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Abstract

The primary objective of this project is to develop an integrated database to characterize
resefvoir heterogeneities resulting from numerous small-scale shallowing-upward cycles
(parasequences) comprising the Pennsylvanian Wahoo Limestone. The Wahoo Limestone is
the upper part of an extensive carbonate platform sequence of the Carboniferous Lisburne
Group that is widely exposed in the Brooks Range and is a widespread hydrocarbon reservoir
unit in the subsurface of the North Slope of Alaska. A major goal is to determine lateral and
vertical variations in the complex mosaic of carbonate facies comprising the Wahoo Limestone.

This report presents the preliminary results of research accomplished by a team of
specialists in carbonate petrology, biostratigraphy, and diagenesis during the 1989-1990 fiscal
year. Itincludes a summary of some of the petrographic data which has been entered into a
computerized database; a discussion of biostratigraphic data, particularly conodont biofacies
analyses; an overview of diagenetic studies; and a section of the regional geological framework
studies. The database is allowing us to test which parameters, such as ooids, can be used to
recognize and understand the carbonate petrology of the shallowing-upward cycles. The cycles
have been interpretedin terms of depositional environments and sea-level fluctuations and used
todevelop detailedfacies models. Conodontbiostratigraphy is providing anindependentmeans
of correlation and age dating. Conodontbiofacies analyses are being related to paleoenvironments
as determined by carbonate facies analysis. Analyses of diagenesis have allowed recognition
of a number of subaerial exposure surfaces that are another important means of correlation and
will figure importantly in developing sea level curves. Regional studies provide an understand-
ing of lateral facies relationships and how position on a southward-facing carbonate ramp affects
the nature of carbonate shallowing-upward cycles. In order to understand the overall basin
history and its relationship to the stratigraphic and structural framework, our research alsg
considers aspects of rock units adjacent to the Wahoo Limestone, the underlymg Alapah
Formation and overlying Echooka Formation.

Our correlation scheme, using distinct marker beds and cyclic stratigraphy, will allow us
to interpret the depositional history and paleogeographic evolution of the region and to develop
predictive facies models and paleogeographic maps. Our detailed analysis of the Wahoo
Limestone will provide a basis for interpreting correlative rocks in the adjacent subsurface of the
coastal plain of ANWR, a potential hydrocarbon lease-sale area. In a broader sense, our work
will provide an excellent generic example of carbonate shallowing-upward cycles which typify
carbonate sediments. If the cyclicity resulted from global (eustatic) sea-level fluctuations, our
sea level curves may be applicable to Pennsylvanian rocks elsewhere.



Executive Summary / Introduction

The primary objective of the project is to develop an integrated database to characterize
reservoif heterogeneities resulting from numerous small-scale shallowing-upward cycles com-
prising the Pennsylvanian Wahoo Limestone. The Wahoo Limestone is the upper part of an
extensive carbonate platform sequence of the Carboniferous Lisburne Group that is widely
exposed in the Brooks Range and is a widespread hydrocarbon reservoir unit in the subsurface
of the North Slope of Alaska (Figs. 1 & 2). '

The project involves a number of carbonate researchers from four institutions (Table 1).
A computerized database systemis being developed to accommodate information on carbonate
petrology, diagenesis and biostratigraphy derived from our analyses of thousands of samples
systematically collected from over 25 stratigraphic sections in the Arctic National Wildlife Refuge
(Fig. 3, Table 2). The objective is to determine lateral and vertical variations in the complex
mosaic of carbonate facies comprising the Wahoo Limestone.

Our correlation scheme, using distinct marker beds and cyclic stratigraphy, will allow us
to interpret the depositional history and paleogeographic evolution of the region and to develop
predictive facies models and paleogeographic maps. Biostratigraphic data, provided by Dr.
Bernard Mamet (University of Montreal; algae and foraminifera) and Dr. Anita Harris (U.S.
Geological Survey; conodonts), will serve as independent means of correlation (Table 1).
Exposure surfaces and associated variations in cement stratigraphy analyzed by Dr. Robert

Goldstein and Randall Carlson (University of Kansas) will figure importantly in refining our
correlations.

The ultimate goal is to construct sea level curves modeling the carbonate cycles and to
determine our ability to use cyclic stratigraphy as a means of correlation. In the later stages of
the project, we will examine the relationship between cyclic stratigraphy and reservoir properties
in correlative rocks at the Lisburne field, in addition to testing our ability to use cyclic stratigraphy
for regional correlations. Our detailed analysis of the Wahoo Limestone will provide a basis for
interpreting correlative rocksin the adjacent subsurface of the coastal plain of ANWR, a potential
hydrocarbon lease-sale area. In a broader sense, our work will provide an excellent example
of carbonate shallowing-upward cycles which typify carbonate sediments. If the cyclicity
resulted from global (eustatic) sea-level fluctuations, our sea level curves may be applicable to
Pennsylvanian rocks elsewhere.

This report presents the results of research accomplished during the 1989-1990 fiscal
year and supplements the four quarterly DOE technical reports completed during this period
(Watts, 1990 a-d). Iltincludes a summary of some of the petrographic data that has been entered
into a computerized database; a discussion of biostratigraphic data, particularly conodont
biofacies analyses; an overview of diagenetic studies; and a section of the regional geological
framework studies. As such, this progress report summarizes some of the major advances
made on our integrated stratigraphic studies on carbonate shallowing-upward cycles supported
by the Department of Energy contract and a consortium of oil industry sponsors.
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Figure 2 Schematic stratigraphic column shows the general stratigraphic frame-
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Significant Accomplishments in 1989-1990

1 .Completion of computerized petrographic database system for the Wahoo Lime-
stone and input of data from over 1000 petrographic analyses.

2.Determination of the position of the Mississippian-Pennsylvanian boundary in an
important reference section using conodont biostratigraphy.

3 «Completion of a successful program of geological field studies in the Brooks Rangé

of northern Alaska obtaining samples and field data on biostratigraphy, diagenesis,
lithostratigraphy and regional geology.

4.Completion of detailed petrographic analysis of samples from three stratigraphic
sections illustrating lateral facies changes in the Lisburne Group.

5 . Presentation of several papers at international conferences (Watts et al., 1990;
Krumhardt and Harris, 1990; Carlson, 1990; imm, 1990).

6.lnitiation of research project on cyclicity in the Lisburne Group by a new Ph.D.
student, supported by a DOE-funded Research Assistantship.



Significance for EOR Research Plan

Our research on cyclicity addresses a number of issues which are important to DOE’s
fossil energy program as outlined in the Program Research and Development Announcement
for this contract (DE-RA22-88BC1420). Our research will provide “generic cross-cutting
descriptions of formations to permit design of cost-effective and environmentally acceptable
production methods.” In documenting the three-dimensional anatomy of the Wahoo Limestone
(both primary and diagenetic characteristics), we will define the spatial variability in reservoir
rocks that can affect movement of fluids (oil and gas, etc.). The regional scope of the research
will allow integration of reservoir heterogeneity studies within a regional structural and strati-
graphic framework. Excellent rock exposures in the Brooks Range allow us to map continuous
outcrops of rocks equivalent to reservoir rocks. Our analyses permit us to determine
depositional environments and to relate primary heterogeneities to sedimentary processes for
predictive purposes and develop models required to characterize reservoir heterogeneity. In
particular, we are formulating predictive geological and microfacies models which can provide
a scientific basis for predicting well spacing and enhanced oil/gas recovery potential in poorly
known fields. '

In addition, our work meets a number of needs outlined in the report -- "Research needs
for hydrocarbon fuels" (CONF-8705179; DE87014555), sponsored by the U.S. Department of
Energy. Ourresearch provides a 3-D analysis of reservoir rocks, focusing on sequence analysis
and rock properties, facies analysis, and diagenesis. Although the research applies to aknown
reservoir (the Lisburne field), it also pertains to frontier areas (Alaska’s North Slope in ANWR),
providing information on regional unconformities, and tectonic and paleoenvironmental controls
on basin evolution. By involving a number of carbonate specialists and biostratigraphers, this
project takes an integrated approach for basin analysis and will provide conceptual facies
models, paleogeographic maps, analyses of depositional systems and history, geochemistry of
cements, thermal history (CAl), and diagenetic history. In the final phase of the project, analyses
of weli(s) from the Lisburne field will allow us to compare 3-D rock characteristics and reservoir
properties and performance. Education and training of graduate students involved in the project
will help to supply a continuing supply of professional geologists to implement industrial and
governmental programs for satisfying the nation’s future energy needs. Furthermore, our
research programis an excellent example of how cooperative DOE/industry support of projects
significant to industry and DOE missions can improve the research base existent in our
universities, and further develop and utilize the academic manpower resource forbasic research
on energy problems.



Annual Report 1989-1990

Computerized Database

Significant progress was made in developing a computerized database system for
petrographic and biostratigraphic data from the Lisburne Group. Using 4th Dimension database
program on a MAC lIx computer, we have established menu-driven data-input structure which

- allows easy input of data obtained from previous and ongoing research (Figs 4 & 5). An
advantage of 4th Dimension is its ability to have muitiple data entry modes (even in different
languages), allowing it to accommodate a variety of datasheets used by different researchers.

The strength of the computerized database is its ability to search for selected character-
istics and illustrate variations in lithology or composition in a stratigraphic sequence (Fig. 6). For
example, the parasequences (shallowing-upward cycles) which characterize the upper Wahoo
Limestone are dramatically illustrated by the graph which shows variations in content of ooids
and peloids in the Plunge Creek stratigraphic section (Fig. 8). The cycles indicate the repeated
southward progradation of ooid shoals and peloidal lagoons following rapid northward trans-
gression at the base of each parasequence. The relative abundance of ooids in different
stratigraphic sections is also useful in illustrating and understanding lateral facies changes
occurring down depositional dip (Fig. 9).

Petrographic analyses from more than 1000 samples have been entered into the
database. Appendix 1 is a compilation of several parameters contained in the database
including lithology, majorand minor grain types, and interpretation of depositional environments.
In addition to this essential data, the database also contains information on texture, diagenesis,
and other features important for understanding facies relationships and related reservoir
characteristics.

Additional programing is presently underway to develop database systems for conodont
biostratigraphy. In the future, the database will be expanded to accommodate information on
localities, stratigraphy, and diagenesis. At this point, our efforts have been directed at database
development and data input. We have only begun to utilize this powerful research tool that will
allow us to semi-quantitatively analyze and compare a variety of parameters (including
petrographic, biostratigraphic, and diagenetic data) in order to develop a more complete
understanding of shallowing-upward cycles. -

10
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Sample:| |

—Diagenetic Feautures

articulated crinoid stems
""" in growth position
articulated brachiopods
algae in growth position
organically bound

: vertical burrows

full-frond fenestrate bryozoans N

'  ' general bioturbation
mottling

massive structureless bedding
" | stromatolites

| cryptalgal mats

| rootlets

| plant debris

| OTHER

~Sedimentary Structures

D even parallel laminae (<3mm)
even parallel laminae (>3mm)

coarse-grained parallel laminae
low-angle cross-laminae

E::] low-angle truncations

wave ripples
small-scale cross laminae (<5cm)
[:3 large-scale cross laminae (>5c¢m)

-i inverse grading

| intraclastic conglomerate

| imbricated clasts
-, thin bed of debris (lag deposit)
_ deformed bedding
| convolute lamination

- load casts

- flute casts & other sole markings

| |OTHER

Dolomite Chert Replacement veins
Content : Content C:] - fractures
Xstal Size Min: | pm] Concentration: | [ chert nodules
Xstal Size Mean: Hm | ] calcareous nodules
Xstal Size Max: Hm evaporite nodules
Xstal Shape: ] :
~ Xsta apg Clay Material __] evaporite molds
Replacement Fabric: collapse breccias
Type [(non)ferroan]: Content : T
Distribution: Concentration: | || geopetal structures
styolites
oil stain (bitumen)
-Biogenic structures
corals in growth position horizontal trace fossils syntaxial overgrowths

| drusy spar

. | isopachoixs rims

| neomorphic microspar
blocky void filling spar

| intercrystalline
| intraparticle

| interparticle

- fracture

Moldic Type

N |

-Bed Descriptions ——
Color
l ]
Bed thickness
l |

A CM R 0 - Abundant (>50%), Common (10-50%), Minor (1-10%), Rare (<1%), 0 (none), E
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Sample AK]11M121.5
Researcher (s)|Paul Gruzlovic
Rock Types limestone

Carb Types Grainstone

SKELETAL GRAINS

Bryozoans
Nv,v”iPelmatazoans
Ostracods
Brachiopods
E:l Sponge Spicules
Foraminifera
Calcispheres
Gastropods
E:] Bivalves
B Trilobites
NON-SKELETAL
D Ooid
‘[::::] Superficial ooids
k Peloids
[::::] Intraclasts
[_:l Oncolites
[::::] Qtz sand or silt

MEAN GRAIN SIZE
OXOOO
vf £ m ¢ vc

PRESERVATION OF GRAINS
Recrystalization of grains

none O slightly O moderate O well
Grain Borings: '

QO none O slightly @ moderate O we11

Micritic Envelope Development :
partial complete

O none O slightly mpderate O well
POROSITY

D Coral (solitary)
Coral (colonial)

D Algae (undiff.)

D Donezella

[:::I Asphaltina

E Fenestrate

| ramose

ey T

GRAINS

Glauconite
Pyrite

Phosphate grains
Grapestone

Hematite

U]

Diagenetic quartz

Grain Roundness

well O moderate O poorly
GRAIN SORTING

well () moderate O poorly

DOLOMITE
Content
Xstal Size Min:

Xstal Size Mean:

Xstal Size Max:

Xstal Shape:
Replacement Fabric:

NDate of Tast Fntrv 8/4/90

Bioclasts (undiff.

CLAY MATERIAL

Content E
Concentration: I |
CHERT REPLACEMENT '

Content

Concentration: l I

OIL STAIN

QO nigh (O moderate O 10w none
SEDIMENTARY STRUCTURES

Parallel laminae

Small-scale X-laminae
) Wavy laminae

Graded bedding
Bioturbation

Geopetal structures
Stromatolite

Fenestrae

Birdseyes

Breccia

Evaporite repl. nods.
articulated crinoid stems
vertical burrows

Scoured surfaces
Imbricated clasts

OTHER

(LT

CEMENTS

D Syntaxial overgrowths
| Equant blocky spar

Drusy blocky spar
Ej Isopachous rims
D Neomorphic microspar
E Blocky spar cavity fills
[ JMicritic
COMPACTION |well-moderatd

Vuggy | I Sutured grains
Moldic D Broken rims or coats

IntercrystallineCj Strained grains

D Bent twins
E Styolites

| ! Fractures

Depositional Environment
I lagoonal ]

Intraparticle

Interparticle

L

Fracture

Comments

little room for cement
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Abundant

Common

B Qoids
B Peloids
Minor
Rare
T
210m 245 m

Plunge Creek section - Cyclicity in ooids and peloids
in the Atokan part of the upper Wahoo Limestone

Figure 8 Graph generated by the 4th Dimension Wahoo database illustrates re-
peated lithologic cycles as shown by the distribution and relative abun-
dance of ooids and peloids in the upper part of Wahoo Limestone at Plunge

Creek (locality 11 on Fig. 2). Horizontal scale indicates meters above base
of section.
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Biostratigraphic Studies

Biostratigraphic studies of conodonts have been particularly useful in defining the
position of the Mississippian-Pennsylvania boundary in the Wahoo Formation (Fig. 10; Krumhardt
and Harris, 1990). The Mississippian-Pennsylvanian boundary, now defined by the Interna-
tional Carboniferous Boundary Commission as the first appearance of the noduliferus-primus
Zone, is located approximately 15m below the contact of the informal lower and upper subunits
of the Wahoo Formation. Because conodont biostratigraphy is independent of lithostratigraphy
and the biostratigraphy of foraminifera and algae, the conodont results allowed us to resolve
inconsistencies in stratigraphic nomenclature and age determinations (Fig. 11).

At section AK88-A, the Wahoo Formation is informally subdivided into lower and upper
subunits (Fig. 10). The lower Wahoo, which contains the Mississippian-Pennsylvanian boundary,
consists of predominantly bryozoan-pelmatozoan packstone with lesser grainstone/packstone.
An increase in grainstones in the Pennsylvanian part of the lower Wahoo indicate a general
shallowing-upward trend toward the top of the unit. The base of the Pennsylvanian upper Wahoo
begins with silty, dolomitized skeletal and cryptalgal wackestone and packstone and passes
upwards into ooid grainstone, ooid and Donezella packstone and grainstone, and is capped by
Osagia-bearing peloidal and spiculitic wackestone and packstone. Although numerous lithofacies
comprise the parasequences in the upper Wahoo, this small-scale parasequence cyclicity is
superimposed on a larger scale transgressive-regressive trend from cryptalgal intertidal con-
ditions deepening upward into ooid shoals then shallowing into restricted platform (lagoonal
deposits at the top of the unit).

Paleoenvironments and Conodont Biofacies

Lower Wahoo

The lower Wahoo is interpreted to have formed on an open-marine, shallow platform of
normal salinity as indicated by the abundance of bryozoan and pelmatozoan grains. The
abundance of packstone plus the high conodontdiversity indicate thata low-energy, nonrestricted,
open-marine environment dominated during the lower Wahoo. The Mississippian-Pennsylva-
nian boundary occurs in the upper part of the lower Wahoo.

Lower Wahoo - Mississippian

Packstone and lesser wackestone which formed in low-energy environments produced
6.5 generically identifiable conodonts per kilogram and are dominated by Cavusgnathus.
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WAHOO FORMATION
SUNSET PASS - SECTION AK88A
SADLEROCHIT MOUNTAINS

260 -

100

| PERMIAN Echooka
<
§ no rg)lder
than
= 8 sinuosus
P <
= upper ~
§ - Wahoo bassleri’
ol < .
S E s"]uatus-
&N minutus
< 8 to
E o symmetricus
o. Q
= noduliferus
, - primus
& § lower ower?
ower?
% E, Wahoo muricatus
€I
(8]

slitstone

Osagia
peloid
spiculitic

looid and

200 4Donazella

oolitic
&
skeletal

talgal

bryozoan
&

pelmatozoan

Figure 10 Conodont biostratigraphy for the Wahoo Limestone. See Appendix 2 for

sample data.
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the Lisburne Group.
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Cavusgnathusis typically found in shallow, open-marine environments. The moderate- to high-
energy open-marine environments, represented by packstone/grainstone, yield 9.5 conodonts
per kilogram and are also dominated by Cavusgnathus (Fig. 12). The associations are as
follows:

Low Energy Moderate to High Energy

51% Cavusgnathus 68% Cavusgnathus

18% Gnathodus 13% Adetognathus

16% Adelognathus 7% Gnathodus

8% Hindeodus 5% orless of

3% orless of Vogelgnathus
Rhachistognathus Rhachistognathus
Adetognathus Hindeodus
dioprioniodus

Lower Wahoo - Pennsylvanian

Inthe Pennsylvanian, Cavusgnathus is replaced by Adetognathus and the index fossil
forthe Pennsylvanian, Declinognathodus, appears. Species of Rhachistognathusalsoincrease
(Fig. 12). The low-energy facies yield 3.6 conodonts per kilogram. The moderate- to high-
energy packstone/grainstone and grainstone are more abundant in the Pennsylvanian part of
the lower Wahoo and yield 27 conodonts per kilogram. The associations are as follows:

Low Energy Moderate to High Energy
42% Adetognathus 57% Adetognathus
22% Declinognathodus 34% Declinognathodus
18% Hindeodus 8%  Rhachistognathus

16% Rhachistognathus 1% Hindeodus
2% Idioprioniodus '

Upper Wahoo

The upper Wahoo is composed of numerous parasequences having small-scale cyclical
changes in lithology that indicate shallowing-upward cycles. These lithologies formed in a
variety of carbonate depositional environments including intertidal, restricted lagoon, open
lagoon, tidal channel, shoal, moderate to high-energy open-marine, and low-energy open-
marine (Fig. 12).

Intertidal cryptalgal laminites are limited stratigraphically to the lowermost upper
Wahoo. These rocks produced only one conodont per kilogram, most of which were generically
indeterminate elements. While conodonts can tolerate a wide variety of marine conditions, they
do not withstand silty conditions or extreme salinities. The conodonts present in this environ-
ment are the result of postmortem transport.
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_Annual Report 1989-1990

ADETOGNATHUS
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| DECLINOGNATHODUS WAH 00
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NEOGNATHODUS
IDIOPRIONIODUS
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KE
ﬂﬂmmmm I Relative abundance
== == less than 2%
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Conodont biofacies and interpretations of paleoenvironments.
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The restricted platform (lagoonal) depositional environments are represented by oncolitic
grainstone, peloidal oolitic, and spiculitic packstone/grainstone and spiculitic mudstone. These
rocks produced 0.8 conodonts per kilogram. Interestingly, most of the conodonts arejuveniles.
All other conodonts are attributed to postmortem transport.

The lithologies of the open platform are represented by oolitic to oncolitic packstone/
grainstones, peloidal grainstone/packstone, and rarer oncoliticbryozoan/pelmatozoan packstone/
wackestone. These rocks produced 9 conodonts per kilogram. The associations suggest that
Rhachistognathus and Adetognathus lived in the lagoon to the virtual exclusion of all other
conodonts. With the possible exception of Idiognathodus, the other conodonts probably rep-
resentpostmortem transport. The oolitic and oncolitic rocks produced the least conodonts. The
associations of the open platform are as follows:

62%  Rhachistognathus

30% Adetognathus

2% Idiognathodus

Less than 1% of Idioprioniodus, Declinognathodus, and Neognathodus

The tidal channels and high-energy, marine environments of the platform (possibly tidal
deltas and storm washovers) include skeletal, peloid/bryozoan, and peloid/foraminifera
grainstones. These samples yielded the highest numbers of Rhachistognathus. All other
conodonts are considered postmortem transport. These rocks yleld 20 conodonts per kilogram
with the following association:

83% Rhachistognathus
16% Adetognathus.

The highest energy environments are represented by oolitic and oolitic/skeletal
grainstones. These rocks produce only 4 conodonts per kilogram. Adetognathus in the upper
Wahooiis atits highest relative abundance in these high-energy environments. This is in contrast
to the lower Wahoo in which Adetognathus appears to prefer lower energy, open-marine con-
ditions. The association is:

59% Rhachistognathus
38% Adetognathus.

The moderate- to high-energy open marine environments are represented by poorly
washed skeletal grainstone and pelmatozoan/bryozoan grainstone/packstone to grainstone,
some of which are silty. These rocks produce 16 conodonts per kilogram. This slightly more
diverse biofacies indicates a more stable marine environment. The association consists of:

69%  Rhachistognathus

12% Idiognathodus

10% Declinognathodus
9% Adetognathus.
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The deepest open-marine environment represented in the upper Wahoo includes
pelmatozoan/bryozoan packstone and packstone/wackestone. These rocks were deposited
below, but close to, wave base. Many were dolomitized. These rocks produce the most diverse
associations as well as the greatest number of conodontfragments. The latterwere undoubtedly
winnowed from nearby higher energy regimes. The yield is 10 conodonts per kilogram. This
faciesis eitherat orbeyond the environmental preference of Rhachistognathusand Adetognathus.
Thus, most of their elements probably represent hydraulic admixture. Idiognathodus and
Declinognathodus probably inhabited this normal-marine, low-energy environment. The
association includes:

- 50% Idiognathodus
23% Declinognathodus
16% Rhachistognathus
6% Adetognathus,
- 3% or less of Neognathodus, 2% Idioprioniodus, Hindeodus, and Idiognathoides.

Conodont Color Alteration Indices

Conodonts are initially pale yellow and composed of apatite and lesser organic matter.
With progressive heating, the organic carbon trapped in the internal structure of the conodont
element first gets progressively darker brown, then jet black, then becomes lighter grey, opaque
white, and finally transparent. This color change has been quantified, termed CAI (Color
Alteration Indices), with numeric values ranging between 1 to 8, with 1 representing pale yellow,
and 8 signifying transparent. This processisirreversible and thus records the highesttemperature
attained by the host rock. CAl values of 1.5 to 2 fall within the oil window (~65 - 135°C).

The CAl's of the conodonts in Section AK88-A ranged from 2.5 to 6. Interestingly, no
conodonts had a value of 5 (black) and most samples were dominated by a CAl of 6 (grey). In
addition, all conodont elements had a sugary texture rather than the normally hyaline surface
texture of conodonts. The wide range of CAl values obtained from individual samples along with
the altered surface texture indicate hydrothermal alteration.

Interestingly, samples from the uppermost Alapah Formation are much more altered that
those from the lowest Wahoo Limestone, suggesting that the hydrothermal activity affected the
Alapah more strongly. The presence of cavernous porosity atthe Alapah-Wahoo boundary, now
filled by coarse spar, may have promoted the flow of hydrothermal fluids through the relatively
porous dolostones of the uppermost Alapah, whereas the more tightly cemented limestones of
the Wahoo were less affected by hydrothermal alteration.
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Diagenetic Studies

University of Kansas researchers have made significant progress in their studies of
cementstratigraphy. Using cathodoluminescence and other advanced techniques for analyzing
diagenesis, several possible exposure surfaces have been recognized, as indicated by
variations in cementation histories (Fig. 13; Carlson, 1990). Limestones below the exposure
surfaces are characterized by extensive early diagenetic, nonferroan, calcite cements having
numerous cathodoluminescentzones. In contrast, above the exposure surfaces, early cements

are uncommon and late diagenetic, ferroan, calcite cements generally have very dull
cathodoluminescence.

During June and July of 1990, field studies of the Lisburne Group were undertaken in the
Sadlerochitand Shublik Mountains and the Fourth Range (localities 8, 10, and 11 on Fig.3). The
major goal of the field work was to find surfaces of subaerial exposure within the unit and find
cross-cutting relationships that would allow dating of different generations of calcite cement
within the Lisburne Group. These study areas represent a cross-section traversing the Lisburne
carbonate platform southward down depositional dip. A major goal was to assess the

relationship between diagenesis and paleogeographic setting on the Lisburne carbonate
platform. '

A major regional unconformity surface truncates the top of the Lisburne Group beneath
the Permian Echooka Formation (Figs. 2 and 14). In the Sadlerochit Mountains (locality 8 on
Fig. 3), the basal Echooka Formation has conglomerates which contain rounded clasts of
limestone derived from the underlying Lisburne. In the Shublik Mountains (locality 10 on Fig.
3). the basal Echooka conglomerate contains abundant clasts from the Lisburne and also has
an iron-rich horizon with possible root casts that may represent a paleosol that developed along
the unconformity surface. A variety of conglomerates and karst breccias occur above the
unconformity in the Fourth Range (locality 11 on Fig. 3). Comparison of the stratigraphic
sections along this transect shows that pre-Echooka erosion cut deeper in the south, possibly
removing an additional 100 meters of Lisburne strata in the Fourth Range compared to the
Sadlerochit Mountains (Fig. 14).

A number of less well-developed subaerial exposure surfaces occur within the Lisburne
Group. Subaerial exposure surfaces recognized in our field studies are more abundant in the
north thanin the south, with 11 surfaces in the Sadlerochit Mountains, 10 surfaces in the Shublik
Mountains, and 9 surfaces in the Fourth Range. The nature and interrelationships of the
exposure surfaces are summarized below.
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Figure 13 Position of possible exposure surfaces in the Lisburne Group in the eastern
Sadlerochit Mountains.
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Exposure Surfaces in the Basal Alapah

The lowermost exposure surface in the Lisburne Group occurs near the base of the
Alapah Formation (Fig. 14). The exposure surface has a laminated crust, solution collapse
breccia and fractures showing evidence of later compaction. This surface occurs in the Shublik
Mountains and Fourth Range but apparently laps out northward and is not present in the
Sadlerochit Mountains. In situbrecciation in the Itkilyariak Formation (sandy limestones which
locally occur immediately beneath the Lisburne Group) may indicate subaerial exposure in the
Sadierochit Mountains. However, previous foraminifera zonation data indicate that the base of
the Lisburne is older in the Shublik Mountains and Fourth Range (as old as Zone 13) than in the
Sadlerochit Mountains (Zone 186), so these exposure events may not correlate.

Exposure Surfaces Approximately 40 Meters Above Base of Alapah

A well-developed exposure surface occurs approximately 40 meters above the base of
the Alapah Formation in all three study areas (Fig. 14). In the Sadlerochit Mountains, a well
developed laminated crust is present and root features extend five, perhaps ten, meters below
the horizon. This surface in the Shublik Mountains is also marked by a laminated crust and
laterally extensive in situbrecciation. Inthe Fourth Range, this horizon has three closely spaced
subaerial exposure surfaces marked by cryptalgal laminated mudstones and in situbreccias that
cap thin sequences of lime mudstone, peloidal packstone, and fenestral dolomite. Above the
three surfaces, 15 meters of peloidal packstone are capped by fenestral dolomite that has early
cracks and root molds filled with calcite spar. The most direct correlation is that the lowermost
surface in the Fourth Range correlates with the exposure surfaces at this level in the Shublik and
Sadlerochit localities and that the three sequences between the other subaerial exposure
surfaces in the Fourth Range lap out northward before reaching the Shublik Mountains.
Alternatively, the highest exposure surface in the Fourth Range may correlate and the
underlying exposure surfaces may have been lost due to erosion and merging of unconformities
in the northern areas. However, the well-developed paleosol and lack of erosional features in

the Sadlerochit Mountains suggest prolonged exposure during the repeated onlapping carbonate
sequences in the Fourth Range.

Package of Three Exposure Surfaces in the Upper Alapah

The above noted exposure surfaces are overlain by a thick section (varying from 100 to
200 meters thick) of echinoderm-bryozoan packstone and grainstone that form several subtidal
shallowing-upward sequences. This thick interval of open-marine carbonates is capped by a
series of three, closely spaced, subaerial exposure surfaces in the Sadlerochit and Shublik
Mountains that can be traced to two similar surfaces in the Fourth Range (Fig. 14). The thin
sequences associated with these exposure surfaces are composed of burrowed peloidal
packstone that are capped by lime mudstone with in situ breccia, root molds and minor pisolith.
The stratigraphic correlation diagram (Fig. 14) is hung on this interval because this extensive
tidal flat environment may represent a correlative, generally horizontal datum. “This datum may
provide a picture of the paleotopography at the base of the Lisburne and/or relative subsidence
across this Mississippian carbonate platform.
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Exposure Surfaces at the Alapah-Wahoo Contact

The uppermost beds of the Alapah Formation in all three sections have interbedded
stromatolites and finely crystalline dolostone. Stromatolites are mostabundant in the Sadlerochit
and Shublik Mountains and are less well developed in the Fourth Range section. Early cracks
and disruption of algal textures are present in the stromatolitic beds, indicating supratidal to
possible subaerial exposure conditions in the uppermost Alapah before the major transgression
that resulted in the deposition of open-marine limestones of the overlying Wahoo Limestone.

The Wahoo-Alapah boundary in the Sadlerochit and Shublik Mountains is marked by
cavernous porosity filled mostly by very coarse calcite spar and contains lesser down-dropped
blocks, clasts of limestone, quartz silt and sand, and angular chert fragments. The cave
formation involves the lowest Wahoo Limestone so it must postdate the possible subaerial
exposure of the uppermost Alapah Formation.

Exposure Surfaces at the Mississippian-Pennsylvanian Boundary

An exposure surface occurs immediately below the Mississippian boundary (as deter-
mined by conodont at the Sadlerochit Mountains section, see above), approximately 50 to 60
meters above the base of the Wahoo Limestone (Fig. 14). In the Sadlerochit Mountains,
erosional topography ranging from a meter to a few centimeters is present less than one meter
below the first occurrence of Pennsylvanian conodonts. A sample from immediately below this
irregular surface has banded caliche that is offset by stylolites. This constrains the formation of
the caliche to preburial conditions and indicates that it most likely formed during subaerial
exposure of the Mississippian strata. Inthe Shublik Mountains, samples collected from beneath
the Mississippian-Pennsylvanian boundary have ribbon spar filling fine fractures that meander
around grains. Ribbon spar and early cracks are associated with meteoric-vadose conditions.
In the Fourth Range, in situ brecciation and tegmatic fractures occur less than ten meters below
the first Pennsylvanian foraminifera. Conodontbiostratigraphy in the Sadlerochit Mountains has
moved the Mississippian-Pennsylvanian boundary 10 meters lower than indicated by foramini-
feral zonation so the Fourth Range exposure surface may correlate. Conodont analyses of the
Fourth Range section are presently underway and will allow us to test this correlation.

Morrowan Exposure Surfaces in the Sadlerochit Mountains

Three exposure surfaces have been recognizedin Morrowan age (lower Pennsylvanian)
limestones in the Sadlerochit Mountains (Fig. 14). These exposure surfaces were not found in
the Shublik Mountains and Fourth Range, suggesting that these paraconformities pass
southward into relatively conformable successions. The lowermost surface occurs at the top of
the first shallowing-upward cycle in the upper Wahoo Limestone (Fig. 14), and is marked by
small expansion-dissolution fissures (1-2 cm wide) filled with chalcedony and minor calcite
cement predating laminated clays lining the sides of the fissures. The next two surfaces occur
at 130 and 150 meters above the base of the Wahoo Limestone and have in situ brecciation
developed in finely crystalline, green dolostone that caps a shallowing-upward cycle. Porosity
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in these breccias is infilled by dark-brown lime mud and echinoderm and bryozoan grains that
Jinfiltrated during the deposition of the overlying marine limestones. '

Morrowan-Atokan Boundary in the Shublik Mountains

In the Shublik Mountains, a subaerial exposure surface occurs at the Morrowan-Atokan
boundary (Mamet, pers. comm.). This boundary is a few meters above first Atokan foraminifera
recognized by Gruzlovic (in prep.). Ribbon spar was observed and Paleomicrocodium, a
perforating algae indicating subaerial exposure, was previously recognized at this horizon.
Subaerial exposure features were notfound atthe Morrowan-Atokan bou ndary in the Sadlerochit
Mountains and Fourth Range (Fig. 14). A single subaerial exposure surface was found,
however, inthe lower part of Atokan strata in the Sadlerochit Mountains and in the Fourth Range.
The surface in the Sadlerochit Mountains is 210 meters above the base of the Wahoo and is
expressed by small dissolutional pockets in an oolitic grainstone that are filled with dolomitic mud
from the overlying cycle. In the Fourth Range, black shale infiltrated into partially cemented
oolitic grainstone along early-developed fractures. if Mamet's biostratigraphic correlations are
correct, it is possible that additional exposure surfaces exist in each study area but were not

recognize (Fig. 14). Alternatively, if the exposure surfaces correlate between the sections, then
biostratigraphic correlation may need revision.
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Regional Stratigraphic Framework

Petrographic analyses have been completed on a suite of more than 1000 samples from
three stratigraphic sections and provide a detailed understanding of the anatomy of down-dip
profile of the Lisburne carbonate platform. Paul Gruzlovic (in prep.) is nearing completion of this
master’s thesis that will provide a detailed analysis of the cyclicity evident in these rocks and
illustrates how lateral facies changes affect the nature of shallowing-upward cycles.

Field studies on regional geology of the Lisburne Group in 1990 focused on:

1. determining the nature of the stratigraphy of the type section of the Wahoo Limestone
and lateral facies changes between the type locality and the cyclical Wahoo farther to
the northeast (Fig 3; localities 24 & 25);

2. determining the difference between parautochthonous (relatively less deformed) and

allochthonous (thrust-faulted and tectonically transported) rocks of the Lisburne Group
- near the Trans-Alaska Pipeline (Fig. 1);

3. examining the type localities of the Wachsmuth and Alapah Formations (the lower parts

of the Lisburne Group) at Shainin Lake (Fig. 1) to determine their stratigraphy and
depositional history.

The general field relationships of these areas together with ongoing petrographic,
biostratigraphic, and diagenetic studies will yield valuable information on lithofacies, biofacies,
and ages which are critical to understanding the regional stratigraphic framework. In addition
to refining our knowledge of stratigraphic relationships and constraining paleogeographic
models, the results will also contribute to regional structural syntheses.

Down-dip Profile of the Lisburne Carbonate Platform

A north-south series of stratigraphic sections, representing cross-section across the
south-dipping carbonate ramp upon which the Wahoo Limestone formed, have been analyzed
to determine the nature of lateral facies changes (Fig. 15; Gruzlovic, in prep.). The cyclic
stratigraphy characterizing these rocks provides a means of detailed correlation that is more
precise than allowed by biostratigraphy alone. These correlations indicate lateral facies
changes from shallower water paleoenvironments in the north and deeper water areas in the
south. Overall, the upper Wahoo Limestone is transgressive then regressive, with the deepest
water facies in the middle part. Smaller-scale parasequences (shallowing-upward cycles) are
superimposed on these overall trends. Thus, we are able to illustrate differences in the nature
of shallowing-upward cycles that formed in shallow versus deeper marine conditions. For
example, parasequences in the lowest part of the upper Wahoo show significant lateral facies
changes with ooid shoal deposits in the south and open and restricted platform (lagoonal)
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Figure 16 a) Typical shallowing-upward cycle in the lower part of te Waho
Formation at Plunge Creek (see Fig. 15; from Gruzlovic, in review).
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deposits to the north (Fig. 16). In the middle part of the upper Wahoo, southern deeper-water
areas have well-developed calcareous shales in the lower part of the cycles that represent
incipient platform drowning events in which carbonate production rates were low. In the upper
part of the upper Wahoo, Donezella algae occurs in oolitic-skeletal cycles in the north, but is
lacking in correlative deeper-water cycles to the south. Facies associations within parasequences
of the upper Wahoo have allowed Gruzlovic (in prep.) to develop detailed facies models (Fig.
17). '

Basinward Facies Changes Near Wahoo Lake

Previous studies indicate that the upper 50 meters of the Wahoo Limestone atthe Wahoo
Lake type-locality are mostly argillaceous spiculitic limestones that formed in a basinal
environment (location 13 on Fig. 3; Watts et al., 1989). Thus, significant facies changes exist
between this area and shallow-marine limestones in other localities studied farther to the
northeast. The goal of our 1990 studies was to examine the nature of the facies changes and
determine whether the platform-to-basin transition represents continued southward deepening

on a homoclinal carbonate ramp or a more abrupt distally steepened carbonate ramp (cf. Read,
1984).

Deep-water limestone and argillaceous shale in the uppermost Wahoo, such as
previously documented at the type locality (section 13 on Fig. 3; Watts et al., 1989), were not
recognized farther to the north (sections 24 and 25 on Fig. 3). On the south flank of the Echooka
anticline (section 24 on Fig. 3), the upper part of the Wahoo consists primarily of bryozoan-
pelmatozoan wackestone that apparently formed below wave-base on a southward-facing
carbonate ramp. The deeper marine, basinal limestones seem to be restricted to an outcrop belt
along the south flank of a major anticlinal structure at the type locality and presumably also
occurs in areas farther to the south. If the rocks in the study areas are the same age
(biostratigraphic studies in progress) and correlative rocks have not been lost due to erosion
along the unconformity at the top of the Lisburne, the lack of slope breccias suggests that the
Wahoo platform was a southward sloping ramp.

Several partial stratigraphic sections of the Lisburne Group were measured and
sampled near the type section of the Wahoo Limestone. Much of the Wahoo Limestone is
- composed of massive, cliff-forming, fossiliferous, crinoidal limestone. Unfortunately, structural
deformation caused these limestones to be highly strained and somewhat sheared, obscuring
the original lithologies. However, bedded limestone and dolomite in the underlying Alapah
Formation were deformed by smaller-scale folding, lack penetrative shearing, and have well-
preserved primary and secondary fabrics. Of particular interest, collapse breccias, cave
sediments, and speleothem cements near the top of the Alapah Formation may correlate with
possible exposure surfaces recognized in diagenetic studies in the Sadlerochit and Shublik
Mountains and Fourth Range (see above; localities 8, 10 & 11 on Fig. 3).
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Parautochthonous Versus Allochthonous Lisburne

The boundary between parautochthonous rocks of the northeastern Brooks Range in
northern ANWR and allochthonous rocks farther to the south extends eastward from the
northern margin of the central Brooks Range toward Canada (Mull et al., 1987b). Stratigraphic
relationships across this structural boundary may help to constrain estimates of tectonic

transport and are critical to constructing regional paleogeographic reconstructions for the
Lisburne Group.

Working in conjunction with U.S. Geological Survey geologists involved in studies aiong
the Trans-Alaska Pipeline, several stratigraphic sections of the Lisburne Group were measured
in the northernmost exposures of the Endicott Allochthon. The Lisburne Groupis extremely thick
(perhaps 2500 meters or more) but gradational boundaries between different rock types makes
subdivision into thinner mappable stratigraphic units difficult. A five-meter-thick interval of
orange-weathering limestone in the middle of the underlying Kayak Shale is a distinct marker
thatis usefulin mapping studies and for stratigraphic correlation. The lower part of the Lisburne
Group consists of dark-colored, ledge- and slope-forming limestone and dolostone and may
representthe Alapah Limestone. The upper part of the Lisburne Group consists of light-colored,
cliff-forming, crinoidal limestone that may correlate with the Wahoo Limestone. The boundary
between these two major units is gradational and poorly defined. Between these two units, a
several hundred meter thick transitional interval alternates between the light and dark litholo-
gies. Numerous conodont samples were collected from the uppermost Lisburne Group to
determine whether these fossiliferous limestones are Mississippian or Pennsylvanian in age.
Unfortunately, reconnaissance flights east and northeast of the Trans-Alaska Pipeline were
unable to locate an intact, accessible, and well-exposed section of the southernmost
parautochthonous Lisburne Group. However, the stratigraphy of the Lisburne Group can be
compared with our detailed studies of parautochthonous rocks in northeastern ANWR.

Type Sections of the Alapah and Wachsmuth Formations

The Alapah and Wachsmuth Formations (the lower part of the Lisburne Group) were
originally described near Shainin Lake (Bowsher and Dutro, 1962) in what has become
recognized as part of the Endicott Mountains allochthon (Figure 1; Mull et. al, 1987b). These
formation names were then extended to parautochthonous rocks of the northeastern Brooks
Range (Brosge' et al., 1962; Armstrong, 1972; Mamet and Armstrong, 1972; Armstrong and
Mamet, 1975, 1977; Wood and Armstrong, 1975). The present distance between the Shainin
Lake section and the nearest measured section of parautochthonous rocks in the northeastern
Brooks Range is 115 km (71 miles) to the northeast (Wahoo Lake section, locality 13 on Fig. 3).
At least, an additional 88 km (55 miles) of separation is required to account for the northward
tectonic transport of the Endicott Mountains allochthon (Mull et al., 1987a). To determine
whether this stratigraphic nomenclature was overextended and whether rocks in these widely
separated areas are truly correlative, we measured and sampled the type sections of the Alapah
and Wachsmuth Formations and will compare the results with our work on supposedly
correlative rocks in ANWR.
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Interestingly, the Wachsmuth Limestone has several intervals of massive, coarse-
crystalline dolostone with considerable intercrystalline, moldic and vuggy porosity which contain
possible bitumen. Many of the molds are after crinoid ossicles, suggesting that these calcitic
grains were later dissolved from the dolomite matrix. These thick-bedded, light-colored
dolostones have relict textures suggestive of pelmatozoan packstone/grainstone and occur in
several thick intervals that cyclically alternate with dark-colored, argillaceous, fine-grained
limestone and dolomite with chert nodules.

Numerous corals occur in the lower part of the Alapah Limestone. Snowstorms and low
visibility in late July 1990 interfered with measuring the Alapah section. This work will be
completed during the 1991 field season. . ‘

Future Research Plans

Work on the computerized database will continue with additional data input, program-
ming, and analysis. Programming will focus on developing database systems for biostratigraphy
of foraminifera and algae, for information derived from detailed studies of diagenisis, and for
stratigraphic and locality information. Existing thin sections lacking detailed petrographic
descriptions will be analyzed using our standardized format and added to the database system.
These data will then be analyzed using a number of different statistical techniques.

Conodont samples collected during the 1990 field season are being processed and
analyzed and will yield valuable biostratigraphic information. Following petrographic analyses,

thin sections will be given to Dr. Mamet who will complete biostratigraphic analyses of
foraminifera and algae.

Detailed studies of diagenesis will continue, focusing on samples collected during the
1990 field season and existing suites of thin sections previously collected in the study areas.

Regional studies will continue, completing analyses of samples collected during the
1990 season, examining the nature of southward facies changes in the Lisburne Group and the
relationship between stratigraphy and structural geology. In future years, similar work will be
conducted in the eastern part of ANWR toward the Canadian border.

In late 1991 and 1992, our analyses of the Lisburne Group will extend westward to the

Lisburne field and test our ability to use cyclicity as a means of correlation and for relating
lithologic changes to reservoir characteristics.
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Summary

Our integrated geological studies are providing a detailed understanding of the deposi-
tional and diagenetic history of the Lisburne Group that will serve as an excellent mode! for
reservoir heterogeneities resulting from carbonate shallowing-upward cycles. Detailed petro-
graphic analyses are allowing us to develop a graphic understanding of the origin and nature of
a variety of shallowing-upward cycles. These detailed analyses, together with regional
framework studies, will provide a better understanding of the paleogeography and history of sea-
level fluctuations. Analyses of conodonts are yielding a variety of biostratigraphic information,
including biofacies interpretations tied to petrographic analyses, and color alteration indices
(thermal history indicator). Diagenetic studies have provided information on cement stratigra-
phy and have located a number of subaerial exposure surfaces that can be used for stratigraphic
correlation and in constructing sea level curves. Together, this spectrum of analyses will allow
us to develop a precise correlation scheme to elucidate factors influencing and defining reservoir
heterogeneities resulting from shallowing-upward cycles that typify carbonate rocks.
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Appendix 1

Petrographic data from the Wahoo database

Table summarizes some of the information contained in the Wahoo database. The
sample number is in two parts: the first AK-#-M part is the University of Alaska Museum number
and refers to stratigraphic section (see Fig. 3 and Table 2 for locations); the second part of the
number is in meters above the base of the section. A key to the symbols used under grain types
is given below and correspond to the symbols used in stratigraphic sections (Figs. 6&7). The
carbonate lithology column provides textural information using Dunham'’s (1962) classification.
Paleoenvironmental interpretations are based on grain types and lithology together with the
position within parasequence and relationship to adjacent lithologies.

Key for Location of Measured Sections

Central Shublik Mountains

Section AK-10-M, uppermost lower Wahoo Limestone and upper Wahoo Limestone
Section AK-11-M, Alapah Formation
Section AK-12-M, lower Wahoo Limestone and lowermost upper Wahoo Limestone

Fourth Range

Section AK-13-M, Alapah Formation, lower Wahoo Limestone, and lowermost upper
Wahoo Limestone
Section AK-14-M, upper Wahoo Limestone

Plunge Creek

Section AK-15-M, lower Wahoo Limestone and upper Wahoo Limestone
Section AK-16-M, upper Alapah Formation

SKELETAL GRAINS NON - SKELETAL GRAINS
¥ - Pelmatozoan ® - Ooid

7 - Bryozoan (undifterentiated) © - Superficial Ooid

@ - Bryozoan (fenestrate) e - Peloid

W - Brachiopod 3X - intraclast

& - Bivalve ® - Grapestone

& - Gastropod Detrital Quartz

& - Foraminifera atz - Silt-sized

B - Trilobite Qtz- Sand-sized

@ - Ostracod gQtz-  Silty - Sandy Quartz
0O\ - Sponge with Silt Dominant
A - Sponge Spicules ‘

€¥3- Colonial Coral

€ - Solitary Coral

€y- Coral (undifierentiated)

=s - Algae (undifferentiated)

A - Asphaltina sp.

& - Donezella sp.

@ - Caicisphaera sp.

& - Ammonite

d - Bioclast (undifferentiated)
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Sample Number

Grains > 10%

Grains < 10%

42

Carb Lithology | Paleoenvironment
AK10MO rx VEABX Packstone open platform
AK10MO0.5 r* AVEB S Packstone open platform
.AK10M1 ¥ S~RANY Grainstone open platform
AK10M1.5 &7 %x VRO Packstone restricted platform
AK10M2 rx O~ ERHBASD Grainstone open platform
AK10M2.5 Y K ORABA Packstone, restricted platform

Wackeston
AKIOM3 Y ek ADITQ  Packstone restricted platform
AK10M3.5 YXke A7 AR  Packstone restricted platform
AK10M4 et db ¢ V&7 XAS Packstone open platform
AK10M4.5 Sr%k AN~/ T & Packstone restricted platform
AK10M5 & ¥ V&Y 7 B Wackestone  irestricted platform
AK10M6 Y& K x Wackestone  irestricted platform
AK10M6.5 yx V&ABT S Packstone open platform
AK10M7 ¥ ¥x ~ &\ B\ Packstone open platform
AK10M7.5 A ¥ O~y A B Wackestone  irestricted platform
AK10M8 b g ~O Packstone, restricted platform

Wackeston
AK10M8.5 V-7 ¢ 7\ Wackestone  irestricted platform
AK10M9 yEERC e~ ERA Packstone restricted platform
AK10M9.5 *¥Yeyq O™~ Q4 B Packstone, restricted platform

Wackeston
AK10M10 K Xe V™~BA T O/ Grainstone open platform
AK10M11 L IE V™~GARBT ED Grainstone open platform
AK10M11.5 t ol A ¢ &SEVRL Boundstone open platform
AK10M12 *¥re(d Y BA Packstone restricted platform
“AK10M12.5 O ¥ * 7 AXRS Packstone open platform
'AK10M13 Y e¥k O™~&Q 7 A Packstone restricted platform
- AK10M13.5 *¥e(qd V& AS Packstone restricted platform
AK10M14 Ky e( VA O/ Packstone restricted platform
: AK10M14.5 *ye( W& AR Packstone restricted platform
%AKIOMIS 7 KA OEHF KBS Packstone open platform
. AK10M15.5 ¥ OUAK HERT& Packstone open platform
EAK10M15.75 V' SEA Packstone, restricted platform
; _ Wackeston
AK10M16 Yo J VASESLEKBT O Packstone restricted platform
| AK10M16.5 *re(d ~Q S B/A Packstone restricted platform
AK10M17 O¥%* V&S R Packstone open platform
| AK10M17.5 Fre( WAL &~ Packstone restricted platform
| AKI0M18 *¥e( V&4 Packstone restricted platform
AK10M18.5 b 9X¢ V™~ B 7 S0 Packstone, lagoonal

i Wackeston



Sample Number | Grains > 10% Grains < 10% "ICarb Lithology | Palecenvironment
AK10M19 vy 7 *k restricted platform
AK10M19.5 b - ¢ &Y R Packstone, open platform
: Wackeston
AK10M20 v K R Wackestone  irestricted platform
| AK10M20.5 7 x VA7 Packstone open platform
AK10M21 b ¢ V&7 S Packstone open platform
AK10M21.5 xR V- Packstone, restricted platform
Wackeston
AK10M22 e ¢ A A Wackestone restricted platform
AK10M22.5 Y& ¥k SOA Wackestone  irestricted platform
AK10M23 -4 "2 vy Wackestone deep
AK10M23.5 Y& x restricted platform
AK10M24 &Y RHY Mudstone restricted platform
AK10M24.5 ¥ ~O B Packstone open platform
AK10M25 xR e Wackestone restricted platform
AK10M25.5 yx O™~ 4 o AB Packstone open platform
AK10M26 b 44 V&S QRO Packstone, open platform
: Wackeston
AK10M26.5 g ¢ SO~ 7 XPBE DA, iPackstone restricted platform
AK10M27 r Mudstone restricted platform
AK10M27.5 x restricted platform
AK10M28 Mudstone restricted platform
AK10M?28.5 K7 ok SO A Packstone, restricted platform
_ Wackeston
AK10M29 r restricted platform
AK10M29.5 Y X%k AT 0R0 Grainstone lagoonal
AK10M30 r* ~QSVEKBA Packstone open platform
AK10M30.5 Y &Kk V~ER7Q Packstone open platform
AK10M31 ¥k Packstone open platform
AK10M31.5 © Y xkEO&/ Grainstone shoal
AK10M32 © KY KO~ Grainstone shoal
AK10M32.5 © YUK EKOA Grainstone shoal
AK10M33 ®© Y &AXOS Grainstone shoal
AK10M33.5 Y HOK MRS OA Grainstone open platform
AK10M34 *¥ed O&OLH Packstone open platform
AK10M34.5 tay-4O) PR S T RAD Packstone open platform
AK10M35 el ¢ VR E3OAA Packstone open platform
AK10M35.5 7k PR E DA KB | Packstone open platform
AK10M36 b f-1O ) ¢ PSAXKSE DR Packstone open platform
AK10M36.5 g 924 ~OE AN Packstone open platform
AK10M37 rY&ek AN 7 Q=< Grainstone open platform
| AK10M37.5 &Y ek SO 7 ~A, | Packstone restricted platform
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Sample Number

Grains > 10%

Grains < 10%

44

Carb Lithology | Paleoenvironment
AK10M38 Y& ¥k V™~ AB T O Packstone open platform
AK10M38.5 - d4 AV e AQ Packstone restricted platform
AK10M39 WY % A~BD 7 B Packstone restricted platform
AK10M39.5 b ¢ ~MYEBAXKB (R Packstone, restricted platform
: Mudstone

AK10M40 *riXe &~/ S A Packstone open platform
AK10M40.5 KO VSOK e Grainstone shoal
AK10M41 ke VOEACD Grainstone shoal
AK10M41.5 YXke V=R REOSED Grainstone shoal

1 AK10M42 o g ¢ V&E 7 XKe ® Grainstone shoal
AK10M42.5 ~Y K VR&OXe & Grainstone shoal

-1 AK10M43 ¥ RS~ e Y i Packstone open platform

AK10M43.5 e V&7 XOSA Grainstone shoal

| AK10M44 e adl B ¢ I OVRKOXKOSA Grainstone shoal

| AK10M44.5 ¥ W& 8 AT Packstone, open platform

Wackeston

AK10M45.5 b ¢ AT &~ Packstone open platform
AK10M46 ¥k O~ ALK Packstone open platform
AK10M46.5 g ¢ ~O 8 &7 AL Packstone open platform
AK10M47 0¥ F&e AQD Packstone open platform
AK10M47.5 ¥ *x V&I e S~BA Grainstone open platform
AK10M48 g ¢ ~MQ AN Grainstone open platform
AK10M48.5 v x O& e A Grainstone open platform
AK10M49 7 *x U& Wackestone | open marine
AK10M49.5 t g ¢ AL EB T Grainstone open marine
AK10M50 ¥ rO% WO&EB/A Grainstone shoal
AK10M50.5 ¥ ¥ L Packstone open marine
AK10MS51 g - ¢ Q& RBRA Grainstone open marine
AK10M51.5 7 x R SEVIKAR Grainstone open marine
AK10M52 g ¢ V&EBAT Grainstone open marine
AK10M53 o O ¥ XO%* Grainstone shoal
AK10M53.5 © O™~ Y KO Grainstone shoal
AK10M54 © O~& Y XO% Grainstone shoal
AK10M54.5 v ¥ V&H 7 EA Packstone open platform
AK10MS55 F P XO &0 8 AN Grainstone open platform
AK10MS55.5 k0O ~SVEBA Packstone open platform
AK10M56 %0 ~UERJADXKT A  Grainstone open platform
AK10M56.5 ~EY OK &0 B\ Grainstone open platform
AK10M57 ~EY Ok & X Grainstone open platform
AK10M57.5 ¥ * WREOSE~A ¢ Grainstone open platform
AK10M58 Ok Mudstone open marine



Sample Number {Grains > 10% Grains < 10% Carb Lithology i Paleoenvironment
AK10M59 V- ¢ & RA Packstone, open marine
Wackeston

AK10M59.5 tdad B¢ F OUHOOXKOA Grainstone open marine
AK10M61 (510 WY &~ e XK SEA. Grainstone shoal
AK10M61.5 (=10 WY &~ e X0 Grainstone shoal
AK10M62 06 t - 9XE N1 Grainstone shoal
AK10M62.5 0]S 7 ~¥ Grainstone shoal
AK10M63 06 tdadI¢ Grainstone shoal
AK10M63.5 *¥Y e O Y~“EROE0 Grainstone shoal
AK10M64 *¥YeO ~EY T EXOSDA. Grainstone shoal
AK10M64.5 *¥Y O MBS OVEOA Grainstone shoal
AK10Mé65 * ¥ RO ~30 e 0L Grainstone  shoal
AK10M&65.5 X \V7- ‘4 Wackestone  {open marine
AK10M67 YO0 & S~ 3Kk Grainstone shoal
AK10M67.5 O¥*x ST R DXy Grainstone shoal
AK10Mé68 %0 MG SAXD 7 Grainstone open platform
AK10M69 O] Ao ¢ 4 Grainstone shoal
AK10M695 @ YRKES Grainstone  |shoal

'AK10M70.5 g O] ~MOHOKE B Packstone open platform

- AK10M71 Y HK Wackestone | open marine

'AK10M71.5 rx AVEXO/ Grainstone open marine

: AK10M72 V-4 ALV Packstone open marine

. AK10M72.5 r Mudstone open marine
AK10M73.5 #H* 0¥ A Packstone open marine

| AK10M74 Y7 ¥ VESBA Packstone open marine

| AK10M74.5 b ¢ NDXE Y Grainstone open marine

 AK10M75 ©0e ~Y KA Grainstone  |shoal
AK10M75.5 t dad X4 4 V&R 7 Grainstone open platform

| AK10M76 tdan - 9X(O] &EY¢ Grainstone open platform

| AK10M76.5 Y~4aX0O0 |[O&ARY Grainstone open platform

. AK10M77 YA RO |48V Grainstone  ;open platform

| AK10M77.5 Y O~KQGEA T Grainstone shoal
AK10M78 h - ¢ A0~ SEBA.O Grainstone open marine
AK10M78.5 X HAAB Grainstone open marine
AK10M79 ¥k SO LB/ A, Grainstone open marine

 AK10M79.5 bl WREXKA 7~ Grainstone open marine
AK10M80 g ¢ AVSRE™R\ ¢ 47 |Grainstone open marine

| AK10M80.5 th 40 ~& VKA B Grainstone shoal

| AK10M81 g {0’ SHOYRBS 7 A [Packstone open platform
AK10M81.5 ¥ & HYRBA Grainstone open marine

AK10M82 ¥ ¥ V& BA Grainstone open marine
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Annual Report 1989-1990

l Sample Number {Grains > 10% Grains < 10% Carb Lithology | Paleoenvironment
AK10M82.5 rx VAEH Grainstone open marine
AK10M83 et ab - ¢ JAY&K e B Grainstone open marine

i AK10M83.5 ¥~O% EYEKOB/A Grainstone shoal
AK10M84 ¥ ™~O% &Y SKOBA Grainstone shoal
AK10M84.5 *Y OO ~& S/ 7 Grainstone shoal
AK10M85 g VK S B~ Grainstone open platform
AK10M85.5 & W~ AK BT Grainstone open platform
AK10M86 tdag ' 9X¢O] &KEY e B Packstone open platform
AK10M86.5 O2S Y8 SIKY 7 Grainstone shoal
AK10M87 o0 1O ERY KM Grainstone shoal
AK10M87.5 % & B ~ iGrainstone open marine
AK10M88 e ¢ WA A Grainstone open marine
AK10M88.3 Y%k &™~Z3 e 7 OMA. iGrainstone, open marine

Packston
AK10M88.5 x Mudstone open marine
AK10M89 7OR% A B\ Wackestone  |open marine
AK10M89.5 e &R Grainstone open marine
AK10M90 . bl ¢ N7 Grainstone, open marine
iPackston

AK10M90.5 7y & 2= )Xot - V-4 Grainstone open marine
AK10M91 Y& * VAR Packstone open marine
AK10M91.5 v U&/A Packstone open marine
AK10M92 K WE & BXK Grainstone open marine
AK10M92.5 b WV BBEA Grainstone open marine
AK10M93 b - ¢ SUVAE B Grainstone open marine
AK10M93.5 YK VEBBA Grainstone open marine
AK10M94 b ¢ O& 844 AKB Grainstone open marine
AK10M9%4.5 aid b ¢ V&K e SO/ Grainstone open marine
AK10M95 OeX Y~&Oo%80 Grainstone shoal
AK10M95.5 g g JO 7 HOXKRVY Packstone open platform
AK10M96 *re ~QSEHDO T B Packstone open platform
AK10M96.5 0)X¢ &Y ek Grainstone shoal
AK10M97 0)X4 Y& ey Grainstone shoal
AK10M97.5 OeX ~MBY 74 Grainstone shoal
AK10M98 0)X{ rYo&exm Grainstone shoal
AK10M98.5 o X ~Y O Grainstone shoal
AK10M99 Y x O &XEH Grainstone open marine
AK10M99.35 rx V&7 R Packstone open marine
AK10M99.5 'l 20 ¢ VAL Packstone open marine
AK10M100 ¥x VEKSAL Grainstone open marine
AK10M100.51 b gy O W BX™A, Packstone open marine
AK10M100.52 Y40 ~ OB Packstone open marine
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Sample Number

Grains < 10%

Paleoenvironment

Grains > 10% Carb Lithology |
AK10M101 yx VT AR Grainstone open marine
AK10M101.5 ¥ V&7 ™A, Grainstone, open marine
Packston
AK10M102 Yk V&A Grainstone, open marine
Packston
AK10M102.5 tdadO) ¢ V& EXBA Grainstone shoal
AK10M103 e 9X{O] &S AN Grainstone shoal
AK10M103.5 tdan 910} &SV ALB Grainstone shoal
AK10M104 K Y EO ~E AN B Grainstone shoal .
AK10M104.5 ¥k U&SEBA Grainstone open platform
AK10M105 v & S0P Packstone open platform
AK10M105.5 rx AV e XEDA  |Grainstone, open platform
Packston
AK10M106 © Y &000% Grainstone shoal
AK10M106.5 OX Y &O%x Grainstone shoal
AK10M107 O] oXr~y Grainstone shoal
AK10M107.5 g ¢ & Packstone open marine
AK10M107.9 Y VT SA Grainstone open marine
AK10M108.5 Y *x SHUX S Grainstone open marine
AK10M109 2. ¢ 401 ~Q N Grainstone shoal
AK10M109.5 Y~ox V& SAXOA Grainstone shoal
AK10M110 V40 ~Y SR H QWA Bafflestone  |open platform
AK10M110.5 © O~ Y RX¥K Grainstone shoal
AK10M111 © * VYRS Grainstone shoal
AK10M111.5 Y * HSXKBA Grainstone, open platform
Packston
AK10M112 b ¢ & SO XA Grainstone open platform
AK10M112.5 * 70O ~SE KTV Grainstone shoal
AK10M113 t dad X6 ¢ RBHESO e F7 A Grainstone open platform
AK10M113.5 g 9X¢ &~EOLFYB 7 A, Grainstone open platform
AK10M114 © oxs Grainstone shoal
AK10M114.5 &k O™~& B Grainstone open marine
AK10M115 ¥ x & 8347 P Packstone open marine
AKIOM1155 (¥ 40O S~EREF BA Grainstone  |shoal
AK10M115.7 V4 K HD T ~AY Bafflestone open platform
AK10M116 V-4 by & X\ N Bafflestone open platform
AK10M116.5 & * e ™3/ Grainstone open platform
AK10M117 & K™D e KO/ Bafflestone  {open platform
AK10M117.5 &4 7~k ed Boundstone open platform
AK10M118 © OX&¥ X Grainstone shoal
AK10M118.5 ¥ *x AY&REOD Grainstone open platform
AK10M119 ~2H IO EVELID Grainstone shoal

47



Sampl umr T

Gr > 10 '

Grains< 0 - —

Carb Lithology : Palecenvironment
AK10M119.5 &F0 WY 8~k OX 7 ® iGrainstone open platform
AK10M120 © k¥ OLH SV Grainstone shoal
JAK10M120.5 i - ¢ OV SARED Grainstone, open platform
Packston
AK10M121 YK A YSEBEAE ¢ ™ {Grainstone open platform
AK10M121.5 V-4 %™~ E OO/ ¢\ Bafflestone open platform
AK10M122 O S)X¢ b ¥4 Grainstone shoal
| AK10M122.5 g ¢ SVOSEBRAL Grainstone open platform
| AK10M123 v x SOARSQFH Grainstone open platform
AK10M123.5 o R Y KOG B Grainstone shoal
AK10M124 &4 ~YAXEOO/R T Bafflestone open platform
AK10M124.5 &4 radc Y e XOWM ¢ iGrainstone open platform
AK10M125 © o8& Grainstone shoal
| AKIOM125.5 © | Ok Grainstone shoal
| AK10M126 O] 1S2.9X4 Grainstone shoal
AK10M126.5 Yk AOXEHB Grainstone, open marine
Packston
| AK10M127 0] * Y ~ORLIH Grainstone  ishoal
AK10M127.5 KRG OV e ©*“® M ¢ ;Grainstone open platform
AK10M128 Yk 7 AN S e X & ™ P\ Packstone open platform
AK10M128.5
AK11MO intertidal
AK11MO0.5 r intertidal
{ AK11M4.5 i Re Q iPackstone lagoonal
AK11M5.7 ke &™~Q 7 47 Packstone lagoonal
AK11M6.5 iR Y1 & Packstone lagoonal
AK11IM10 intertidal
AK11M405 *re( &D Grainstone, lagoonal
Packston
AK11M4656 e 7 XA Packstone lagoonal
AK11M50 *7 R &7 Packstone lagoonal
AK11M55.7 Y¥ke 7 O&XA Grainstone shoal
AK11M60 4 *O& Wackestone  ilagoonal
AK11M67.5 ke H7TOOA Grainstone shoal
AK11M71.5 Ak A - Wackestone  ilagoonal
AK11M90 k7O NA&--101°N Grainstone shoal
AK11M97 7R * 8 SV Wackestone  ilagoonal
AK11M104 Y¥keo N0 Grainstone  |shoal
AK11M110 ke O~ 7 © Grainstone shoal
AK11M115 *¥ed &7 Packstone lagoonal
AK11M1215 ¥ ed &P Grainstone lagoonal
AK11M121.52 7o &Q Grainstone lagoonal
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Sample Number {Grains > 10% Grains < 10% Carb Lithology | Paleoenvironment
AK11M125 %O ~0 O/ Grainstone shoal
AK11M131 %0 V™~ ¢ OO Grainstone shoal
iAK11M134 *¥Y 00O &Y Grainstone shoal
AK11M141 g ¢ O 7 Packstone lagoonal
AK11M145 Y eg & Packstone lagoonal
AK11M145.02
AK11M150 *¥Y ey ~AW Packstone lagoonal
AK11M157 *regd ~ 0 0B Packstone lagoonal
AK11M160.5 XY ey VXD Packstone lagoonal
AK11M163 intertidal
AK11M166 ke I OU&XDB Grainstone shoal
AK11M170 rx pX¢ Grainstone shoal
AK11M180 Yk Wackestone lagoonal
AK11M180.02 b g Wackestone  ilagoonal
AK11M185 Vike V& ¢ Packstone lagoonal
AK11M190 *¥YeO 7 &AW Grainstone, shoal
Packston
AK11M195 o7 *x ~MO&D/ Packstone lagoonal
AK11M200 O~ e Xy |A Packstone, lagoonal
Bafflesto
AK11M205 o Y-A2X¢ 24V 4 ;) Packstone open platform
AK11M210 rx &7 B\ Grainstone, open platform
Packston
AK11M216 *VeO &7 Grainstone shoal
AK11M216.02
AK11M220.5 Yie ~OOED Grainstone shoal
AK11M223 * & Wackestone  }open platform
AK11M229 th- ¢ & Packstone open platform
AK11M234.5 Y *x /B &~ Packstone open platform
AK11M241 YK 7R Packstone open platform
AK11M247.5 YAk &Y Packstone, open platform
Wackeston
AK11M250 e ¢ V- M Packstone open platform
AK11M254.4 ¥ * A Packstone open platform
AK11M261 ¥ ¥ O=~A 7 &P Grainstone open platform
AK11M264 b ¢ ORI e~Q Grainstone open platform
AK11M270 ¥ ¥ VEHA AR Packstone open platform
AK11M274.5 gy 9 X4 W Grainstone open platform
AK11M279.5 7HER Packstone, open platform
Wackeston
AK11M285 *¥ ASKI & Grainstone open platform
AK11M290 K 44 Grainstone, open platform
Packston




pl umbe

Grains > 10%

Grains < 10%

Carb Lithology | Paleoenvironment
AK11M297 g ¢ V&7 ed Packstone open platform
AK11M312 * ¥ VAT S/ Packstone open platform
AK11M315.5 2 b ¢ AT B Packstone open platform -
AK11M320 *e eBR Packstone restricted platform
AK11M325.5 *¥e( & Packstone restricted platform
AK11M335 x restricted platform
AK11M345.5 r restricted platform
AK11M351 "y restricted platform
AK11M374.5 r Wackestone restricted platform
AK11M375 r Packstone restricted platform
AK11M380 x Mudstone restricted platform
AK11M383 r * Wackestone  restricted platform
AK11M389 &V %k WAE ¢ Grainstone open platform
AK12M3 x restricted platform
AK12M4.5 ~ESKkY O& 7 KRB Grainstone open platform
AK12M6 o Sh ARXKT & Grainstone shoal
AK12M8.5 *¥eO VAME G OXB ¢ B Grainstone shoal
AK12M12 V& ~0 S8 HBILAR Grainstone, open marine
Packston
AK12M14 Y% A&S /XK Grainstone open marine
AK12M16 7 x ALY Grainstone open marine
AK12M20 % &~ AKB Grainstone open marine
AK12M22 Y K &SR Packstone open marine
AK12M24 v K W& Wackestone  |open marine
AK12M26 Y ¥ U&7 X/ Wackestone  :open marine
AK12M28 ¥ ¥ &SEVAL Packstone open marine
AK12M30 ¢ WAL Packstone open marine
AK12M32 . VA EXKT Grainstone open marine
AK12M33 YA ¥ &\ Packstone open marine
AK12M36 Y AKX 7 0D/ Packstone open marine
AK12M38 *&EY & A~ Grainstone open marine
AK12M40 g {O] AR 83 e OB Grainstone shoal
AK12M42 © ~MRE Y ORBRK Grainstone shoal
AK12M44 ¥k W& BA Grainstone, open marine
Packston
AK12M46 'l ¢ O& Packstone open marine
AK12M50 Y R¥* &OUA Packstone, open marine
; Wackeston
AK12M54 Y R¥* Oi& Packstone, open marine
- Wackeston
AK12M56 Y ¥ YASES Grainstone, open marine
Packston
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Sample Grains > 10% | Grains < 10% Carb Lithology ; Paleoenvironment
AK12M58 * ¥ SEAS Grainstone open marine
AK12M60 *¥ VEALH Grainstone open marine
AK12M62 V- ¢ S ¥ A~ Grainstone open marine
AK12Mé64 S * APRT7 Grainstone open marine
AK12M66 - ¢ AE 7 B Grainstone open marine
AK12Mé68 © Y~ %ie ©O8 Grainstone shoal
AK12M69 0¥ % & B Packstone open platform
AK12M70 ke V& 7 Q~B Packstone restricted platform
.AK12M72 ¥ *x ~MOOVEAS Grainstone open platform
| AK12M74 SVr¥k ~ 0 BA Packstone open platform
| AK12M76 e & &0 AB Grainstone open platform
| AK12M77 Db ¢ H BEART D Packstone open platform
;AK12M77.5 Y ek AT &Y Packstone restricted platform
| AK12M79 *7eq ~ S0 BA Packstone restricted platform
‘ AK12M81 YK W7 Packstone, open platform
Wackeston
‘AK12M83 K ek &7 BHOA Packstone restricted platform
| AK13M0 Re ~O%kD 7 Packstone lagoonal
AK13M3 KRG e Packstone, lagoonal
- Boundston

AKI13M5 *Ke t " X A< <V 4 Packstone lagoonal
AK13M12 ~& 7 HK Re Boundstone lagoonal

i AK13M14.5 r~& e Y 7R Boundstone lagoonal
AK13M16.5 Ay Mudstone lagoonal
AK13M19 7R Mudstone lagoonal
: AK13M21.5 ~% e ¥ A=Y Boundstone lagoonal
| AK13M22.5 ~ o *&Q 7 Boundstone  ilagoonal
AK13M26 xR\ lagoonal
AK13M40.01 Re lagoonal
AK13M40.02 r intertidal
AK13M41.1 o W &7 Packstone lagoonal
AK13M41.38 R e &7 Packstone lagoonal
AK13M42.1 x _ intertidal
AK13M42.75 Boundstone intertidal
AK13M435 R lagoonal
AK13M45 intertidal
AK13M46.4 Boundstone intertidal
AK13M46.6 Pl Mudstone intertidal
AK13M50.5 LatawX€4 &0 ¥ Boundstone lagoonal
AK13M59.5 - b= XA Packstone lagoonal
AK13M62.5 intertidal
AK13M65 Yxe &7 Grainstone shoal
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Sample Number

Grains > 10%

Grains < 10%

Carb Lithology i Paleoenvironment
AK13M70.5 rxk O 7 e Packstone lagoonal
AK13M77.5 Boundstone intertidal
AK13M84 intertidal
AK13M89 ke Packstone lagoonal
AK13M92 . ¢ K JO) 7 &HEOA Grainstone shoal
AK13M97.5 YYe &X Grainstone lagoonal
AK13M102 YHke &/ D Grainstone shoal
AK13M107 ke W&IKE Grainstone shoal
AK13M111 v lagoonal
AK13M116 b ¢ N7 Grainstone, lagoonal

Packston
AK13M121 b - 9X¢ Ve S0 Grainstone shoal

1 AK13M124 V4 ¢ YIRS Wackestone  {lagoonal

AK13M128.5 ke T OXO&® Grainstone shoal
AK13M134.5 & 7O e Wackestone  ilagoonal
AK13M138.5 ke &K 7 Packstone lagoonal
AK13M143.5 ke V& Grainstone lagoonal
AK13M149.5 * open platform
AK13M155.5 b ¢ W& 7 Xe Grainstone open platform
AK13M160.5 ¥ 7 ORB Packstone open platform
AK13M166 ¥ W7 &/ Packstone open platform
AK13M171.5 v *x £ open platform
AK13M174 & ¥ FIORERA Wackestone open platform
AK13M179 ¥ & VE Packstone open platform
AK13M184 * ¥ pX4 Grainstone open platform
AK13M200.5 & * 7R restricted platform
AK13M202.3 ¥ ¥ N Grainstone restricted platform
AK13M202.8 ¥ ¥ ORA Packstone restricted platform
AK13M203.5 .y restricted platform
AK13M204 4 x Mudstone restricted platform
AK13M204.7 SE¥*k VAL~ T OO Packstone restricted platform
AK13M208 r O ¥ restricted platform
AK13M218 x * restricted platform
AK13M226 Y ek 7 OXR Packstone restricted platform
AK13M231.5 ¥ ¥ VA & Grainstone, restricted platform

Packston
AK13M236 Boundstone intertidal
AK13M240.5 Re restricted platform
AK13M245 r restricted platform
AK13M249.5 * ¥ & 7 2{683 Grainstone restricted platform
AK13M2505 ¥ ¥ e Packstone, irestricted platform

Wackeston
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Sample Number

Grains < 10%

Carb Lithology

Grains > 10%  Paleoenvironment
AK13M252 v x O e Packstone, restricted platform
Wackeston
i AK13M257 b - ¢ Y7 e Wackestone  irestricted platform
AK13M262 x restricted platform
AK13M268.5 intertidal
AK13M274 t - ¢ & Wackestone, restricted platform
Mudstone
AK13M278 rx &AL Grainstone, restricted platform
Packston
AK13M279 r Wackestone restricted platform
AK13M280 ¥ x AL/ 7 Grainstone, restricted platform
Packston
AK13M285 A *x YRe Packstone, restricted platform
- Wackeston
AK13M286 r restricted platform
AK13M288 e 7, restricted platform
AK13M290 V-4 xRy Wackestone  irestricted platform
AK13M292 Y& *k Wackestone restricted platform
AK13M294 r restricted platform
AK13M296 R Mudstone restricted platform
AK13M298.5 r ® Wackestone  irestricted platform
AK13M300.5 x restricted platform
AK13M302.5 x restricted platform
AK13M304.5 V. ¢ R Packstone,  -iopen marine
- Wackeston
AK13M307 Y VAR Grainstone, open marine
Packston
AK13M310 g ¢ Grainstone open marine
AK13M312 KR Wackestone | open marine
AK13M314 b - ¢ ~0 & Packstone open marine
AK13M316 b ¢ SAKS® Grainstone open marine
AK13M318 - ¢ AR Packstone open marine
AK13M320 g A OVAKX Packstone open marine
AK13M322 b ¢ A Grainstone, open marine
‘i Packston
AK13M324 ¥ VAZ &K Grainstone shoal
AK13M326 ¥ & EAT Grainstone, open platform
Packston
AK13M327.5 Yke -V d "1 Packstone open platform
AK13M330 Xk & B\ Grainstone open marine
AK13M332 ¥ %k 7 Packstone open marine
AK13M334 - &EXRA Grainstone open marine
AK13M336 rr ARO( Grainstone shoal
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Sample Number Grams < 10% Carb Lithology { Paleoenvironment
AK13M337.8 Y ¥ U&7 XD Packstone, open platform

Wackeston
AK13M340 S¥¥* el O IA Grainstone open platform
AK13M342 vx 74 Packstone open marine
AK13M344 0¥ *K &A Packstone open marine
AK13M346 b ¢ NV Packstone open marine
AK13M348 Y% HIT& Packstone open marine
AK13M350 ¥k Y e V% Packstone open marine
| AK13M352 Y * & Packstone open marine
AK13M354 7k A Packstone open marine
AK13M355.3 ¥ x WA Packstone open marine
AK13M356.5 7 x open marine
AK13M358 7 ¥x open marine
AK13M363.5 r¥x WEALT Packstone open marine
AK13M365 b - ¢ Packstone open marine
AK13M366 Yk AL Grainstone shoal
AK13M367 b - ¢ AS KB Grainstone, shoal

Packston
AK13M369 rx AR Packstone open platform
AK13M371 ¥x & Packstone open platform
AK13M373 r* AL B Packstone open platform
AK13M375 ¥ *x 075 Wackestone  irestricted platform
AK13M375.9 r * restricted platform
AK13M378 AR restricted platform
AK13M380 g HK Packstone, open platform

' Wackeston

AK13M381.5 ¥ AN &/ Packstone open platform
AK13M383 ¥ Ve&E/E Packstone open platform
AK13M384 YA ¥ \¢7 Wackestone  open platform
AK13M384.5 7 x A OYRBAE Packstone open platform
AK13M385 vk Ase( Packstone open platform
AK13M385.3 ¥k AV e 7B Packstone open platform
AK13M385.9 r restricted platform
AK13M387.7 Y & restricted platform
AK13M388.1 xEY AR Packstone restricted platform
AK14MO ¥ x &S ANY Grainstone open platform
AK14MO0.5 Y RS Wackestone irestricted platform
AK14M1 ¥ AKXk 7R Wackestone  irestricted platform
AK14M1.5 7k =8 A7 Packstone open platform
AK14M2 & HR t 7 X Wackestone  irestricted platform
AK14M25 r restricted platform
AK14M3 r

restricted platform
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Sample Number

Carb Lithology |

Grains < 10% Paleoenvironment

AK14M3.5 restricted platform
AK14M4 restricted platform
AK14M4.5 V' d restricted platform
AK14M5 & Mudstone restricted platform
- AK14M5.5 \ restricted platform
;AK14M€ restricted platform
: AK14M6.5 restricted platform
%AK14M7 4 Wackestone restricted platform
{ AK14M7.5 ¥ SOk~ Grainstone shoal
AK14M8 ko8 Grainstone shoal
[ AK14M8.5 Yy SO% Grainstone shoal
| AK14M9 kO Grainstone shoal
§AK14M9.5 A7 RA Packstone, open platform
: - Wackeston
AK14M10 & TR Wackestone  iopen platform
| AK14M10.5 ~E 7 XA Wackestone  open platform
| AK14M11 &E 7 KRB Wackestone  iopen platform

| AK14M11.5 ESRIA Packstone open platform
EAK14M12 restricted platform
{AK14M12.5 r restricted platform
%AK14M13 V. restricted platform
_EAK14M13.5 v &7 A Packstone open platform
' AK14M14 t ¢ AREXT A Grainstone open platform
{ AK14M14.5 r ' restricted platform
gAK14M15 ¥ %k VAER 7 RXEXPQ@ Packstone, restricted platform
§ - Wackeston
AK14M15.5 Yk ~0EHKT AL Packstone restricted platform
gAK14M16 b 9X¢ ~BSY 7 AB Grainstone open platform
‘AK14M16.5 - 9X¢ ~MBEQB T A Grainstone open platform
: AK14M17.01 & * 7 B Wackestone  irestricted platform
%AKMMI 75 ¥R O& Packstone, restricted platform
: Wackeston
| AK14M18 ¥ V&S T A Grainstone open platform
AK14M18.5 -4 4 =08 RAAQD Wackestone irestricted platform
| AK14M19 t i 4 R SY irestricted platform
AK14M19.5 4 PR restricted platform
EAKMMZO R restricted platform
| AK14M20.5 -4 44 Y RA Wackestone  irestricted platform
AK14M21 &R &k Wackestone  irestricted platform
AK14M21.5 r *¥7 restricted platform
AK14M22 *¥ed V=& QBA Packstone restricted platform
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Sample Number {Grains > 10% Grains < 10% Carb Lithology | Palecenvironment
AK14M22.3 A KR ZO~p 7 X Packstone, restricted platform
: Wackeston
{AK14M22.5 2.2 @ X4O] 0 E QA PO T |Grainstone, shoal
Packston
AK14M23 0)X4 ¥ KB Grainstone shoal
AK14M23.5 k0O K E™R, Packstone open platform
AK14M24 ¥ R¥ W~ AXO 7 Packstone, open platform
- Wackeston
i AK14M24.5 b 9X4 VAS™~SO 7 A Packstone open platform
AK14M25 ¥ *x 8 BIARBT Grainstone open platform
AK14M25.5 ke ot N7 X4 - iGrainstone open platform
{ AK14M26 ¥ H* VA7 ROMI Packstone restricted platform
AK14M26.3
AK14M26.5 ke ~&Y7 S Packstone restricted platform
AK14M26.75 *e( &V Grainstone restricted platform
AK14M27 o 4 ¢ EAXEY Grainstone open platform
AK14M27.5 *FR Mudstone restricted platform
AK14M28 oY%k &ERY Grainstone shoal
AK14M28.5 t el B¢ WS EXKOA Grainstone open platform
AK14M29 ¥ A ¥ ~EHEKA.O/ Grainstone open platform
AK14M29.5 ¥ x O~e A Grainstone open platform
AK14M30 r*x O~ 7 AL Packstone, open platform
Wackeston
AK14M30.3 ¥ ¥ QS & 7 XA A, iPackstone open platform
AK14M31 ¥ VEARB (T Wackestone  iopen platform
AK14M31.5 ot g VAERH 7 @ XME iGrainstone open platform
AK14M32 O ¥ % AL 7O Packstone open platform
AK14M32.5 - X4 AN 7 Packstone open platform
AK14M33 b 4 AN 7B Packstone open platform
AK14M33.5 Y IRA ~0 B\ Grainstone shoal
AK14M34 Y& WEAK e~ Grainstone shoal
AK14M34.5 ¥ ~~ZQ A Grainstone shoal
AK14M35.1 e ¢ O E AR Grainstone shoal
AK14M35.5 ¥ x AEXRB Grainstone shoal
AK14M36 E¥*k AVEO Grainstone open marine
AK14M36.5 O &% B EAK e ¢ Grainstone | open marine
AK14M37 s g ¢ WEXRAL Grainstone open marine
AK14M37.5 S¥H& O~ 7 A Grainstone, open marine
Packston
AK14M38 ¥ %k &SEVRA Grainstone open marine
AK14M38.5 ~8 Y KK &AT Grainstone shoal
AK14M39 -2 PIQ AT S Grainstone shoal
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. Grains > 10% T Carb Lithology i Paleoenvironment n
AK14M39.5 MBIRKY A7 Grainstone shoal
AK14M40 -1 XS &7 A Grainstone shoal

1 AK14M40.5 7k &S VAB Grainstone open marine

| AK14M41.5 ~EKY ARG Grainstone open marine
AK14M42 ad- > ¢ d VA0 Grainstone open marine
AK14M42.5 ~Ek?Y ARG Grainstone open marine
AK14M43 ~&*k Y AV I RSO Grainstone, open marine

Packston

AK14M43.5 V- “ds - ¢ ~ 8 VY AOY Grainstone open marine
AK14M44 o0 O™~ ¥ 7 % Grainstone shoal
AK14M44.5 e0 O~ Y K K8 Grainstone shoal
AK14M45 o0 WY &~ 7 kA Grainstone shoal
AK14M45.5 r~E% ¥ SAVEOM ¢ Grainstone open marine
AK14M46 rx O~ S AXKO 7 Grainstone open marine
AK14M46.5 ALK V&SXKO/ Grainstone open marine
AK14M47 =Y K SANBIE e SO :Grainstone open marine
AK14MA47.5 ~Y ¥ SAe Grainstone open marine
AK14M48 e b ¢ O&E 7 AR Grainstone open marine
AK14M48.5 t o  9X¢S/ V&S e DA Grainstone shoal
AK14M49 7Y * WAL 7 @3B O™ Grainstone open platform
AK14M49.5 b AR 7 @ XBA4 :Packstone open platform
{ AK14M50 ~ Y ® ¥ WEAXKT Packstone open platform
| AK14M50.5 ree V7 SKOADA/ Grainstone shoal

| AK14MS51 ad gb # AN LXK ® ¢ ©GG rainstone,  ishoal
Packston

| AK14M51.52 ot g ¢ A 7 &Y e XOPA, Grainstone shoal

! AK14M52 ¥ ok I O&B e XOA Grainstone shoal
AK14M52.15 Ak \'% g Wackestone | open marine
' AK14M52.25 ¥ ORAB Grainstone open marine
AK14M52.5 b N7 T Packstone open marine
AK14M53 b ¢ V~SA KSR Grainstone open marine
AK14M53.5 ¥ SE0R& Grainstone open marine
AK14M54 e 4 ¢ VREH OF Grainstone open marine
AK14M54.5 * ¥ RO SR\ Grainstone lagoonal
AK14M55 ¥k = ERAANY Packstone open marine
AK14M55.5 ¥& 7 Packstone open marine
AK14M56 ot g ¢ ASHEK e B Grainstone open marine
AK14M56.3 Y%

AK14M57 ©~310E YhkeDHBA(T Grainstone shoal
AK14M57.5 tdae OIS & eXERY Grainstone shoal
AK14M58 kS &Y~ e O/ Grainstone shoal
AK14M58.5 *¥ QO &~ e B Grainstone shoal
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mple Number |Grains > 10% Grains < 10% Carb Lithology | Paleoenvironment
AK14M59 *¥Y OO ~&ile 8 Grainstone shoal
AK14M59.5 kO <R e Grainstone shoal
AK14M60 ¢ AYBK e 8 Grainstone open platform
AK14M60.5 kO E &3 e O (Y Grainstone shoal
AK14M61 1 b - ¢ HYVEAXK®™B O |Grainstone open platform
AK14M61.5 - ¢ VAR S &~ Grainstone open platform
AK14M62 7 ¥ VA7 @K o~ QM |Packstone open platform
: AK14M62.5 ¥ Ak WA e~@ ¢ Packstone open platform
| AK14M63 & ¥ V&S 7 e R Packstone open platform
AK14M63.5 K ¥ XO ~0E &K e AR Grainstone lagoonal
AK14Mé64 O ¥ % A&7/ Packstone open marine
AK14M64.5 Y% &G Re SYUA Grainstone open marine
AK14M65 O ¥ % P K e KA Packstone open marine
AK14M65.5 v * Packstone open marine
AK14M66 by g AKB @ Grainstone open marine
AK14M66.5 - g AYE e @~Q Grainstone open marine
AK14M67 ¥¥x WAL Grainstone open marine
AK14M67.5 ¥ * ~0 e HBA Grainstone open marine
AK14M68 YK O™~@B A Grainstone open marine
AK14M68.5 © L. g X(OF-7: Grainstone shoal
AK14M69 open marine
AK14M70 b ¢ AVBA Grainstone, open marine
Packston
AK14M70.5 ¥ (7] Grainstone, open marine
Packston
AK14M71 ¥ x N7 =) i Grainstone, open marine
Packston
AK14M71.5 & AN e Grainstone open marine
AK14M72 ¥ AV EALMB T K& Grainstone open marine
AK14M72.5 K A VBe~K Grainstone open marine
AK14M73 oI g EU& e OOA Grainstone shoal
AK14M73.5 &Y R¥* N7 Packstone open marine
AK14M74.15 & HR t i 4 Packstone open marine
AK14M74.5 ¥ WS4 RA Grainstone open marine
AK14M75 b VAR Packstone open marine
AK14M75.5 ¥k H RS e Packstone open marine
AK14M76 ¢ ORAB 7 Packstone open marine
AK14M76.5 ¥ &K AT Qe R{”LEM 7 Grainstone, open marine
Packston
AK14M77 ¥ R open marine
AK14M77 45 e ¢ VA 8 &A Grainstone open marine
AK14M77.65 KR ¥ B Wackestone | open marine
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AK14M78 Y *x AL Packstone open marine
AK14M78.5 Y O &BAA Packstone open marine
AK14M79 Y& X & Grainstone open marine
AK14M79.5  ad X6 ¢ &HS oYy Grainstone open marine
AK14M80 t lad X4 ¢ &Se (Y Grainstone open marine
AK14M80.5 o b ¢ OXR Packstone open marine
AK14M81 X e AR Packstone open marine
AK14MS81.5 & xR b Packstone, open marine
Wackeston
AK14M82 r¥x YA e SR Grainstone open marine
AK14M82.5 b ¢ V& &8 &P Grainstone open marine
AK14M83 ~Y % SHUXB/ L 7 Grainstone, open marine
Packston
AK14M83.5 .2 x40 &™~e SQOU Grainstone lagoonal
AK14M87 v ¥ WA e B Packstone open platform
AK14M87.5 ¥ Ao e ASA Grainstone open platform
AK14M88 - ¢ WAXSD A/ Grainstone open platform
AK14M88.5 7 ¥ 7§ AYXe £0 Grainstone open platform
AK14M89 raY % V&EAXK e B Grainstone open platform
AK14M89.5 VDRe F .t dad SIS Bafflestone open platform
AK14M90 e &K restricted platform
AK14M90.5 00e &% Grainstone shoal
AK14M91 e *7oX Grainstone shoal
AK14M91.5 Qe t e T3 @1 Grainstone shoal
AK14M92 X BAYOXRSEKXDM  Grainstone open platform
AK14M92.5 rx WV EHA. @ QP Grainstone open platform
AK14M93 Y& K Va& e A Packstone open marine
AK14M94 Y ¥* AHAORAS Packstone open marine
AK14M94.5 v ~0EBAXI QB  |Grainstone open marine
AK14M95 ¥x VRS o AL Grainstone | open marine
AK14M95.5 ¥AX 0 B Grainstone open marine
AK14M96 b ¢S O™~ e @&BA, Grainstone shoal
AK14M96.5 O] 7k e Grainstone shoal
AK14M97.5 o0 e 9344 Grainstone shoal
AK14M98 gy NO) AU T AKX Packstone, open platform
: Wackeston
AK14M98.5 © Q¥ XK Grainstone shoal
AK14M99 O¥ %X &*e QL Grainstone shoal
AK14M100 \>10 &%k Grainstone shoal
AK14M101 0] *r&HeOFs Grainstone shoal
AK14M101.5 01S Y SHEOHF™~ Grainstone shoal
AK14M102.25 o0 oY X ¢ Grainstone shoal
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Grains > 10%
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Carb Lithology i Palecenvironment
AK14M102.5 OO Y&k Grainstone shoal
AK14M103 ¥ *x W& Grainstone open marine
AK14M104 * YOO o= VXL Grainstone shoal
AK14M104.5 * ¥ OO ~MQFIKe Grainstone shoal
AK14M105 * YOS ~H K e\ Grainstone shoal
AK14M105.5 o0 K~ e FA Grainstone shoal
AK14M106 1$10] -t dan- YIE WA Grainstone shoal
AK14M106.5 1S]0) P kIl e 48 Grainstone shoal
AK14M107 o0 K FXe ¢ Grainstone shoal
AK14M107.5 o0 Y kiIKe F Grainstone shoal
AK14M108 o0 bty - 0X& V-4 Grainstone shoal
AK14M108.5 * ¥ EO S @ O/ Grainstone lagoonal
AK14M109.5 1510)X¢ o Y-V -¢d Grainstone shoal
AK14M111 ~O 0 ¥ &K Grainstone shoal
AK14M111.5 1$10] bl -9X4 ¢ Grainstone shoal
AK14M112 1$10] * X Grainstone shoal
AK14M112.5 o0 by 9X¢ Grainstone shoal
AK14M113 KO0 by @ X4 Grainstone shoal
AK14M113.5 1$10] 7 XK Grainstone shoal
AK14M114 o0 7 & ¥ Grainstone shoal
AK14M114.03 ©0O FHHXKT Grainstone shoal
AK15M0 & AR Grainstone open marine
AK15M4 rx WA e B Grainstone open marine
AK15M5 ¥ HA V& B Packstone open marine
AK15M8 L ¢ SOYRIA Packstone open marine
AK15M10 ¥ ¥x VA& Grainstone open marine
AK15M12 ¥ x AX Grainstone open marine
AK15M14 - OB Grainstone open marine
AK15M15 K VH A Packstone open marine
AK15M16.5 ¥ ¥ AE Packstone open marine
AK15M18 v ¥ Nat
AK15M20.02 r ¥ /¥ Wackestone
AK15M20.1 r Y& Wackestone
AK15M24 Y & * VAL Packstone open marine
AK15M26 *¥ B\ Grainstone open marine
AK15M28 ¥ ¥ N0y X Packstone open marine
AK15M30 Y7 VAR B Packstone, open marine
Wackeston
AKI15M32 K AN - i Packstone open marine
AK15M32.8 7K AN Packstone open marine
| AK15M34 3 b ¢ Q& AR Packstone open marine
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Sample Number Grains > 10% Paleoenvironment
AK15M36 % WALB Grainstone open marine
AK15M38.4 Y A Packstone
AK15M40 vk V& A Packstone open marine
AK15M42 Y% AL T BAY Packstone open marine
AK15M44 Y% VEA.7 A& Grainstone open marine
AK15M46 g ¢ O&7ASE Packstone open marine
AK15M48 Yk & BT Packstone open marine
AK15M50 Yx AT Packstone open marine
AK15M52 Y% A7 A Packstone open marine
AK15M54 ¢ A7 &/ Packstone open marine
AK15M56 Yk O &F AB Packstone open marine
AK15M59 O ¥ ¥ & A Packstone
AK15M62 7 x L% Wackestone  {open marine
AK15M64.5 t g ¢ N7 Packstone open marine
AK15M66 O 7 H A Wackestone  {open marine
AK15M68 b ¢ OALB Packstone open marine
AK15M70 7k A Wackestone | open marine
AK15M72 Yk A VAP Packstone open marine
AK15M74 g ¢ A& Grainstone open marine
AK15M75.6 g ¢ P O& e XXH KA. iGrainstone open marine
AK15M78 g ¢ 7B Packstone open platform
AK15M80 g ¢ ~SOASE B Grainstone open platform
AK15M82 ke A DX 4 Packstone open platform
AK15M84.5 rx AV R e D Grainstone open platform
AK15M89 ¥ A A Grainstone open platform:
AK15M93 YK &Y Packstone open platform
AK15M95 Y OXx& &7 e Packstone open platform
AK15M98 7 ¥ V&HAKe Grainstone open platform
AK15M100 (V7 4 * YA Wackestone  open platform
AK15M103 orx &~OXe &7 Y Grainstone shoal
AK15M105 vk VAIKERQ/ 7 Grainstone open platform
AK15M107 x * _ restricted platform
AK15M109 7HA &0 2B Grainstone open platform
AK15M112 * ¥ X0 or--Y-K 274 Packstone open platform
AK15M112.5 rx 74 restricted platform
AK15M113 gy 9X¢ O™ 7 A Packstone restricted platform
AK15M113.5 g 9X¢ HAOARIS Packstone restricted platform
AK15M114 g 9X¢ VT E~BRACT Packstone restricted platform
AK15M114.5 Ve N FOEAKA T &~ Packstone, restricted platform
: Wackeston
AK15M115 * ¥ RAEO 08 7 & &~ Packstone open platform
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p'ouNumber |

Grains >10% |

Grains<10%  |Carb Lithology | Palecenvironment
AK15M1155 r*xo B REO™A Grainstone, open platform
- Packston

1 AK15M116 O) b ¢ AOSXKSE Grainstone shoal
AK15M116.5 %0 &8 7ER Packstone open platform
AK15M117 KA 74 Packstone open platform
AK15M117.5 Y * AU IT A Packstone open platform
AK15M118 X0o r*xe Grainstone shoal
AK15M118.5 X0O rx Grainstone shoal
AK15M119 OeX Y SEXBA Grainstone shoal
AK15M119.5 OeX YHRESHA Grainstone shoal
AK15M120 Qe V¥ EHRAKB Packstone open platform
AK15M120.5 Qe YOSKXER( Packstone open platform

{AK15M120.8 Oe P ORKER7 Packstone open platform
AK15M1215 OeX Y Grainstone shoal
AK15M122 OeX &Y *xY Grainstone shoal
AK15M122.5 0)X¢ *¥ e QA i Grainstone shoal
AK15M123 0)X4 * ¥ & e QAR Grainstone shoal
AK15M123.5 oxX ke Grainstone shoal
AK15M124 X ke Grainstone shoal
AK15M124.5 0)X¢ O™~k e &S ¢ A |[Grainstone shoal
AK15M125 t - ¢ AN B &K Grainstone open platform
AK15M125.5 ¥ W&AB Grainstone open platform
AK15M126 ¥k VAE o &7 Grainstone open platform
AK15M126.5 rx AYERT B Packstone open platform
AK15M127 v & V& SEBA. Grainstone open marine
AK15M127.5 - ALBB T Packstone open platform
AK15M128 7k & EAKB Grainstone open platform
AK15M128.5 b VEARK Grainstone open platform
AK15M129 r¥*x O&ERAL Packstone restricted platform
AK15M129.5 ¥ ¥k ORARB Packstone restricted platform
AK15M130 FHxR V&S e A Packstone restricted platform
AK15M130.5 ¥ AT R B Packstone restricted platform
AK15M131 Ak oK Wackestone  irestricted platform
AK15M131.5 rx WEAXKB Packstone restricted platform
AK15M132 ¥ AKA Q&L Packstone restricted platform
AK15M132.5 ¥ R¥* W&AR Packstone, restricted platform

Wackeston

AK15M133.5 ¥ & & & AP\~ Grainstone open platform
AK15M134 ¥k Y E BT AD Grainstone open platform
AK15M134.5 ¥ *x ™A E RN Grainstone open platform
AK15M135 & &S~ EARL  |Grainstone open platform

1 AK15M135.5 V2 774 ABRAB Packstone restricted platform
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Annual Re

Sample Number ;Grains > 10% Grains < 10% Carb Lithology i Paleoenvironment
AK15M136 Vike W7D RA Packstone restricted platform
AK15M136.5 - - 4 W™~ AQRPA  [Wackestone  irestricted platform
{AK15M137 b 44 O&E RO Wackestone  irestricted platform
|AKI5M137.5 - 44 O&RAB Wackestone  irestricted platform
AK15M138 A ¥e WY &~R 7 AQ Packstone, restricted platform
Wackeston
AK15M138.5 rx VA& e 7 28 4 £ Packstone, restricted platform
Wackeston
AK15M139 7 enrnd Wackestone  restricted platform
AK15M139.5 e b - ¢ Packstone, restricted platform
Wackeston
AK15M140 4 YHERE Wackestone  irestricted platform
AK15M140.5 ke 7R Packstone restricted platform
AK15M141 * YO O~ZOA.0 Grainstone lagoonal
AK15M141.5 Y& x &Y A Wackestone | open platform
AK15M142 ke QAT A Packstone open platform
AK15M142.5 YA ~%EVOAA Grainstone open platform
AK15M143 X O™~38 & BA. Grainstone open platform
AK15M143.5 Yk ~MUSHOXKA T Grainstone open platform
AK15M144 rx V™8 &OXRA ¢ &Grainstone open platform
AK15M144.5 Ak Oy R Wackestone  irestricted platform
AK15M145.5 b b ¢ MBSV e BT Packstone open platform
AK15M146 yx ~OEQARD T Packstone open platform
AK15M146.5 b -4 S A Grainstone open platform
AK15M147 b ¢ ~ 8 AP Grainstone open platform
AK15M147.5 Y * O~ E AXKBA 7 Packstone open platform
AK15M148 ¥ O~ 3CAR Packstone open platform
AK15M148.5 E¥*k O~ AIB Packstone open platform
AK15M149.01 ¥ O~ G3B/A Packstone open platform
AK15M149.02 ¥ % ~8 A/ Packstone open platform
AK15M152 E¥%k A Packstone open platform
AKI5M15251 /¥ e(® 288 T AL B Packstone open platform
AK15M153 © ;‘gﬂ’&“‘ﬂeXﬁ B\ Packstone open platform
AK15M153.5 Re AOYSHEE 7~ Packstone open platform
AK15M154 *Qe ¥ OHKILT = Packstone open platform
AK15M154.5 * ¥ REO MBS T A/ Packstone, open platform
Wackeston
AK15M155 ¥*e O~4BAKOB Grainstone shoal
AK15M155.5 Y kO AY~BHIe @M/  |Grainstone shoal
AK15M156 % U&B/A Packstone open platform
AK15M157 & ALK Grainstone open platform
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Sample Number

Grains > 10%

Grains < 10%

Carb Lithology | Paleoenvironment
AK15M157.5 Y¥ke & S YO~ Grainstone open platform
AK15M158 *¥ e O & KA Grainstone open platform
AK15M158.5 t . ¢ Y&A e Grainstone open marine
AK15M159 e ¢ YA Grainstone open marine
AK15M159.5 ¥ *x VX e Grainstone, open marine
Wackesto

AK15M160 Y% OEIAR Wackestone | open marine
AK15M160.5 ¥ x VASE &K Grainstone open marine
AK15M161.2 Y% Oi&A Packstone open marine
AK15M161.5 rx VAE &K Grainstone open marine
AK15M162 yx ~OA S Grainstone open marine
AK15M162.5 N2 o ¢ HS8e 7 Packstone open marine
AK15M163 b ¢ ARIX Grainstone open marine
AK15M163.5 b ¢ WA Grainstone open marine
AK15M169 12 b g & Packstone open marine
AK15M169.5 7 x VAESR Grainstone open marine

{ AK15M170.4 Y% VEAT & Packstone open marine

{ AK15M172 b ¢ Oi&eXD Packstone open marine
AK15M172.5 O ¥ % &7 Send Grainstone open marine
AK15M173 S¥Y*k 07 &/ Packstone open marine
AK15M173.5 7 ¥*x W™~AS B {Grainstone open marine
AK15M174 b - ¢ AN~ e B Grainstone open marine
AK15M174.5 vy x SOVASD Grainstone open marine
AK15M175 ¥ & WA e &~ Grainstone open marine
AK15M175.5 122 ¢ ASBKE Packstone open marine
AK15M176 O ¥ H* AEXT Grainstone open marine
AK15M176.5 7 ¥ &8 AN Packstone open marine
AK15M177 ¥ ¥*x QA Packstone open marine
AK15M178.5 ¥k VAE S Grainstone open marine
AK15M179 - g HSVYK Grainstone shoal
AK15M179.5 Y& e¥ AN~ 7 BXKD Packstone open platform
AK15M180 Y& ek ¢ AYRBD { Packstone open platform
AKI5M1805 ¥ %@ ~REVRAB :Grainstone | shoal
AK15M181 *O0 W &8 QHKSBALB Grainstone shoal
AK15M181.5 FxQ O~y 8K e O (7 Grainstone lagoonal
AK15M182 rx N 24 Packstone open marine
AK15M182.5 7 ¥ O~ HABG 7 Packstone open marine
AK15M184 ¥ & =~ EVRBAE Grainstone open marine
AK15M184.25 Y& WERA Grainstone open marine
AK15M186 SE¥*k ~~E BN Grainstone open marine
|AKI5M1865  (¥P% OEBAS Grainstone open marine
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Sample Number {Grains > 10% Grains < 10% Carb Lithology : Paleoenvironment
AK15M187.5 7k VAE Grainstone open marine
AK15M188 b - ¢ - A DX¢" X4 Grainstone open marine
AK15M188.5 r* AKX Grainstone open marine
AK15M189.2 rx A7 Grainstone open marine
AK15M190 Y x S\ Grainstone open marine
AK15M190.5 yxX ~EADE Grainstone shoal
AK15M191 ¢ O~ 3BA Grainstone open marine
AK15M191.5 v O @ 3K/ Grainstone open marine
AK15M192 Oy % ASEAT O Packstone open marine
AK15M192.5 o ¢ SAVXK e SO0 Grainstone open marine
AK15M193 b ¢ V& SAX (7 B~ Grainstone open marine
AK15M193.5 vk &S VY Grainstone open marine
AK15M194 % A Grainstone open marine
AK15M194.5 rx N7 PX4 Grainstone open marine
AK15M195 * 7 open marine
AK15M195.5 Yx & e A Grainstone open marine
AK15M196 yx VR&AXKSE A Packstone open marine
AK15M196.5 *SEY O~&3e A Grainstone open marine
AK15M197.25 iO/¥ %k &8 Packstone open marine
AK15M198 v *x & e X0B ¢ Packstone open marine
AK15M198.5 g - ¢ open marine
AK15M199.1 7 x VA e QO 7 Grainstone open marine
AK15M199.5 ¥ ¥* JAVSEXe &/ (¢ Grainstone open marine
AK15M200 * x open marine
AK15M200.1 r open marine
AK15M200.5 7% V&S A @B (7 rs Grainstone open marine
AK15M201 Y x O EBAKA Grainstone shoal
AK15M201.5 7 * V™~ A e B Grainstone shoal
AK15M202 .tk X4 VAR Packstone open platform
AK15M202.5 ¥x ~MOEHBA 03X 7 B |Grainstone shoal
AK15M203 ke V=B AT D Grainstone shoal
AK15M203.5 ¥k WOAXK Grainstone shoal
AK15M204 FHkoe VA ™~OIF®  Grainstone open platform
AK15M204.5 ke & &3 Grainstone open platform
AK15M205.5 7 x O3 Packstone open marine
AK15M206 ¢ V& e/ Packstone open marine
AK15M206.5 & e KA, Grainstone open marine
AK15M207 - ¢ O™~ e AS Grainstone, open marine
Packston
AK15M208 g ¢ &SUA Packstone open marine
AK15M208.5 b -4 e A Packstone open marine
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Sample Number {Grains > 10% Grains < 10% Carb Lithology : Paleoenvironment
AK15M209.5 7 *x &O~3le L6 7 Grainstone open marine
AK15M210 7 *x ~3Q e A Grainstone open marine
AK15M210.5 g ¢ O™~& e ALB Grainstone open marine
AK15M211 r %k O™~A e &0 Grainstone open marine
AK15M211.5 K ¥ XEO ~B S e AL Grainstone lagoonal
AK15M212°° rx VA B S Grainstone open marine
AK15M213.3 b ¢ O & A Grainstone open marine
AK15M214 b - ¢ N7 Packstone open marine
AK15M214.5 - ¢ VA e Packstone open marine
i AK15M215 e ¢ A e B . iPackstone open marine
AK15M216 ¥x WS AXA Grainstone open marine
AK15M216.5 Y% ~MBEVEO/ Grainstone shoal
AK15M217 b . ¢ ~0E & e AL Grainstone open marine
AK15M217.5 Y% SAYKe B 7 Grainstone open marine
AK15M218 ¥ ¥* & &\~ Grainstone open marine
AK15M218.5 rxk 88X/ Grainstone open marine
AK15M219 e ¢ ~H S0/ 7 Grainstone open marine
AK15M219.5 © MBS Y OIA Grainstone shoal
AK15M220 % AN B~ 7 B Grainstone open platform
AK15M220.5 Y * WK E e B Grainstone _{open marine
AK15M222 7 * WBA Grainstone open marine
AK15M222.5 rx W7 &&XK Grainstone, open marine
: Packston
AK15M223 ¥ SX% =R\ Grainstone open marine
AK15M223.5 g ¢ O™~ &I/ 7 Grainstone open marine
AK15M224 b ¢ O~ & Grainstone open marine
AK15M224.5 ¥k il S 3R\ Grainstone shoal
AK15M225 e V&SR e RK (7 Packstone open platform
AK15M225.5 open platform
| AK15M225.5 T ~S e\ Grainstone open platform
AK15M226 Y¥ke -} 214 Grainstone open platform
AK15M226.5 152, 9X{0] ~OE&B e ¥ A Grainstone lagoonal
AK15M227 e ¢ AR Packstone open marine
AK15M228.5 Y ¥ VAL B Grainstone open marine
AK15M229 ¥k Wiie Grainstone open marine
AK15M229.5 g 40 ~EVR& 7 Grainstone shoal
AK15M230 *0© Q4R 3IY B Grainstone shoal
AK15M230.5 ~Y K &7 VXK eOR/ Grainstone shoal
AK15M231 - ¢ 2 ERHe K7 O Grainstone open platform
AK15M231.5 vx ~QAKe OB |Grainstone open platform
| AK15M232 - e 107 36 EAOA.  |Grainstone open platform
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Sample Number

Grains < 10%

Carb Lithology |

67

Grains > 10% Paleoenvironment

AK15M232.5 g ¢ VBT e XMO Grainstone open platform
AK15M234 \S10)X¢ Srie P\ Grainstone shoal

i AK15M234.5 0¥ LY g OX4 Packstone open platform

{ AK15M236 b ¢ & &~/ B Grainstone open marine
AK15M236.5 ~¥ % &0 e A Grainstone open marine
AK15M237 g ob - ¢ V&S AK e B Grainstone open marine
AK15M237.5 ®© ~MOEH/KY ¥ Grainstone shoal
AK15M238.5 g 9 X4 VA e ¢ Packstone open platform
AK15M239 SRe Y&% 70O Boundstone open platform
AK15M239.5 ~¥ ¥ V&REP e XOA, Grainstone open platform
AK15M240 ~Y X ALK e O Grainstone open platform
AK15M240.5 ot g ¢ AVSB XK e O Grainstone open platform
AK15M241 ot 2. ¢ AEZVeXOBO? |Grainstone open platform
AK15M241.5 ke ~MBEOOA Grainstone shoal
AK15M242 ~Y * OUXe R Grainstone shoal
AK15M242.5 b b ¢ O™~ e B Grainstone open platform
AK15M243 7 * VSO Grainstone open platform
AK15M243.5 ¥k V~ERH/ O Grainstone open platform
AK15M244 Y% SU&X e O Grainstone open platform
AK15M244.5 b ¢ ~ANKe L0/ Grainstone open platform
AK15M245 7 * V~EROA Grainstone open platform
AK15M245.5 y¥x ~EOXe Grainstone open platform
AK15M245.75 X
AK16M0.01 .y A ¥ Wackestone  irestricted platform
AK16M3 X V7 e&47 Packstone open platform
AK16M6 Y ¥ 07 e Wackestone  {open platform
AK16M9 KR V- Packstone open platform
AK16M12 & ¥ AKX O 7 =~ Packstone, open platform

Wackeston

AK16M14 b ¢ EX&® Grainstone open platform
AK16M15 b ¢ SAXY Grainstone open platform
AK16M17 b b ¢ SATXKe Grainstone open platform
AK16M18 xR A restricted platform
AK16M21.6 ¥k AYE e X 7 r Packstone open platform
AK16M24 b ¢ SeXY/( Grainstone open platform
AK16M27 ¥ ¥ VeX&B 7 Grainstone open platform
AK16M30 &R &k restricted platform
AK16M32.8 Fke LA Packstone open platform
AK16M33 % P ERBA X7 A |Grainstone open platform
AK16M33.1 b ¢ P4 E&BA © X7 B  |Grainstone open platform
AK16M36 o ¢ V&A 87 Packstone open platform



Sample Number |Grains > 10% Grains < 10% Carb Lithology |Paleoenvironment
AK16M39.5 v *x QA Packstone { open platform
AK16M41 vk ASIEB Grainstone , open platform

| AK16M42.5 ¥k A&7 Grainstone  open platform
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Annual ReEort 1989-1990 ,

Appendix 2

Conodont Biostratigraphy of the Wahoo Limestone

Table shows data on conodonts collected from the eastern Sadlerochit Mountains
(locality 8 on Fig. 3).
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Annual Report 1989-1990
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Annual Report 1989-199
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