers and 

Thick to medium-bedded bryozoan wackestone, 
brachiopods and articulated crinoids common, gray 
to pink chert nodules, two covered intervals have 
cherty wackestone float. 

Massive, thick to medium-bedded bryozoan 
wackestonelpackstone to packstonelgrainstone 
sequences, outcrop is sheared. 

Massive to thick-bedded bryozoan wackestone, 
uncommon lenses and layers of packstone, tan- 
orange, grey, and black chert nodules. 

and finally dolomitic wackestone, lithofacies appear to 
be arranged in fining-upward sequences. 



oan wackestone, some packstone/ 

Medium-bedded bryozoan wackestone overlain 
by massive to thick-bedded packstone/wackestone, 
black chert at 207 m. 

Massive to thick-bedded crinoidal packstone, 
articulated crinoids at 201.5 m, lenses and layers of 

Medium-bedded wackestone/packstone, tan- 
weathering silty partings common, large brahiopods 
at 175.3-175.8 m, covered intervals have packstone 

Massive, cliff-forming, thick to medium-bedded 
crinoidal bioclastic packstone, covered intervals have 
packstone float, abundant large brachiopods on float 
at 164-1 66 m. 

I 



Thin-bedded mudstone intercalated with mudstonel 
wackestone, abundant large black laminated chert 

boundstone at 253-254 m, cross-bedded ooids at 
252-254, laminated peloidal packstonelgrainstone at 





Thin-bedded dolomudstone to medium-bedded 
dolowackestone fenestrate bryozoan and crinoids at 

small white chert nodules in upper part. 

Medium-bedded mudstone to wackestone, small 

Medium to thin-bedded wackestone with scattered 

uncommon fenestrate bryozoa, abundant gray chert 



wackestone, grainstone bed at 144-1 45 m, black chert 
nodules common. 

edium-bedded wackestone/packstone, lenses of 

increase in abundance toward top. 

rt nodules at 84 m, 



fenestrate and ramose bryozoas at 232 m. 

Medium-bedded bryozoan wackestone overlain by 
thick-bedded crinoidal packstone overlain by massive 
crinoidal grainstone, wackestone has abundant 
black to gray chert nodules and stringers. 

Thick to medium-bedded bryozoan wackestone 

Thick to medium-bedded packstone, bryozoans 
common at 166-1 68 and 170-1 74 m, lenses of 
grainstone, black chert nodules at 168-1 70 m and 



Massive to thick-bedded btyozoan wackstone grades to 

Thick to medium-bedded wackestone, lenses of 

small gray chert nodules. 

with 1.5 m crinoidal packstone. 



See next sheet. 

upward to thick-bedded packstone and massive 

Medium to thin-bedded wackestone grades to 

Thick to medium-bedded bryozoan wackestone with 
tan chert nodules grades to packstone to oolitic ( ?) 

Medium-bedded bioclastic wackestone. 

packstone/grainstone throughout. 



black chert nodules. 

Thick to medium-bedded laminated packstone at 
base that grades upward to very dark gray wackestone, 
uncommon black chert nodules, flourite in place at 

Massive to thick-bedded cross-bedded oolitic 
grainstone with some packstone intervals, 1-5 cm thick 
shale beds occur at 41 1.2 and 415.5 m, abundant 
brachiopods at at 420.7 m. 



z 

2 
a w  

Sub-Echooka unconformity at 469 rn, abrupt, planar 
contact of upper Wahoo with 1.0 rn thick outcrop of 
dark gray sandstone of the Echooka Formation, 
appears to be brecciated. 

9 
8 
I 

- 

- 

- 

- 

- 

- 

Covered slope above Echooka outcrop, no additional 
exposures. 


