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ABSTRACT

The Middle Devonian Dawson Bay Formation carbonate unit is present
in the subsurface of North Dakota except where truncated by post-
depositional erosion. The carbonate unit thickens from the erosional
limit to a maximum thickness of U47.5 m (156 ft.) in Renville County
and reaches a maximum depth of 3798 m (12,432 ft.) below the surface in
McKenzie County. In North Dakota, a submarine hardground separates the
carbonate unit from the underlying "Second Red Bed member" of the
Dawson Bay Formation. The upper contact with the Souris River
Formation is conformable except in those areas where the Dawson Bay
Formation was exposed to subaerial erosion prior to deposition of the
Souris River sediments.

The Dawscn Bay carbonate unit is predominantly dolomitic and
fossiliferous limestone or fossiliferous dolostone. The carbonate unit
can be subdivided into five lithofacies on the basis of characteristic
fossil fauna, flora, and other lithologic features. 1In ascending
order, the carbonate lithofacies are: lithofacies B (brachiopod-
echinoderm wackestones and mudstones), lithofacies C (stromatoporoid
boundstones, wackestones, and mudstones), lithofacies D (gastropod-
ostracod-brachiopod~echinoderm wackestones and mudstones), lihofacies E
(gastropod-ostracod mudstones), and lithofacies F (eryptalgal
boundstones and mudstones).

Lithofacies analysis of the Dawson Bay carbonates suggests a
shallowing-upward succession of depositional environments and
assoclated energy zones as follows: shallow epieric sea (very low

energy), stromatoporoid biostrome/bioherm (low energy), very shallow

xiidi




s

epeiric sea (very low energy), restricted shallow epeiric sea
(extremely low energy), and shallow epeiric sea shoreline (variable
energy) .

Eogenetic diagenesis includes: color-mottling, dolomitization of
micrite to microcrystalline dolomite with penecontemporaneous anhydrite
replacement of cryptalgal mudstones and boundstones, cementation by
sparry calcite, and vuggy porosity development. Mesogenetic diagenesis
includes: formation of mosaic dolomites; cementation by bloeky equant
calecite; neomorphism; pressure-solution; fracturing; halite
cementation; and hydrocarbon emplacement.

Late mesogenetic hydrocarbon generation occurred within basal
Dawson Bay carbonates and/or was the result of migration into the
formation. Middle to late mesogenetic anhydrite, halite, and calcite
cementation partly limits reservoir potential. Hydrocarbon occurrence
in the Dawson Bay carbonates is primarily associated with porosity
within the stromatoporoid buildups, multiple fracturing events over

topographic and structural highs, and multiple dolomitization events.

xiv




INTRODUCTION
General

The Dawson Bay Formation is late Middle Devonian in age. It is
found within the 15,600 square mile area of the Williston Basin and is
a subsurface formation in North Dakota (Figure 1)(Gerhard and others,
1982). The Dawson Bay Formation is the lowermost carbonate cycle of
the Manitoba Group and 1is composed of a basal argillaceous member and
| an upper carbonate member (Figure 2). The argillaceous Souris River
Formation caps the group (Bluemle and others, 1980). The Dawson Bay
| ; Formation reaches a maximum thickness of approximately 56 m (185 ft.)
1 in Saskatchewan (Dunn, 1982). A.D. Baillie (1953) first studied the
Dawson Bay Formation where it crops out in northern Manitoba in the
vacinity of the Dawson Bay on the shores and islands of Lake
Winnipegosis. Baillie named it and correlated it into the subsurface
of the Williston Basin (Figure 2) (Baillie, 1953, 1955).

In the study area, the Dawson Bay Formation reaches a maximum
thickness of about 47 m (155 ft.) along the northern border of North
Dakota, in Towner, Bottineau, Renville, and Burke Counties, thinning to
an erosional edge in the eastern, southern, and southwestern portions
of the state.

Regionally in the Williston Basin, the Dawson Bay Formation is
composed largely of fossiliferous limestone or dolomitized limestone.
Anhydrite and halite are occaslonally present in appreciable amounts.

Bioclasts are a major allochemical constituent. In ascending order,
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4
ma jor bioeclastic components include: echinoderms and brachiopods
(commonly fragmental), stromatoporoids, gastropods-ostracods-
brachiopods-echinoderms, gastropods and ostracods; and cryptalgal
jaminations (locally anhydritic).

Diagenetic features are dominated by secondary dolomite rhombs,
pressure-solution structures, calcite cement, neomorphic calcite
erystals, secondary pores, and color-mottling. Secondary halite,
anhydrite, and hydrocarbons are diagenetic features due to their post
depcsitional origin.

The Dawson Bay Formation produces oll from sucrosic dolomites
assoclated with structural traps in McCone County, Montana (Edie, 1959)
and Williams County, North Dakota (Dean, 1982). Dawson Bay production
occurs above the Cedar Creek Anticline in Montana (Sandberg and Mapel,
1967) and on a structural nose flanking the Nesson Anticline in North
Dakota (Dean, 1982). Edie (1959) stated that hydrocarbons have been
reported over the entire area of the Williston Basin. This observation

is reinforced by the results of the present study.

Purpose of Study

The purpose of this study is to:

(1) Determine the petrography of the carbonate unit of the Dawson

Bay Formation.

(2) Determine the major diagenetic features of the carbonate unit

in the Dawson Bay Formation.




5
(3) Construct a depositional model that summarizes and interprets

the history of the formation.

(4) Indicate possible relationships between lithologic character

and petroleum occurrence in the Dawson Bay Formation.

Method of Study

This study of the carbonate unit of the Dawson Bay Formation 1s
confined to the North Dakota portion of the Williston Basin. A data
base density of at least two wells per township was used when available
(Plates 1, 2, and 3). Legal descriptions for wells cited are listed in
Appendix A using the North Dakota Geological Survey (NDGS) well number
(e.g. Blanche Thompson No. 1,NDGS #38).

North Dakota Geological Survey wire-line logs were utilized in the
selection of top and bottom footages of the carbonate unit (Appendix
A). A total of 634 wire-line logs, primarily using dual laterologs
with gamma ray, were studied and supplemented by core study.
Compensated sonic logs with gamma ray were used secondarily. It was
often necessary to use spontaneous-potential logs with resistivity in
studying older wells.

An isopach map (Plate 1) and two struecture countour maps (Plates 2
and 3) were constructed. The isopach map inecludes the carbonate member
of the Dawson Bay Formation, but excludes the basal argillaceous Second
Red Bed member. The strﬁcture contour maps were constructed on the top
of the Dawson Bay Formation and the top of the Second Red Bed member.

Cross-sectons of the Dawson Bay Formation (Plate 4) were constructed
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from wire-line logs along north-south and east-west transects.

Twelve cores provided by the Wilson M. Laird Core and Sample
Library of the North Dakota Geological Survey in Grand Forks, were
studied. A total of 195 m (639.1 ft.) of core was studied. The
distribution of cores used in this study is shown on Plates 1, 2, and
3. Core analysis ineluded hand-lens and reflected light microscope
inspection. Macroscopic deseriptions are ineluded in Appendix B,

Chlorothene saturated samples were inspected with ultraviolet
light at approximately 1.2 m (4 ft.) intervals to detect the presence
of hydrocarbons (Appendix B). Care was taken to aveld contamination
and uniform sample sizes were used in this assessment. Dilute (10%)
hydrochloric acid was used to distinguish dolomite from caleite. Color
designations were made utilizing the Revised Standard Soil Color Charts
which are an expansion of the Munsell notations (Oyama and Takehara,
1967).

Samples were taken for thin-section study at approximately 1.2 m
(4 ££.) intervals throughout the core. Microscopic analysis of 200
polished thin-sections was conducted utilizing reflected and polarized
light (Appendix B). One half of each thin-section was stained in a
solution of warm Alizarin Red S as deseribed by Friedman (1959,1971) to
distinguish caleite from dolomite.

Thin-sections and cores were deseribed using the nomeneclatures of
both Folk (1959) and Dunham (1962). Lithologie descriptions generally
utilize the terminologles of Choquette and Pray (1970), Folk (1974),
Maiklem and others (1969), Mattes and Mount joy (1980), Schreiber
(1981), and Wanless (1979).

The facilities of the Natural Materials Analytieal Laboratory of
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the University of North Dakota were utilized for X-ray analysis,

scanning electron microscopy, and microprobe assessment of selected

thin-sections and core samples.

Geologic and Tectonie Setting

The Williston Basin 1is a sedimentary and structural, intracratonic
basin located on the western periphery of the North American Craton
(Figure 1) (Gerhard and others, 1982). The basin underlies parts of
North Dakota, South Dakota, Montana, Wyoming, Manitoba, and
Saskatchewan. Precambrian crystalline basement occurs at a maximum
depth of approximately 4880 n (16,000 ft.) beneath east-central
McKenzie County, North Dakota (Gerhard and others, 1982). Phanerozoie
sedimentary rocks of every cratonie succession exist in the Williston
Basin (Sloss, 1963) and all Paleozole systems are present (Carlson and
Anderson, 1965), The southern, eastern, and northern limits of the
Williston Basin are delineated by the onlap of Paleozoic and Mesozole
rocks onto Precambrian basement rocks. The western margin is less
distinet due to depositional and erosional variability (Sandberg and
Hammond, 1958).

The Williston Basin 1is one of several struectural basins located
upon the North Ameriecan Craton. The tectonie outline 1s defined by the
Sioux Arch and Dakota Shelf on the southeast, Black Hills Uplift on the
South, Wyoming Shelf on the southwest, Central Montana Uplift and Swift
Current Platform to the west, Meadow Lake Escarpment to the northwest,

Manitiba Shelf to the north, and the edge of the Canadian Shield to the
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northeast and east (Figure 3) (Norris and others, 1982) (Gerhard and
others, 1982). Structural elements which influenced deposition within
the North Dakota portion of the basin, include several anticlinés,
lineaments, and highs, which have permitted development of structural

and diagenetic hydrocarbon traps in many of the basin formations.

Early Paleozoice History

The Williston Basin was not present in earliest Paleozoic time.
Fault-block highs were initially present on the Precambrian Shield and
remalned there to influence deposition when subsidence of the Williston
Basin commenced (Carlson, 1960). Earliest Phanerozolec sedimentation
occured with deposition of the Cambrian to Early Ordovician Deadwood
Formation. The Deadwood is characterized by eastward transgressive and
westward regressive sandstones, shales, and carbonates (Thompson,
1984), The Deadwood is separated from the Middle Ordoviclan, Winnipeg
Group, by a regional disconformity (Bluemle and others, 1980)
(Thompson, 1984),

Poorly defined subsidence of the Williston Basin is thought to
have originated with initial Winnipeg Group deposition (Gerhard and
others, 1982). Contemporaneous renewed transgressions from the
southwest (Foster, 1972), and across the Sloux arch from the eastern
interior (Fuller, 1961), deposited basal Winnipeg Group clasties
(Bluemle and others, 1980), Subsequently, shelf, lagoonal, and
supratidal carbonates, as well as sabkha evaporites were deposited

continually from Red River (Middle Ordovician) through Interlake
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(Silurian) time in the Williston Basin (Carroll, 1979).

Epeirogenetic uplift ended Lower Paleozoic sedimentation in latest
Silurian time and a low land mass occupied most of the region
throughout the Early Devonian (Heckel and Witzke, 1979). Renewed
subsidance commenced in early Middle Devonian time as the transgressing
Ashern Sea broached the Meadow Lake Escarpment in Alberta. The Meadow
Lake Escarpment separated the slowly-subsiding Elk Point Basin from the
Williston Basin in North Dakota (Kent, 1964) (Figure 1). In the early
Middle Devonian, red carbonates with anhy@rite nodules were deposited
on a coastal sabkha proximal to the Nesson Anticline in the Williston
Basin. Gray argillaceous carbonates were simultaneously deposited in a
restricted marine environment adjacent to the Nesson Antilcline. These
sediments are those of the Ashern Formation. Gray argillaceous Ashern
carbonates spread over the Nesson Anticline as the transgression
continued (Lobdell, 1984).

The Middle Devonian Winnipegosis Formation consists of carbonates
deposited during the maximum transgression of the Ashern-Winnipegosis-
Prairie Sea (Perrin, 1982). Winnipegosis carbonate sedimentation is
characterized by a shallowing-upward succession that inecluded large
stromatoporoid banks and pinnacle reefs. Eventually these bulld-ups
caused restriction of the basin in late Early Devonian time and allowed
the Prairie Formation to accumulate (Kent, 1964). The Prairie
Formation contains basal anhydrites and dolomites, locally interbedded
with shale and halite, and an upper evaporite member that is
predeminantly halite (Sandberg and Mapel, 1967). Erosion of
Winnipegosis carbonates and Lower Prairie evaporites occurred

pPenecontemporaneously with Upper Prairie Formation evaporite
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deposition.

In the latest Middle Devonian, the Meadow Lake escarpment in
Alberta was again breached, permitting marine transgression southward
and westward, with miner fluctuations from the Central Alberta Sub-
Basin (Norris and others, 1982) of the Elk Point Basin (Figure 1)
(Sandberg and Mapel, 1967). This was the Dawson Bay Sea which in
succession progressively inundated the Upper Prairie evaporites, then
the eroded Prairie, Winnipegosis and Interlake Formation carbonates.
These weathered carbonates are included in the basal Second Red Bed.

Carbonate deposition ensued as the Dawson Bay Sea transgressed and

regressed.

Previous Work and Stratigraphy

Devonian stratigraphy has been of particular interest to Williston
Basin geologists since the 1947 discovery of the Le due oil field near
Edmondton, Alberta (Layer and others, 1949). MeGehee (1952) first
extended the correlations of the Elk Point Formation (Group) of the
Alberta Basin into the subsurface of the Williston Basin.

Mitchell (1951) recognized three Middle Devonian red-bed zones
directly below the Beaverhill Lake Formation in Saskatchewan. These
red beds were recognized to be laterally persistent within the
Williston Basin by Andrichuk (1952) who ealled the interval between the
First Red Beq and the top of the Seecond Red Bed the "Lower Manitoban",
Subsequently, Baillie (1953) named the interval'between the base of the

First Red Bed and the base of the Second Red Bed the Dawson Bay
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Formation (Figure 2).

Argilllaceous carbonates of the Dawson Bay Formation were locally
deposited on erosional surfaces of the Interlake, Winnipegosis, and
Prairie Formations. These weathered surfaces form the base of the
Second Red Bed of the basal Dawson Bay Formation (Baillie, 1953).
Anderson (1974) indicated that the Dawson Bay Formation, inecluding the
Second Red Bed, overlies the Interlake Formation in northeastern North
Dakota. The incluslon of the erosional surface within the Dawson Bay
does not seem appropriate in view of the general understanding among
geologists that the Dawson Bay Formation represents one complete
transgressive-regressive cycle during the late Middle Devonian
(Sandberg and Hammond, 1958). Baillie stated that the inclusion was
made due to the difficulty of separating the red-colored erosional
surfaces from the red depositional sediments of the initial Dawson Bay
transgression in outcrop exposure (Anderson, 1984). Ballard (1963)
considered excluding the erosional surface on which the Dawson Bay
sediments rest, but chose not to out of consideration for unifeormity
and the precedence of past usage.

Wildeat drilling, which followed the initial oil discovery in the
United States portion of the Williston Basin on the Nesson Antieline,
permitted Balllie (1953, 1955) to standardize and introduce new
Devonian nomenclature to encompass the Alberta Basin, western Montana,
and the entire Williston Basin. These clarifications were the result
of his study of Devonian outerops in northern Manitoba and new core
from the Williston Basin. He divided the Williston Basin Devonian
strata into four major units of group rank. The name Manitoba Group

wWas proposed by Baillie (1953) for a series of shallowing-upward




13
carbonate and argillaceous strata overlying the basal Devonian Elk
Point Group. According to Baillie (1953) the Dawson Bay Formation is
the lowest transgressive-regressive cyele of the Middle Devonian,
Manitoba Group, in the Williston Basin (Figure 2).

Baillie (1953, 1955) deseribed the Dawson Bay lithologies in
ascending order as: an argillaceocus red and green shale (Second Red
Bed); a yellowish gray, thin-bedded, fossiliferous limestone with
localized ripple-marked surfaces and cemented fossil fragments;
yellowish brown, commonly fragmental coral and stromatoporoid reefoid
dolomite; and occasional capping-anhydrite beds. Baillie (1955)
reported that the basal contact was disconformable over the
Winnipegosis Formation and transitional over the Prairie Formation.
Subsequent Dawson Bay lithologlc descriptions have been simllar, and
provide evidence of the great lateral continuity of Dawson Bay
lithofacies.

Walker (1957) correlated Middle Devonian rocks in western
Saskatchewan and indicated a strong lithologie similarity between the
Dawson Bay and the Winnipegosis-Prairie Evaporite depositiocnal
Succession. Walker deseribed the Second Red Bed as residual red clay
capping the Winnipegosis-Prairie eyecle in Saskatchewan (Figure 2).

Sandberg and Hammond (1958) recognized two unnamed members of the
Dawson Bay Formation in the North Dakota-Montana subsurface which
conformably overlie the Elk Point Group. They inférmally described the
lower member as the argillaceous member, and indicated that the upper
member consists of thick-bedded crystalline limestone/dolomite and
anhydrite, or anhydritic limestone/dolomite. They also report a

conformable contact with the overlying Souris River Formation in the
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central part of the basin and a disconformable-erosional contact in

parts of northeastern Montana.

A subsurface study of the Dawson Bay Formation was conducted by
Lane (1959) in the Regina area of Saskatchewan. He was able to discern
six members based on distinet lithologic and faunal content. Lane's
(1959) major contribution to the understanding of the Dawson Bay
Formation was the recognition of bituminous, peloldal, gastropod
containing limestones above the stromatoporoid limestones, but below
the anhydrite. 1In addition, Lane deseribed the Hubbard Evaporite as
capping the Dawson Bay in Saskatchewan.

Edie (1959) studied Baillie's data (Baillie, 1953, 1955), and new
core from central Saskatchewan. He delineated three regional
depositional environments in the upper 15 m (50 ft.) of the Dawson Bay
carbonates: lagoon, open marine shelf, and basin margin, The open
marine shelf deposits contain stromatoporoid patch reefs, or shoals,
with associated crinoids, brachiopods, and rare gastropods. Sueresic
dolomites and dense limestones interfinger with the patch reefs. The
basin margin deposits have increased argillaceous content, dark-shale
partings, brachiopods, and erineid ossicles. The crinoids were
interpreted to have been swept in and are not indigenous’(Edie, 1959).

In 1961 the North Dakota Geological Soclety convened a meeting of
the Williston Basin Devonian System Committee. The depth below the
Kelly bushing interval, of 3368 m to 3405 m (11,052 feet to 11,173
ft.), in the Mobil Producing Company's Birdbear No. 1 well (NDGS #793)
was designated the referepce section for the Dawson Bay Formation in
North Dakota (NDGS, 1961) (Figure 4).

Ballard (1963) mapped the Dawson Bay Formation in the eastern half




15

GAMMA RAY RESISTIVITY

FORMATION

i

BURR
MEMBER

SECOND RED BED
MEMBER

RAIRTIE

l)

Figure. 4 Illustration of North Dakota Dawson Bay Formation reference
section wire-line log from North Dakota Geological Survey
well #793, Mobil Producing Company, No. 1 Birdbear, SEl/4
NWl/4, S.22, T.149N., R.91W., Dunn County (NDGS, 1961).
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of North Dakota. He recognized a lower argillaceous member and an
upper carbonate member consisting of finely crystalline to

microcrystalline, porous, dolostone or limestone. Ballard desecribed

the uppermost beds as either anhydritic dolostone/limestone or bedded
anhydrite. He noted that the Souris River Formation conformably
overlies the Dawson Bay Formation except near the eastern limits of the
Dawson Bay Formation in North Dakota where the contact is
unconformable. He measured a maximum Dawson Bay Formation thickness of
52m (170 ft.) in the study area. BHis isopach of the Dawson Bay
Formation reveals thinning over the Cavalier High in Cavalier County,
several other isolated areas of thinning and thickening, and a few
contour irregularities that he attributed to Precambrian basement
topography.

Anderson and Hunt (1964) constructed Devonian formation isopach
maps for north-central to eastern North Dakota ineluding a Dawson Bay
Formation isopach. In several formations above the Prairie Formation
they recognized areas of variable thickness along the zero-thickness
edge of the Prairie salt isopach, which they interpreted to be
indicative of occasional basement movements with subsequent salt-
solution due to fluids moving along the resultant fractures.

Dawson Bay Formation core was studied by Dunn (1975) from the
Saskatoon area of Saskatchewan. He found that, in his area of study,
the Dawson Bay rests disconformably on the Winnipegosis in the absence
of Prairie evaporites, whereas the contact with the overlying Souris
River Formation is transitional and conformable.

Devonian rocks of the Lake Winnipegosis-Lake Manitoba outerop belt

in Manitoba were studled by Norris and others (1982). They identified
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four Dawson Bay Formation rock units. 1In asceﬁding order they are the
Mafeking member (A), and members B, C, and D (Figure 2). The Mafeking
member 1s the equivalent of the argillaceous Second Red Bed. The term
"Mafeking" was first used by Crickmay (1954). The recognition of the
calcareous shale and argillaceocus limestone beds of member C are
significant, in that, they correspond to a high resistivity deflection
on wire-line logs in the Williston Basin (Figure 4).

Dunn (1982) formally defined three members of the Dawson Bay
Formation in type wells in Saskatchewan. In ascending order they are
the Second Red Bed, Burr, and Neely members (Figure 2). Locally the
Dawson Bay 1s capped by a fourth member, the Hubbard Evaporite. Dunn
(1982) reports that the Second Red Bed member is a dolomitic mudstone
which is disconformably overlain by the Burr member. Lithologically
the Burr member consists of thin, laminated bituminous limestones;
overlain by thin, unfossiliferous calcareocus dolomltes; followed by
thick limestones with abundant hardgrounds, crinoid ossicles, corals,
and small brachiopods. Dunn (1982) deseribes the Neely member as a
thin unfossiliferous and arglllaceous limestone overlain by a thick
bituminous limestone containing gastropods, stromatoporoids, corals,
and large shelled brachiopods. The Neely member is reefoid, capped by
algal-mat dolomite and anhydrite, and has a disconformable lower
contact. Dunn (1982) reports that the Neely member is locally capped
by the Hubbard Evaporite member.

In summary, acceptance of the stratigraphic position of the Dawson
Bay Formation within the Devonian of the Williston Basin has remained
unchanged since Bailllie (1953) first named it. The name "Second Red

Bed" has been widely accepted by subsequent researchers for the basal
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argillaceous unit of the Dawson Bay. Crickmay (1954) did propose that
the basal Dawson Bay argillaceous unit be named the "Mafeking member",
but only Norris and others (1982) have since used the name (Figure 2).
Walker (1957) deseribed the Dawson Bay carbonates but did not propose
formal subdivisions.

Since the work of Walker (1957), Dawson Bay studies have attempted
to subdivide the carbonate unit into members on the basis of lithologie
character and faunal evidence. Lane (1959) proposed informal member
names for the carbonate portion of the Dawson Bay as did Norris and
others (1982). However, in both studies the subdivisions used are
based upon local formation character and may not be entirely applicable
basin wide.

Dunn's (1982) contribution of formal member subdivisions and names
for the Dawson Bay is largely functional throughout the Williston Basin
(Figure 2). Adequate loeal characterization of the carbonate unit of
the Dawson Bay Formation may require the use of smaller subdivisions
such as lithofacies.

The Burr member as described by Dunn (1982) is similar to the
locally arglllaceous, bituminous, echinoderm and brachiopod carbonates
in Lane's (1959) DB-2 member, Norrils and other's (1982) member B, and
lithofacles B of this study (Figure 2).

The DB-3 member in Lane (1959), member C in Norris and other's
(1982), and upper lithofacies B in this study are all similar in
lithologie and faunal character to Dunn's (1982) basal Neely member
argillaceous carbonates (Figure 2). This argillaceous zone appears as
a distinctive resistivity deflection throughout the Williston Basin

(Figure 3).
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A stromatoporoid carbonate interval, whicﬂ occurs immediately
above the arglllaceous carbonate unit throughout the Williston Basin is
equivalent to the DB-4 member in Lane (1959), member D in Norris and
others (1982), the middle Neely member in Dunn (1982), and lithofacies
€ in this study (Figure 2). This stromatoporoid zone 1s present
throughout the Williston Basin. Norris and other's (1982) state that
the stromatoporold carbonate zone caps the Dawson Bay Formation in the
northern Manitoba outerop area. They do not, however, suggest loss of
the stratigraphically higher lithofacies by erosion.

Locally recognized in this study is a gastropod-ostracoed-
brachiopod-echinoderm lithofacies D above the stromatoporoid zone
(Figure 2). This lithofacies has not been delineated by previous
workers and may represent a transition from the stromatoporoid zone to
the DB-~5 member in Lane (1959) and peloidal, carboniferous, gastropod
and ostracod limestone/dolomite Lithofacies E of this study (Figure 2).
Dunn (1982) does, however, describe the occurrence of a zone of fossils
above the stromatoporoids in his Neely member which may be equivalent
Lithofacies D in this study.

According to Dunn (1982), the top of the Neely member consists of
anhydritie eryptalgal laminations in Saskatechewan. In contrast,
lithofacies F, composed of dolomitie eryptalgal laminations with loecal
replacive massive anhydrite at the top, in this study locally caps the
Dawson Bay Formation in North Dakota (Figure 2).

Based on available core, the contact between the Dawson Bay
Formation and the overlying Souris River Formation 1is conformable in
North Dakota except in Cavalier and Bottineau Countiles. The basal

Dawson Bay Formation in North Dakota rests disconformably on the
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Interlake, Winnipegosis, and Lower Prairie Forﬁations according to
Anderson (1974). Anderson and Hunt (1964) reported the Dawson Bay
Formation in North Dakota to rest conformably on the upper evaporite
portion of the Prairie Formation where dissolution has not removed the
evaporites (Figure 1).
According to both Lane (1959) and Dunn (1982) the Hubbard

Evaporite caps the Dawson Bay Formation in their Saskatchewan study

area (Figure 2).

Previous Paleontological Studies

Baillie (1953) placed the then unnamed Dawson Bay Formation in the

Stringocephalus brachiopod zone whieh is accepted as Middle Devonian in

age. Balllie (1953) also identified Renalycis algae in his North
Dakota core deseriptions.

The fauna of the Dawson Bay Formation were studied in Manitoba by
MeCammon (1960). Collecting was done on the shores and islands of
Dawson Bay on Lake Winnipegosis in northern Manitoba. McCammon
subdivided the Dawson Bay on the basis of brachiopod zones. The
lowermost Spinatrypa Zone contains numerous dwarfed species. Fauna

inelude: Spinatrypa, Atrypa, Productella, Pelecypoda, trilobites, and

fish fragments. Upsection in the Schizophorla lowensis Zone fauna

inelude Schizophoria iowensis, dendritie corals, Atrypa, Pelecypoda,

and ecrinoid stems. The Atrypa bremerensis Zone, further upsection, is

aerially the most extensive brachiopod zone. Atrypa bremerensis Zone

fauna inelude: Atrypa, Pelecypoda, Gastropoda, Spinatrypa, corals,
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cephalopods, and fish fragments. The uppermost brachiopod zone is the

large shelled Atrypa snakensis Zone in which fauna inelude: Atrypa,

pelecypods, and corals. MeCammon notes that the reefold zone and the
stromatoporoid zone reported at the top of the Dawson Bay Formation in
the subsurface cores by Baillie (1953, 1955) were not definitely
identified in her outerop study although stromatoporoids were
identified.

MeCammon (1960) concluded, based on faunal evidence, that the
Dawson Bay Formation is Middle Devonlan in age and faunally unrelated
to the earlier Winnipegosis Formation. This conclusion is
contradictory to that of Sandberg and Hammond (1958) who had considered
the Dawson Bay fauna to be related to the Winnlpegosis fauna. McCammon
found that Dawson Bay fossils are closely related to those in the Cedar
Valley Formation in Iowa, Illinois, and Minnesota, possibly those in
the Milwaukee dolomite of Wisconsin, and those in the William Island
Formation of James Bay, Canada. Norris and others (1982) expanded on
the faunal identifications and suggested correlations of the fauna in
northern Manitoba, done by MeCammon (1960), to additional locations
outside of their study ares.

Kent (1967) cites the Givetian age (upper Middle Devonian)

Stringocephalus, Geranocephalus, and Atrypa brachiopods found within

the Dawson Bay Formation on his "Blostratigraphic Correlation Chart"
for Manitoba and Saskatchewan outerops and subsurface cores.
The Dawson Bay was also dated as being of Givetian Age by Dunn

(1975) on the basis of Stringocephalid brachiopods and conodonts

associated with stromatoporoids. Dunn (1982) found that crinoid

ossicles, corals, and small brachiopods characterize the Burr member,
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whereas gastropods, occasionally reefoid stromatoporoids, corals, and

large shelled brachiopods typify the upper Neely member.

Hydrocarbons

The porous nature of the "Lower Manitoba" (Dawson Bay Formation)
dolomite with occasional capping evaperites was reported by Andrichuk
(1952). Bitumens were reported present in the Dawson Bay by Baillie
(1953). Sandberg and Hammond (1958) reported that the shelf facies of
the carbonate member of the Dawson Bay Formation produced oil in Shell
01l Company's No. 22-25-B-NP and No. 21-33-B-NP wells (Sec. 25 and 33,
Twn.22N., Rnge.U8E.) in the Richey Field of MeCone County, Montana,
along the Cedar Creek Anticline. They suggested the occurrence of
additional petroleum along the Cedar Creek Anticline (Figure 3) and
proximal to other anticlines in the Williston Basin. Sandberg and
Hammond (1958) also noted the erosional dissipation and remigration of
most Devonian petroleum accumulations due to post-Devonian uplift and
tilting. 1In particular, they consider the more disturbed Central
Montana uplift area (Figure 3) to have less productivity potential and
Suggest that the marginal facies of the Dawson Bay Formation have
excellent reservoir characteristics and bitumen content that would
Provide a faunal source for indigenous oll. Sandberg and Hammond
(1958) state that the basimal facles might serve as a source for
hydrocarbons, but it has poor reservoir porosity.

Attenuation of the Dawson Bay Formation in southwestern

Saskatchewan may offer the prospect of stratigraphiec traps according to
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Walker (1957). He also suggested that localized selective diagenesis
may have resulted in porosity and permeability barriers.

Edle (1959) studied Dawson Bay core in central Saskatehewan and.
found that the originally extremely porous and permeable upper Dawson
Bay carbonates were mostly filled with secondary halite and
occasionally anhydrite, but was uncertain of the time of halite and
anydrite emplacement. Edie, however, considers the dark-gray shaley
beds of the lower Dawson Bay to be the possible source rocks for oil
accumulation in the carbonates of the upper Dawson Bay. 1In addition,
he reported the occurrence of minor tarry (black and brown oil)
staining in a number of wells in central Saskatchewan. He believed
that i1f oil is present in the Dawson Bay Formation in his study area it
would be in the pateh reef and sucrosic dolomite facies associated with

structural highs.

According to Lane (1959) the porosity and permeability of the

Dawson Bay Formation in Southeastern Saskatchewan 1is controlled by
these four main factors: (1) 1lithologiec character, (2) dolomitization,
(3) inf1lling of primary and secondary porosities by secondary halite
7?‘ or anhydrite, and (4) fractures resulting from solution removal of

1 underlying Prairie evaporites. Lane precludes petroleum reservoirs

from areas underlain by Prairie evaporites. He suggests that in areas

not underlain by the Prairie evaporites, eryptocrystalline limestone
occurs in the upper portion of the lower half of the carbonate section
which could act as a seal. Lane (1959) states that the bituminous
shales and partings presen@ in the upper carbonate rocks may constiltute
Source rocks, but the updip surface exposure of the Dawson Bay

Formation in northern Manitoba and the fracturing of impermeable beds,
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especially along the Manitoba Shelf margin (Figure 1) where there is a
marked decrease in regional dip, probably has allowed the escape of an§
hydrocarbons. |

Petroleum possibilities within the Devonian of North Dakota were
suggested by Anderson (1963). He predicted the migration of
hydrocarbons away from the Nesson Anticline in an updip direction
toward the edges of the basin. Anderson cited cross-sectional evidence
for a reversal in dip aeross areas affected by solution removal of the
evaporite portion of the upper Prairie Formation with subsequent
collapse of the overlying lithologles. He suggested that these
reversals in dip may form traps.

Ballard (1963) reported excellent porosity in the Dawson Bay
Formation in the subsurface of North Dakota. He suggested that good
porosity coupled with Dawson Bay production elsewhere 1in the Williston
Basin may suggest the potential for hydrocarbon production in North
Dakota. Ballard suggested that pinchouts such as occur proximal to the
Foster High in Foster County may result in stratigraphic traps.

The entire edge of the Prairie Evaporite (Figure 1) immediately
below the Dawson Bay Formation in North Dakota may have undergone
solution ereating reverse-dip structural traps as a result of collapse
of overlying lithologies (Anderson and Hunt, 1964). Isopachs of the
Prairie Evaporite and upsection formations indicate that the salt edge
1s locally crenulated. Anderson and Hunt also stated that hydrocarbon
residue within fractures indicate that migration occurred after or
continued following collap;e—fracturing.

According to Bannatyne (1981), core studies in the Dawson Bay area

of northern Manitoba indicate that halite dissolution ocecurred in post-
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Souris River time and that the solution removal of Prairie Evaporites
resulted in the draping of overlying beds over Winnipegosis reefs and
subsidence in the inter-reef basins.,

Dunn (1975) described severe collapse brececiation in the Dawson
Bay due to salt dissolution resulting in the formation of kilometer-
gized depressions and vertiecal fracturing with subsequent anhydrite or
nalite annealing associlated with smaller cavities. He also stated that
twenty "meters" of oil and salt water cut mud were recovered from a
drillstem test in the reefold upper Neeley member in Neumann No. 12
well in southeastern Saskatchewan, 15 kilometers (9.5 miles) north of
Renville County, Nor£h Dakota. According to Dunn (1982) stratigraphic
traps are unlikely in Saskatchewan because of the lateral continuity of
the Dawson Bay Formation. However, he suggested that cryptocrystalline
dolomites associated with evaporites throughout the Williston Basin may
in places form a seal to upward migrating hydrocarbons. He believes
structural traps are more likely within the Dawson Bay and cites
structural contour evidence for synclinal features in the Cononach,
Hummingbird, and Estevan areas of the northern Williston Basin in
Canada. Dunn states that hydrocarbon entrapment within the upper Neely
member took place before halite plugged the porosity. Petrographic
evidence that the halite is locally bituminous is interpreted by Dunn
(1982) to mean that the halite had to have precipitated around
hydrocarbons that were already present.

Dean (1982) reported on the hydrocarbon potential of the Dawson
Bay Formation in northwestern North Dakota. She stated that the first
Commercial oil and gas production from the Dawson Bay in North Dakota

Was from the Northwest Exploration #1 Rye well in the Temple Field of




26

williams County. This discovery well was followed by the location of

another pool in the Long Creek Field of Williams County.

According to Dean's isopach map, the thickness of the Dawson Bay

Fermatlon decreases in the vicinity of Temple Field along a northwest-

southeast trend whiech cuts dlagonally across the north-south oriented

Nesson Anticline. Dean's strueture map of the top of the Dawson Bay

places the Temple Field on an antieclinal nose paralleling the Nesson

Anticline and her net-porosity map places the Temple Field within one

of several northwest-southeast trending net-porosity highs. Dean

(1982) stated that production 1s controlled by an updip porosity
pinchout on an anticlinal nose paralleling the Nesson Anticline. She

cautioned that halite infil1l of porosity can be discerned on logs, but

the same technique 1s unreliable for partial infilling by halite. Dean

suggested that drillstem or production testing provided the most

reliable evaluation tools in the area of her study.




PETROGRAPHY

Core of the Dawson Bay Formation from twelve North Dakota wells
was studied megascopically and miecroscopically. Investigative
techniques inecluded inspection by hand-lens, reflected light
microscope, polarizing light microscope, and scanning electron
microscope. X-ray and mlcroprobe analysis were also utilized. The
followlng petrographic categories of primary lithologlc components were
recognized: mineralogy, lithology, orthochemical components,

allochemical components, and struectures.

Mineralogy

Caleite: Total caleite abundance in the entire core was visually
estimated to be 40-60%. An average range of abundance of 60-100% was
estimated for caleite when it was present. Most commonly caleite
oceurs as micrite (Figures 5 and 6). Bioclasts are commonly comprised
of caleite (Figures 6 and 7), however, intraclasts very rarely contain
Primary caleite. Secondary calecite cement generally comprises less
than 5 4 of the core. Sparry caleite cement locally fills moldic pores
in the upper Dawson Bay carbonates (Figure 8). TIn one location, bloeky
caleite cement approaches 15% of the composition and 0.5 em erystals
line 3 em moldice pores near the base of cryptalgal boundstones. Blocky
caleite cement locally rins or fills Intraparticle pores in
stromatoporoids, as well as moldie, vuggy, fracture, microfracture, and
fenestral pores (Figure 9). Micrite, calecite bioclasts, and calecite
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Figure 5

Photomicrograph of calcite cement and hydrocarbon (A) rimmed ostracod
mold with subsequent recrystallization to pseudospar (B).
Microcrystalline, euhedral to anhedral, dolomite rhombs disseminated in
micrite matrix. (lithofacies E, NDGS well #1403, T.S. 10,653', crossed-
polars, long field of view equals 4 mm)

Figure 6

Core photograph of articulated brachiopod forming shelter porosity (4).
Mierospar replaced mierite forms geopetal structure (B). Fractures (C)

and vugs (D) are present in micrite matrix. (lithofacies C, NDGS well
#36, 1642.8')
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Figure 7
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Core photograph of stac
composition. Tabylar s of coral (B) to the
right of the scale, C, NDGS well #37, 2343.5')

Figure 8

Photomicrograph of mold filled by sparry caleite cement (4). Opaque
radial bleb (B) 1s pyrite

+ (lithofacies C, NDGS well #207, T.S. 4591,
crossed-polars, long field of view equals 0.2 mm)

B
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» NDGS well #7877, T.S. 10,649", cerossed-polars, long

Figure 10

Photomicrograph of mi rospar (A4) re
(1ithofacies C, NDGS well #2153'
equals 3 mm) N

placing peloidal (B) micrite.
sy crossed-polars, long field of view
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cement may recrystallize 4@ neomorphic microspar and/or pseudospar.
Neomorphic calecite usuall% comprises less than 5% of the Dawson Bay
core (Figures 10 and 11).

Dolomite: Total dolo@ite'abundance in the entire core was
visually estimated to be 4@—60%. An average range of abundance of
40-100% was estimated for bolomite when it was present. Dolomitization
occurs throughout the core*but is most abundant where associated with

eryptalgal boundstones, orlextensive brecciation. Euhedral rhombile
erystals occur frequently &ithin the study area, although locally,
i

anhedral dolomlte rhombs aﬁe common. Microerystalline to finely-
\

\

erystalline rhombs are comﬂ@n throughout the study area (Figures 9 and
11). Medium to cqarsely-cn&stalline dolomite rhombs are locally

|
present associated with vug%y, fracture, moldie (Figure 9), and
mierofracture pores, as wel@ as microstyolites. Dolomitation adjacent
te fractures and microfract%res is often pervasive and extensive
(Figures 12). Dolomite rho%bs very-commonly occur disseminated in

primary mierite matrix and &ithin biloelasts (Figures 13). Bioclast

embayment by dolomite rhomb% 1s common. With rare exception cryptalgal
boundstones are completely %¢lomitized, although nodular and bedded
massive anhydrite have localhy replaced the early mlerocrystalline
dolomite. The extent of dolFmitization is quite variable in the Dawson
Bay core. ‘

Anhydrite: Total anhyd%ite abundance in the entire core was
Visually estimated as less t#an 5%. A range of abundance of 2-100% was
estimated for anhydrite whengit wés present. Anhydrite is most

i

!
commonly found assoclated with cryptalgal laminations, or associated

with fracturing in areas und%rlain by Prairie evaporites. The most
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% Figure 11
radial-axial fibrous pseudospar (A) rimming

in a finely-crystalline, moasic dolomite, matrix.
) replaces the bloelast Internally and dolomite
clast. (lithofacies D, NDGS well #1403, T.S.

ars, long field of view equals 1.2 mm)

! Figure 12

vertlcal fractures (A) in microcrystalline

) are healed by very-finely-crystalline dolomite
pntal to irregularly oriented Type II

roughout core. (lithofacies C, NDGS well #7877,
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Figure 13

Photomicrograph ofl microcrystalline dolomite rhomb
bryozoan (B) in dolomitic matrix.
4623, erossed-pol

(A) embayment of
(lithofacies B, NDGS well #207, T.S.
prs, long field of view equals 1.2 mm)

Figure 14

Photomicrograph of bladed anhydrite (A) f11lin
finely-crystalline ddlomite matrix. (1ithofaeti

g fracture and replacing
6264, crossed-polarg, long field of

es B, NDGS well #38, T.s.
view equals 1.2 mm)
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1. the core 1s that of 0.5 mm-1.0 cm bladed

bn of individual laths is common, although

10cally they are tightly féated in fractures, microfractures, and

nodular vugs (Figures 14 and 15).

fractures associated with

Lecally in Bottineau County,

the solution edge of the Prairie evaporites

are fllled with felted bladed anhydrite and comprise 80% of the core

(Figure 15). In this occur

by X-ray diffraction. Anhy
adjacent to felted, bladed
dolomite clasts (Figures 1}
occasionally coalesce to fq¢

Locally, along the maj

location in north-central 1

carbonates and displaces n¢

rence the presence of anhydrite was verified
rhrite occasionally replaces dolomite
anhydrite and commonly results in "floating"
} and 15). Bladed anhydrite laths

brm 1 mm to 3 em felted nodules.

~gins of the Dawson Bay Formation, and in one

Bottineau County, anhydrite replaces

pn-carbonate materials in cryptalgal

boundstones. A 9.6 m (31.$*ft.) interval of replaced and displaced

boundstone layers is present in west-central Cavalier County; a 1.8 m

(6 ft.) interval in north-¢entral Bottineau County; and a 15 em (0.5

ft.) interval in southeastérn Williams County.

anhydrite occur in these replacive anhydrite intervals.

1s that of argillaceous em
whlch are displaced and reg
of anhydrite is termed "sti
others (1969)(Figure 16).

mosale anhydrite" (Maiklem
Subhorizontal layers of ir:
(Figure 17). |

Each mass is

Occasionally, identifiable

Several types of
One occurrence
rptalgal laminations in a dolomltie matrix

blaced by anhydrite lath growth. This form

reaky laminated anhydrite" by Maiklem and
Another type of anhydrite present is "bedded
and others, 1969), which consists of 1-3 cm

regular masses of microcrystalline anhydrite

separated by relict argillaceous dolomite.

anhydritic cryptalgal laminations are
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Figure 15

Core photograph. |Felted anhydrite (A) filling fractures in collapse
brececia and replag¢ing microerystalline dolomitic matrix (B).
(lithofacies B, NDGS well #38, 6230.5')

Figure 16

Core photograph. Entire core com

posed of "streaky laminated anhydrite"
replacing eryptalgal boundstone.

(lithofacies F, NDGS well #37, 2310')

. ek
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Figure 17

Core photograph. Entire core composed of "bedded mosaic anhydrite"®

replacing eryptalgal boundstone and microcrystalline dolomite.
(1ithofacies F, NDGS well# 37, 2307.6")

Figure 18

Core photograph of "nodular anhydrite" (A) and "distorted bedded -
nodular anhydrite" (B) replacing eryptalgal boundstone and
microcrystalline dolomite. (lithofacies F, NDGS well #37, 2299')
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present in these replacive sections. BReplacive anhydrite 1s sometimes
capped by subhorizontally oriented and irregularly shaped nodular
anhydrite. Coalesced nodular anhydrite occaslonally forms "distorted
pedded nodular anhydrite" according to Maiklem and others (1969)
(Figure 18).

Sparry bladed anhydrite f1lls, or partially fills, subvertical
fractures in areas underlain by Prairie evaporites (Figure 14). These
anhydrite-filled fractures are the youngest present in these localized
areas of multiple-fracturing.

Clay (insolubles): Siliciclastic eclays are visually estimated to

make up less than 3% of the minerals present in thin-sections studied
and less than 4% of the entire core. Clay minerals are abundantly
disseminated throughout the carbonate matrix, but are locally
concentrated by pressure-solution into subhorizontal, wispy laminae
(Figure 19). In the uppermost carbonates, oxidized red clay is
associated with cryptalgal laminations, and comprises up to 10% of the
core (Figure 20). In west-central Cgvalier County, an anomalous 0.5 m
thick trilobite-bearing, black shale is present within a eryptalgal
boundstone and mudstone interval. Local concentrations of light-green
(10Y8/1) clay are also present along oxidized dolomudstone surfaces in
Cavalier County. X-ray analysis and color suggests that it is the
iron-rich smectite, nontronite.

Hematite: The hematite abundance in the entire core 1s visually
estimated to be less than 1%. A less than 30% abundance was estimated
for hematite when it is present in the core. The greatest
concentrations (10-30%) were associated with eryptalgal laminations in

Cavalier County (Figure 20). Most commonly hematite is disseminated in

e AR G




45

Figure 19

Core photograph of argillaceous and bituminous subhorizontal Type II
microstyolites (A) with gastropods (B) in mudstone. (lithofacies D,
NDGS well #793, 11,056.8")

Figure 20

Core photograph of color-mottled, argillaceous, hematitie cryptalgal
boundstone (A4) in diffusely color-mottled and laminated
mierocrystalline dolomite (mudstone). (lithofacies F, NDGS well #37,
2322.2') .
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the matrix or concentrated proximal to pores. Although oxidized
nematite predominates, the reduced state is common.

Pyrite: Pyrite abundance in the entire core was visually
estimated to be less than 1%. A less than 3% abundance was estimated
for pyrite when 1t was present. It is commonly disseminated in
dolomitic gastropod-bearing mudstones. Local concentrations occur
proximal to pores (Figure 8), or associlated with pressure-solution
features, bitumens, or anhydrite laths.

Halite: The halite abundance in the entire core was visually
estimated to be less than 1%. An average abundance of (1-4%) was
estimated for halite when it was present in the core. However, the
high solubility of hallite often results in its dissolution duringAthe
well-drilling process and subsequent sample preparation. Halite loss
during slabbing was minimized through the use of antifreeze (ethylene
glycol base) as a coolant, although water was used in making thin-
sectlons. Consequently, the visual estimates given for halite may be
inaccurate. Hallte was observed to fill fractures, microfractures,
moldiec-vuggy pores, and pores in dolomite mosaics (Figure 21). 1In
areas underlain by Prairie evaporites, the quantity of halite
diminished upwards away from the underlying evaporites, and was not
observed in Dawson Bay carbonates not underlain by Prairie evaporites
(Figure 1).

Quartz: Quartz abundance in the entire core was considerably less
than 1%. Subangular to rounded silt, and rare, medium sand-sized
grains are present in amounts less than 1% in association with
Cryptalgal laminations (Figure 22). Quartz silt very rarely occurs

disseminated in the carbonate matrix, or assoclated with
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Figure 21

Core photograph of breeccia fractures in-miceroerystalline dolomite (A)
which are partially healed by very-finely-crystalline dolomite (B) and
producing a pseudointraclastie texture. Halite common in all pores and
encrusts core slab upon drying (C). (lithofacies C, NDGS well #7877,
10649.6')

Figure 22

Photomicrograph of angular, medium-sized, quartz sand grain (A) and
two, subrounded, quartz silt grains (B) in microerystalline to very-
finely-crystalline dolomite matrix. Quartz grains associated with
eryptalgal laminations. (lithofacies F, NDGS well #37, T.S. 2300.8',
ecrossed-polars, long fleld of view equals 3 mm)
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microstyolites. A few medium sand-size, quartz particles, and examples
of microspar replacement of grains was observed in thin-section.

Bitumens: Bitumen abundance in the entire core was visually
estimated to be less than 34. A range of 2-20% abundance was estimated
for bitumens when present. Bitumens occur as disseminated, brown-black
colored, organic particulate material and are locally concentrated by
mlcrostyolites (Figure 19). Sizes range from microgranular to very-
fine-grained and irregularly shaped masses.

Hydrocarbons are ineluded with bitumens in the text, but oceur
within pores (Figure 5), or are indiscernable except by ultraviolet
light/chlorothene testing. Pore associated hydrocarbons are black and
adhere to pore walls. Resldual hydrocarbons were observed in Bottineau
and Williams Countiles, and detected by ultraviolet light/chlorothene

testing throughout the study area (Appendix B).

Lithology

The carbonates of the Dawson Bay Formation in North Dakota are
primarily composed of very-fine-¢rystalline to microcrystalline,
dolomitized mudstone and dolomitized wackestone. The occurrence of
mudstone (Figures 12 and 19), wackestone (Figure 23), packstone (Figure
24), and boundstone (Figures 25) is variable vertically, whereas the
rock types are usually less variable laterally. Grainstones are rare
to absent in the studied Dawson Bay core. Some bioelast and rock~-type
assoclations are laterally and vertically persistent allowing

recognition of distinet lithofacies.

.




Core photograph of Stacho
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Figure 23

ydes stromatoporoids (A) in miecroerystalline

dolomite wackestone, (11

thofacies C, NDGS well #27, 2143.5')

Figure 24

Core photograph of Stdchyodes (A) in finely-crystalline dolomite
packstone. (lithofacies C, NDGS well #1231, 10,743.5")
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Figure 25

; Core photograph of tabular stromatoporoid boundstone with subhorizontal

Type I "Sutured-Seam Styolites" (4). (l1thofacies C, NDGS well #31,
17T47.5Y, scale: arrow length = 2.5 en,)

Figure 26

Core photograph of Subspherical stromatoporoid (A) in very-finely-
erystalline dolomite matrix. (lithofacies C, NDGS well #38, 61941
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Orthochems %

Micrite 1s comprised of microerystalline caleite and dominates the

orthochemical constituents of the avallable core (Figure 6). Mierite

comprises 60-100% of the core and 1is present as the matrix between and

within allochems. Mierite also oceurs in amounts less than 1% as the

product of the recrystallization of biloeclasts (diagenesis), and as the

result of dedolomitization proximal to pores (dlagenesis).

Mierocrystalline to medium-crystalline dolomitized micrite, nearly
as common as micrite in the study area (Figures 5, 9, 11, 12 and 13),
composes 2-100% of the core locally and commonly oceccurs as euhedral
rhombs floating within or coalescing within micrite matrix. Medium-~
erystalline dolomite rhombs normally range from 2-40% of the core, and !
predominantly healvfractures or occur In association with §
microstyolites or pores (Figure 9). Medium-crystalline subhedral
rhombs are occasionally present in Williams and Bottineau Counties.
Total replacement of the matrix is not uncommon. Microerystalline
dolomite is present throughout the study area, but predominates in
nmudstones associated with cryptalgal laminations (Figure 20).

Other orthochems locally compose between 0-5% of the total core.
Sparry caleite cement ranges from 0-3% of the core and commonly fillls
Pores (Figure 8). Caleite cement is often associated with calcareous
stromatoporoids. Pseudospar (Figures 5 and 11) and microspar (Figure
10) usually ocecur together and replace micrite adjacent to, and within,

bioclasts. Pseudospar averages 0-5% of the core when present, and

mlerospar averages 0-3%. Pseudospar predominantly occurs as blocky

°rystals, but also as a radlal-axial fibrous and syntaxial replacement
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(Figure 11).

Allochems

Fossils

Bloclasts in the stromatoporoid buildups locally comprise 1004 of
the core, but more commonly 0-40%. Sparry bioclast ghosts,

miceritization of bloclasts, molds, and vuggy-molds (to 3 cm in longest

dimension) are locally abundant. Faunal descriptions of McCammon
(1960) and Norris and others (1982) provide useful references,
particularly for genus and specles identification.

Stromatoporoids: All stromatoporolds studied occur in the middle

of the Dawson Bay carbonate section and are laterally persistent.
Dawson Bay stromatoporoids include cylindrical (Figures 23 and 24),
subspherical (Figure 26), and tabular (Figures 7, 25 and 27) growth-
forms (Read, 1973). Cylindrical stromatoporolds occur throughout the
study area. Stromatoporoids make up less than 5% of the entire Dawson
Bay core. They were visually estimated to represent less than 80% of
the biloclasts, and comprise less than 16% of the core when present.
Cylindrieal stromatoporoids include 0.25-3 mm Amphipora genera (Figure
28) and 6-11 mm Stachoydes genera (Figures 23 and 24). Straight, and
branching, cylindrical stromatoporold forms were observed, and include
the "dendroid" forms of Klovan (1964), Murray (1966) and Fischbuch
(1968), Subspherical stromatoporoids were visually estimated to

comprise less than 90% of the fossils in the Dawson Bay Formation core
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Figure 27

Core photograph of fragmented tabular stromatoporoid boundstone layers
(A) which grade upward into oxidized Stachoydes packstones (B). Type I
"Sutured-Seam Styolites" (C) separate the fragmented boundstone from
the wackestone. (lithofacies Cy NDGS well #31, 1770')

Figure 28

Photomlerograph of an Amphipora stromatoporoid (A) in a bituminous and
arglllaceous Type II microstyolite swarm. (lithofacies C, NDGS well
#1231, 10738', crossed-polars, long field of view equals 4 mm)
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(Figure 26), and represent less than 18% of the core when present.

Measured long-axis lengths range from 2-8 cm. Subspherical forms

display arcuate laminae. Fischbuch (1968) describes subspherical

stromatoporoids as "dome-like", "subspherical", and "hemispherical®,
The terms, "massive" and "bulbous", have been used by Murray (1966) to
describe subspherical forms. Tabular stromatoporoids locally comprise
100%, although more frequently, they comprise less than 30% of the core
(Figures 25 and 27). The occurrence of tabular forms in the study area
is more restricted than that of other stromatoporoid forms. Tabular
stromatoporolds often occur in biloeclastic wackestones, but loeally
occur in boundstones. Tabular stromatoporoids, which grew on

underlying strata, locally appear as 1-10 cm thick, flat laminae. A

single example of vertically-stacked growth predominating over that of
lateral growth was observed (Figure 7). Embrey and Klovan (1971)
termed the tabular growth-form of Read (1973), "massive", and defined
it as laterally extensive colonies thicker than 5 cm.

Brachlopods: Brachiopods are a common Dawson Bay Formation
constituent in North Dakota (Figure 6). They are absent only in the
uppermost carbonates. Brachiopods make up less than 1% of the entire

core. Thelr presence in the carbonates locally ranges from 2-100% of

the fossils, and 0-30% of the core. Brachiopod form is primarily
fragmental, but articulated and disarticulated' forms are occasionally
pPresent with valves intact. Brachlopod spines are sometimes abundant
where brachiopods occur. Numerous whole brachiopods with spiral

brachidium (Figure 29) were observed in the middle of the carbonate

section.

Echinoderm: Echinoderm fragments make up less than 1% of the
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Figure 29

Core photograph of brachiopod with spiral brachidium (A4) in biomlcrite,

Gray areas are oxidized hematite (B). (lithofacies C, NDGS well #36,
1649')

Figure 30

Photomicrograph of syntaxial pseudospar (A) overgrowth of echinoderm
plate (B) in dolomitic micrite matrix. (lithofacies C, NDGS well #36,
1652', crossed-polars, long fleld of view equals 3 mm)
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entire core. Echinoderms comprise 0-25% of thé bioclasts, and 0-20% of
the core, when present. Disarticulated (fragmental) echinoderm plates
jocally comprise 100% of all Dawson Bay Formation fauna in the study
area (Figure 30). Articulated echinoderm plates are very rarely
present. Echinoderm fragments range in size from 0.5-5 mm in longest
dimension and are usually absent in the uppermost carbonate section.
The fragments are occasionally concentrated in subhorizontal layers by
pressure-solution. Mieroscopic inspection revealed oceasional
zicritization of the optically continuous echinoderm plates.

Ostracods: Ostracod abundance in the entire core is less than 1%
(Figure 5, 31 and 32). Ostracods locally comprise 100% of the
bioclasts, although they more commonly make up less than 40% of the
bioclasts. The percentage of ostracods in the core inereases upward
from the base of the carbonate section although a complete absence
usually occurs at the top of the section throughout the study area.
Maximum ostracod long-axis lengths average less than 1 mm, with most
Dawson Bay ostraceds in North Dakota ranging from 0.25-0.75 mm.
Articulated and disarticulated molds are common.

Gastropods: Univalved and colled whole-gastropods comprise less
than 14 of the entire core, but locally 0-18% of the core. Gastropods
comprise 20-100% of the Dawson Bay fauna in the study area (Figure 19
and 32). 1In general, their percentage increases upward after an
initial localized abundance near the base of the carbonate section.
Gastropod fragments were generally unidentifiable. Whole gastropod
Valves were measured along their long-dimension and an apparent size
bimodality was observed with either 0.1 em or 0.5 ecm average sizes.

Blue-green algae: In the uppermost Dawson Bay, cryptalgal
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Figure 31

Photomicrograph of ostracod in micritic matrix. (lithofacies B, NDGS
well#37, T.S. 2363', crossed-polars, long field of view equals 0.5 mm)

Figure 32

Photomlerograph of pyrite (A) replaced gastropod shell with ostracod
(B) and brachiopod (C) fragments in mierite matrix. (lithofacies D,
NDGS well #793, T.S. 11,060.5', crossed-polars, long field of view
equals 4 mm)
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jaminations of relict blue-green algae comprise 160% of the fossil
~ecord and 0-30% of the core (Figure 20). In the study area blue-green
algae comprise less than 2% of the entire core and less than 5% of the
pioclasts in the core. Clay, quartz silt, and oxidized hematite are
closely assoclated in subhorizontal laminations (Figure 22).
individual laminations average 0.5 mm in thickness with multiple
lamination groupings reaching a maximum thickness of 7 cm within a
dolomite matrix. Cryptalgal laminations display subhorizontal
erenulations with millimeter-to-centimeter scale angular
unconformities, subhorizontal ("laminoid" of Grover and Read, 1978)
fenestral fabrie, dessication cracks, and intraclasts of eryptalgal
composition.

Anthozoans: Tabulate (Figure 33) and rugosan (Figure 34) coral
abundances in the entire core are less than 1%. Corals comprise 0-50%
of the fauna In the middle of the c¢arbonate section and comprise 0-10%
of the core when present. Solitary forms have 1.0 cm average
diameters. The average zooecium diameter for both branching colonial
and solitary corals is 1.0 mm.

‘Bryozoans: Lacy, encrusting forms of bryozoans with less than 0.5
M zooecia are very local occurrences which are usually associated with
stromatoporoids (Figure 13). Bryozoans make up less than 1% of the
entire Dawson Bay core. When they are present bryozoans comprise less
than 90% of the bioclasts. They are most commonly absent, but comprise
0-17% of the core when present.

Trilobites: Whole and fragmental trilobites are present
throughout the carbonate unit (Figure 35). Trilobites are found in

less than 1% of the entire core. They comprise less than 15% of the
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Flgure 33

Photomicrograph of tabulate coral displaying neomorphic
recrystallization of corallite walls to radial-axial pseudospar (A),
Micrite within zooecia have similarly been recrystallized to microspar
(B). (lithofacies C, NDGS well #207, T.S. 4615', crossed-polars, long
field of view equals Y4 mm)

Figure 34

Photomicrograph of rugosan coral displaying microcrystalline to finely-
crystalline, euhedral, dolomite rhombs (A) rimming Intraparticle pores.
(lithofacies C, NDGS well #27, 21771', erossed-polars, long field of
view equals U4 mm) ’







Figure 35

re photograph of trilobite (A) in wackestone. (lithofacies C, NDGS
@hye1l #207, T.S. 4594')
=
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Figure 36

Erotonicrograph of rounded intraclasts (A) of fragmental brachiopod,
#elold, and mierite composition. Microspar (B) has preferentially
Bccrystallized bioclasts within intraclasts and micritic matrix.
8lithofacies D, NDGS well #27, T.S. 2137', crossed-polars, long field
B view equals 3 m)
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pioclasts and 0-2% of the core when present. The maximum transverse

dimension of whole trilobites averages 0.5 cm. Characteristic
nshepard's crooks" are seen in thin-section.

Calcispheres: The presence of calcispheres is limited to the

lower and middle carbonate section where they make up less than 10% of
the bioclasts and less than 1% of the core (Figure 11). Their average

diameter is 0.2 mm, and a maximum calcisphere diameter of 0.5 mm was
observed in thin-section.

Red algae: Red algae comprise less than 1% of the entire core.
Very locallzed occurrences comprise 100% of the fossils present,
although a 0-1% range is more typical. The diameter of thelr cellular
structures are less than 1.0 mm. Renalysis red algae may be present.

Cephalopods: A single cephalopod fragment was observed in the

middle of the carbonate section. The fragment measures approximately 1
em x 2 cm. Cephalopods comprise less than 1% of the Dawson Bay
bioclasts and core.

Unldentified fossil fragments: Fragmental bioclasts are present

throughout the entire Dawson Bay core in amounts less than 5%. They
occasionally constitute 100% of the fossils, but more typlcally range

from 0-40%. Their sizes range from sub-millimeter to centimeter scale.

Intraclasts

Intraclasts of 1.0 mm to, 10 mm maximum dimension comprise less
than 1% of the entire Dawson Bay cbre. They generally comprise less

than 10% of the core where present (Figure 36). Locally intraclasts
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make up 80% of the allochems present. Subhorizontal orientation of
intraclasts is common with occasional irregular orientation. Shapes
range from subangular to rounded., Intraclast composition usually
reflects surrounding lithologies and usually consist of bioclastie,
dolomitized, micrite. One loeal group of intraclasts contain
cryptalgal laminations, ripple laminations, soft-sediment deformation

structures, centimeter-scale angular unconformities, and ostracod

bioclasts.

Peloids

Rounded to subrounded pelolds occasionally occur within mieritie
mudstone matrix, or in associlation with cryptalgal laminations.
Pelolds comprise 0-10% of the entire core and locally less than 35%.

Peloids in the Dawson Bay range in size from 0.03-0.15 mm, are of

mieritic composition, and are without internal structure (Figure 10).

Struetures

Local sedimentary structures within available Dawson Bay core
inelude: burrow-mottling, burrows, laminations, angular unconformities,
fenestral fabric, dessication cracks, borings, and pseudostructures.

Burrow—mottling is only recognizable where dolomitization has not
obscured the original structures. - Though micrite ranges from 60-100%

of the total Dawson Bay lithology, burrow-mottling disrupts 90-100% of
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the mierite (Figure 37). Only one distinetive burrow was recognized in
the avallable core. It was observed within mudstone associated with
cryptalgal laminations in the uppermost Dawson Bay. The burrow's long
dimension was 12 cm and its width was 2 cm (Figure 37).

Several varieties of laminae are present In the core. Millimeter-
scale argillaceous laminae occur in less than 1% of the core in
assoclation with cryptalgal mudstones (Figure 20). Millimeter to
centimeter-scale laminae of micron-scale pyrite clusters also occur
locally in the basal carbonate section. These rare laminae (less than
14) were observed only in eastern Bottineau County. They occur
proximal to the edge of the Prairile Evaporite and are extensively
fractured and offset. Biloeclastic laminae of millimeter to centimeter-
scale comprise less than 1% of the middle and lower Dawson Bay
carbonates. Echinoderm and brachiopod fragments are most abundant.
These bioclast laminae were the only grainstone occurrences observed in
the avallable core. Rare (less than 1%) centimeter-scale ripple
laminae are present in Cavaller County in association with cryptalgal
mudstones. The most abundant laminations in the Dawson Bay carbonates
are those of cryptalgal lamination composition comprising up to 30% of
the lithology when present. They occur as millimeter-scale oxidized
argillaceous laminations which alternate vertically with mudstones.
Quartz silt (less than 1%) is often associated with these laminations.
The eryptalgal laminations are typlcally crenulated and occasionally
display micro to macro angular unconformities (Figure 20).

Subvertical, subhorizontal, and irregularly orlented fenestral
fabrics occur oeccasionally in the study area (Figure 38). In each case

the fenestral fabric occurs high in the carbonate section and 1is
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Figure 37

Core photograph of burrow-mottled microcrystalline dolomite with
subhorizontal scour surface (A) and subvertical burrow (B). The darker

burrow color is due to inereased argillaceous content. (11ithofacies F,
NDGS well #37, 2298') '

Figure 38

Core photograph of subhorizontal fenestral pores (A) in
microcrystalline dolomicrite. Subvertical and subparallel fractures
(B) cut the lithology. (lithofacies E, NDGS well #31, 1739')
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associated with mudstones. Subvertical and irreguiarly oriented
renestral fabrie is a rare (less than 1%) occurrence limited to
porthern Dunn County. Subhorizontal fenestral fabrics locally comprise
up to 10% of the cryptalgal associated mudstone core in Cavalier
County. BRemaining porosity is minimal, but does exist as indicated by

iron oxide solution-mottling, which occasionally rims the remaining

pores.

Dessication cracks are very rare occurrences (less than 1%) which

are commonly assoclated with red clays (Figure 39). Light-green clays
are occasionally present with these dessication features in Cavalier

County assoclated with oxidized surfaces. They range upward from the .
middle of the stromatoporold-builldup section and were observed to reach ié

a maximum subvertical long-dimension length of approximately 10 cm,

although a 2-3 cm depth is most common.

The depth of borings have a range of 0.25 mm-1.5 mm and were

observed In brachlopods, trilobites; stromatoporoids, and
unidentifiable biloclasts (Figures 40 and 41). They were not commonly
. observed (less than 1%) in the Dawson Bay core. They were at times
difficult to distinguish from punctuate structures which transect the
entire bioclast and are always linear. i

Pseudostructures include pseudointraclasts and "pseudoburrows". A

Pseudointraclastic texture is present in portions of Williams County
and locally comprises 20-80% of the lithology. It has the appearance
of brownish gray (10YRY4/1) microcrystalline dolomite intraclasts
floating in a matrix of dark-brown (10YR3/3) very-finely-crystalline

‘i dolomite (Figure 21). This appearance is the result of dilagenetic

Subvertical and subhorizontal fracturing of the microerystalline
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Figure 39

Core photograph of dessication cracks (4) in microerystalline to

finely-crystalline dolomitic matrix. (1ithofacies F, NDGS well #31,
1737.9")

Figure U0

Photomicrograph of microborings (A) in brachiopod fragment.

(1ithofacies C, NDGS well #37, T.S. 2343', crossed-polars, long field
of view equals 0.5 mm)
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Figure 141

Photomicrograpﬂ of bored (A), micritie, intraeclast.
NDGS well #793, T.S.

equals 4 mm)

(1ithofacies D,
11060.5', crossed-polars, long field of view

Figure 42

Core photograph of subhorizontal "pseudoburro
eryptalgal lamination control of color
flow in microcry:

1728.5') |

w" (A) resulting from

-mottling by paleogroundwater
talline dolomite. (lithofacies F, NDGS well #34,
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|
dolomite with subsequent %oarser recrystallization of dolomite proximal
to the fractures. "Pseud&burrows"‘are a particular form of solution-
mottling which are found %roximal to eryptalgal laminations (Figures 42
and 43), or bioclasts (Fi#ure 44), in Cavalier County. "Pseudoburrows"

|
have the appearance of fiiled burrows with widths ranging from 0.5-8

cm., They are usually orijnted Subhorizontally im associlation with

eryptalgal laminations, a%d orlented irregularly in association with
|

brachliopod wackestones.
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Figure 43

Core photograph #f incompletely developed, subhorizontal,

"pseudoburrow" (4). Solution-mottled intraclasts (B) of eryptalgal,
microcrystalline, dolomudstone composition in lower half of photograph,
(1ithofacies F, ﬁDGS well #34, 1726')

Figure 44

Core photograph of irregularly oriented "pseudoburrows" (A) in
brachiopod wackesqone. (1ithofacies B, NDGS well #27, 2233')







DIAGENETIC FEATURES

Diagenetic features offten mask the original character of the

1ithologies making depositional environment interpretations less

certain. Hydrocarbon exploration is also influenced by post

depositional alteration of

potentlal reservoir rocks. In particular,

porosity and permeability may be enhanced or reduced by diagenesls.

piagenetic features identiffied include: secondary dolomite, pressure-

solution structures, calcite cement, neomorphic calecite, secondary

pores, color-mottling, halite, anhydrite, and hydrocarbons.

Pressure-Solution Responses

Carbonates undergo deformation, neomorphism, and/or dissolution

when subjected to the stresses from overburden or tectonics (Wanless,

1979). Three major types of pressure-solution responses are described

by Wanless (1979). Type I

styolites and grain contac

which are typical of clean

elements (Wanless, 1979).

is "Sutured-Seam Solution" and includes
t solution features (Figures 25 and 45),

limestones with structurally resistant

Type II is "Non-Sutured Seam Solution" which

includes microstyolites, swarms, and seams in clayey limestones (Figure

19). Type III is "Non-Seam Solution" which is characterized by

Pervasive solution dolomit
resistant elements.
Although Type I press

the Dawson Bay stromatopor

ization occurring In clean limestones without

ure-solution responses are most common within
pld boundstones, packstones, and wackestones,
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| Photomicrograph of a ‘pe I, "Sutured-Seam Styolite" (A) between

reslstant tabular stro
| 1748', crossed-polars,
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Figure 45

toporoids. (lithofacies C, NDGS well #31, T.S.
long field of view equals 4 mm)
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occasional to very abundant Type II pressure-sclution responses are

present in all samples. Iﬁ northeastern Williams and southwestern

pottineau Counties, recrys#allizati&n of dolomite to larger silzes 1s
often associlated witﬁ TypeiII micro#tyolites as well as fractures.

| |
Microstyolites often cut eérlier hegled fractures and are themselves
cut by later fractures. In generalJ dolomitization associated with i
microstyollites commonly regults in ﬁhe healing of early fractures and

the enhancement of porosity (Figure 12). Bioclasts are ocecaslonally

subhorizontal in orientatidn associ#tion with Type IT microstyolites.

Occasionally, Type III pressure-solution structures were observed

within the carbonate membens of the |Dawson Bay in North Dakota.

|
|

| i
Neomorphib Calcite
\ %

i

‘E Calcite occurs in the |Dawson B%y Formation as miecrospar,

; i pseudospar, and as the product of d%dolomization. Microspar usually

consists of 5-6 mieron, uniformly sized grains, as described by Folk

'5 (1965, 1974)(Figures 6 and [10), andglocally ranges from 0-3 4 of the

j core. Most often mierospan replace? mieritic matrix adjacent to pores
and adjacent to, or within, bioclasts. Occasionally, microspar
replaces mieritic matrix and bioclasts, fills coral zooecia, fills
borings in stromatoporoids,| and filjs the interiors of whole bioclasts.

When the quantity of microspar reacﬂes 3%, and very locally as high as

15%, it occurs as patchy micritie matrix replacement.

;;5 Neomorphic caleite, which is c¢learer and coarser then microspar,

1s termed "pseudospar" by Folk (1965, 1974)(Figures 5, 11 and 30).
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several forms of pseudospar occur in|the study area in amounts normally

ranging up to 5%. Very loc%lized oceurrences range from 10-20%.
Blocky crystals replaéing b*oclasts are the most common type of
pseudospar occurrence, alth#ugh micr#te replacement adjacent to pores
and bloclasts, both internaily and externally, is also common.
Syntaxial overgrowths on echinoderm fragments are another commonly
observed form of pseudospar, RadialFaxial filbrous growth into micritie
matrix from syntaxial echinoderm ove?growths, or blocky-equant
pseudospar bioclast replacement, occurs occasionally.

Dedolomitization adjacent to pores occurs very locally in amounts

less than 1 % of the studied core. Dedolomitization usually occurs

within a few millimeters of| pores.

dadiiad
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e

Porosity
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Eight porosity types were recognlzed within the carbonate members
of the Dawson Bay Formation| in the study area. The nomenclature of
Choquette and Pray (1970) w#s used iﬁ core and thin-section
deseriptions. The following porosit& types are present in order of
decreasing occurrence: intercrystaﬂline, fracture, moldie, wvuggy,
nicrofracture, Intraparticle, fenesﬂral, and shelter porosity.
Occasionally, specific pore types c#n not be distinguished and must be
deseribed, as for example, "moldic-vuggy" (Figure U46).

Intercrystalline porosity'fallﬁ within the micropore to mesopore
Size range of Choquette and Pray (1?70)(Figures 9 and 12). Size

variability is associated with multiple event dolomitization adjacent




88

Figure U46

Core photograph. Vuggy-mold of stromatoporoid (A) in very-finely-
crystalline dolomite. (1ithofacies C, NDGS well #27, 2216')
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.0 multiple event fracturing and microstyoﬁites. Fracture porosity

-anges from mesopore to megapore

derofracture porosity is in the

mltiple-fractured dolomites (Fig
jlickensides are present in areas
foldic porosity (Figures 6 and 19
size, with a 2 cm maximum long-di]
gaximum moldic stromatoporeid siz
resopore and megapore sizes. The
noldic-vuggy stromatoporoids (Fig
the mesopore-size range and most

§tromatoporoids, corals, and bryd
3.

Fenestral porogities are in

and are limited to Cavalier Count

size (Figbres 15, 21 and 27). Most
mesoporeirange and assoclated with
ure 12). Brecciation with occasional
underlaﬂn by the Prairie Evaporilte.
) ranges%from mesopore to megapore
mension arachiopod size, and a 8 cm
. Vuggj porosity ranges between
1argest§vug slzes are associlated with
ure 46). | Intraparticle porosity 1s in
commonlyjassociated with
zoans (Figures 24, 26, 27, 33, and

the micropore to mesopore size range

y (Figur% 38). Shelter poroslty is of

!

mesopore to megapore size and primarily a#sociated with articulated

brachiopods and whole gastropods,

In areas of North Dakota wh

re the Dawson Bay Formation is

Pnderlain by the Prairie Evaporite (Figuré 1) visual inspection of core

pan not accurately determine porosities abd permeabilities. Drilling

%rocesses may have removed halite from pores. Wire-line log evaluation

Pf permeabilities, or drill-stem

Colo

tests, méy be necessary.

r-Mottling

Diagenetic color-mottling is very copmon within the study area.

Lateral color changes are significant, wﬁereas vertical changes are
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minimal within each cored w%ll. In [Cavalier County; the Dawson Bay

carbonate 1s light gray (7.5YR8/2) with yellow (2.5Y8/6) to dark-red

(7.5R3/4) mottling. The collors change to light brownish-gray (5YR7/2)

with yellow-brown (10YR6/2)

mottling occurring southward into Wells

County and westward into Bottineau County. Throughout Bottineau County

these colors persist with only slight variation, but shift to brownish

gray (5YR6/1) with black (7

in Dunn and Williams Countil

.5YR2/1) or yellow-brown (10YR6/2) mottling

e3. Rare| color-streaming, consistently to

one side of relict structures within}"pseudoburrows", was observed.

"Pseudoburrows" are frequently ébserved in oxidized Dawson Bay
carbonates in eastern Cavaliler Countj. Megascopically, these
distinctive forms of color-mottling have the appearance of filled
burrows (Figure 33). Internally, th;se features are gray (5YR8/2) in
color, while externally, th¢ colors ?re those of the matrix country
rock. In thin-section, "pseudoburro%s" are difficult to distinguish
because their boundaries ar? definedéby diffuse dark red (7.5R3/4%)
mottled walls. In-place rellet eryptalgal laminations, or bloclasts,
occur wilthin and cross-cut "pseudoburrows".

Two types of "pseudobunrows" were recognized. The most common is
the subhorizontal variety which has 4 maximum width of 8 em and appears
to be controlled by associated subho%izontal eryptalgal laminations

(Figures 42 and 43). The second type of pseudoburrow discerned has

elther an irregular orientation or vertical components (Figure 44),

"Pseudoburrows" of this type have widths in the range of 0.5-2.0 em.
These are assoclated with fenestral flabriecs in eryptalgal boundstones

and occasionally with biloclastic wackestones-packstones.

T el e B MR At R AT i s Bt ok 5 50
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Hydﬂpcarbons

At intervals of appvoximate1§ four feet, uniform-sized samples of
cere were taken for hydrocarbon tésting. Additional samples were taken
to verify prior test results. The samples were immersed In chlorothene
which dissolves the hydrocarbons.; Care was taken to avold
contamination during‘preparation dnd during testing. The chlorothene
used in each test batch was checked for contamination by ultraviolet
light. After immersion, [the sampﬂes were immediately viewed under
ultraviolet light. In several in%tances, light hydrocarbons were
observed to stream away from the Qample. Because of the 1950's
drilling dates for several of theﬁcored Dawson Bay intervals, it is
probable that some light hydrocardons have been lost. TIn an attempt to
standardize the hydrocarbpn testing, the samples were simpiy evaluated
as "show" or "absent" after evapor?tion of chlorothene. "Shows" were
observed throughout the study area. The results are presented in Table
1.

Several thin-sections and core revealed the presence of residual
hydrocarbons in Williams and Bottibeau Counties. These hydrocarbons
are associlated with multiple, and @ommonly healed, fractured dolomites
and with vuggy, moldie, and intrapgrticle porosity. Hydrocarbons are
also present in the most recent subvertical fractures which are

commonly partially filled |by anhydrite, halite, and calcite cement,




TABLE 1

ULTRAVIOLET LIGHT / CHLOROTHENE
HYDROCARBON TEST RESULTS

-
KEY : WELL # 27 WELL # 31
' CAVALIER CO. CAVALIER CO.
Lith.: Lith. | S A Lith. | S A
LithOfaCieS F ! 0 3 F 2 7
Sf ShOW E : = - E O 1
Ai Absent p | o | 2 D 0o |1
- ﬁOt iresegt c 1119 c {13 |13
WELL # 36 WELL # 37 WELL # 38
CAVALIER CO. CAVALIER CO. BOTTINEAU CO.
Lith.| s | a Lith. ] S A Lith.] S A
F O ! F 0 7 F 3 2
E - | - E - - E 3 0
D - | - D 0 1 D 4 0
C 419 c | o 3 C 15 0
B 512 B | O 3 B 31 0
WELL # 207 WELL, # 286 WELL # 793
WELLS CO. BOTTINEAU CO. DUNN CO.
Lith. ! S A Lith.l s A Lith.| S A
F - - F 1 4 F - -
E - - E 1 0 E - -
D 0 2 D - - D 9 0
C 5 0 C 4 7 c |11 2
B 2 0 B 0 1 B |36 3
WELL # 1231 WELL # 1403 WELL # 7877
WILLIAMS CO. WILLIAMS CO. WILLIAMS CO.
Lith.] S | A Lith.] S A Lith.| S A
F 1]o F | - - F - -
E 2 10 E | 1 0 E - -
D 9 10 D | 7 0 D - -
C 8 {0 c | 1 0 C 31
B 8 |o B | - - B -
i

b
3
“




LITHOFACIES

Intr@duction

Core and thin-section study re¢sulted in the delineation of five
1ithofacies within the Dawson Bay %ormation in North Dakota.
Descriptions of the carbonate lith%facies of the Dawson Bay are gilven
in Appendix B. The following cored North Dakota wells penetrate the
entire Dawson Bay Formation: #27, ﬂ38, #207, and #793. Partial
penetrations occur in wells: #31, @36, #37, #286, #1231, #1403, #5277,
and #7877. Table 2 is a sme oﬂ the general lithologic and faunal
characteristics for each 1 entified%lithofacies. The stratigraphic
relations of North Dakota Dawson Ba& Formation lithofacles occurrences
and thelr thicknesses are %iven in Figure U47.

In addition to the fiyve lithofacies identified and used in this
study, two additional lithofacies h?ve been ldentified within the
Dawson Bay Formation by earlier wor%ers. One 1s the Second Red Bed
which comprises the basal, argillac%ous, Dawson Bay member (Dunn,
1982). Even though the Segond Red 3ed is not included in the present
study, it 1s desiginated 1 thofacie# A because of 1ts presence in the
study area (Table 2)(Figure 2). Thé Hubbard Evaporite member, another
lithofacies recognized by previous %esearchers (Lane, 1959)(Dunn,

1

1982), caps the Dawson Bay in Saskatehewan, but 1s not present in the

North Dakota portion of the Willist@n Basin (Figure 2). Consequently,
. |
1t is not designated as a lithofacles in this study.

The lithofacies identified in the present study were defined on

94




41 ai L SN

HeAHN
g ady
ANODAS

N

vis
J1d 1444
MOTIVIS

TSUHAAHSS LIV ANV
SSULIFOITHL SNOLLVNIWV'l (NV

(L) Aavoty and
5U0OVHLSO
{SNVOZOAYRY

TASVE HVIN

LTIS ZLavnd Ivool “auvy

LSTIVEOD “LISOdIa DVl TVNOLSVID0

CSWAAUON [HDY

£SU0J0TIDVEY CSNOFOVTIONY  * SUNNOYOUUVI

(SNOAIV I HYY ANAA)

ANOLSNIVHY
TVNO ESVDD0

ANOLSUNW
(INV
ANOLSAAIVM

A\

SWYIHOIE "IVIOl
ANV SAWOH1SOI11

(I040JOLVWOULS

"84

£SA0d0YLSVY
SSHAHUONTHOT
LSNVOZOANH
LAYV NAZdO-d1g
£SA0doHIDVEE

4 oor

NdS 171V
ONV 'SHLI9OTLYL .

1SUVO IVHAAD
‘sqoovalso B e

AW

Hing

ASve HVIN

SNOAIVTIIOGY ANV SUNNOALANVH

SSU10M0dULVAOYLS *SULINI0ALS WVHS €dNINS ‘1 HdAL

AV HIGVYL NV

CIVO LYANdS S

LSAIVAUNS QHZIUIXO “TIVOO'L
PSALO1Ad VY CSLSVIOVHLIND

ANOLSUNNOY
| ANV UNOLSUIN

CANOLSNOVA
CINOLSANDVM
UAAUANAAINT

YAUWIN

AT4N

NOTLISQdAU
40
LNARNON 1 ANG

VAOTd  UNV VNNV

44 LOVIVHD
UNV  *SHAHDOTIV

IVOTSAHL

CSANLINYLS  IVNOTLISOJHU

ANVN 3004

SAIDVAOHLTL
NOTLYHYO

AVH NOSMVU

VLOAVU HILHON

(z86

Avi

[

SHATNIN
NOTLVIIOA

CNNNQ)

NOSMVU

VIOAVU

SANARNOUT AN

HLHON

Ni NOTLVHA0A Avd NOSMVU

TVNOELISO4d0 UNY SOLLSTHNLOVAVIL)

KIINA 40

1OVAONLE]

L

TVl




96

v4s didladd
MOTIVIS
ANA

NHEO-107d

VHO LHLIRY
HNIRAR (SR RINN
CSANANISTYIVY

AV
£5IVH0D

CSHATUONTHDA

£SU040 THIVUY

£SUOIVHLSO

pue

£530408.L5VY)

SSAOMDVITINYGY ESHOVID
NOTLVOISSHA IVO0T SAVNIWVE
AU 18 CSLSVIOVAINT SSa1071dd
CONTLLLOW-NOT0D  SSHONTYONU

CONTTLLOR-MO¥YNG  SIVHLSANA k

ANOLSNOVA
IVATOTHRD TVI0L

ANOLSINIVM
UNV
ANOLSUNKH

«

VidS OTUTAdY
MOTIVHS
LI THLSHY

AVIV NAAED-3078
TVO0T ANV

£SU00VILS0

£S0J0ULSVY)

(40l) SHoUTA1ITISSO4

A'T100d

SONFTLLOW-A0T00 SL11S
ZLAVND ADVEL SHOHDVTTTONY
CALINAD CSLSVIOVELINT
CSATOTdd CSNAWNLLY
CONTLLLOM-MONANT  PAVALSHINA A

ANOLSAOVA (INV
ANOLSHAROVM
LSVIOVULNT

CVD0T CHEVY

(401) ANOLSUNKW

ANTTIYOHS ViIS

4Sve ONV dOL
YVAN SNOYAI'TISS0d

ATH00d  ATIVOOT

ONTOHVIONT

CSMOMNAHOUNASE TVIOT
ONULLLOKR-OT0D LIS
ZLHVAD AOVAL TSNOAIVITIOEY

tAsve dViIN
ANOLSAAIVA
LSVIOVHINT

V201

(DTL1YAAUNY

ATUHHAN

CSLSVIOVELND $SA10T4d A1IVD01)
SHMOYYUNG TAVNINVT SN0AT41118504
ANOLS
(AVOTY NAAMH-30'19) TVINIWOVEA TSIDVIAHNS ANOLSUNNOY
P S TYTYETRTY 3 WAODS CAVNIWVI THdd1H P SXOVED VY TVLAAYD
SNOLLYNIRVT NOTLVOISSHA tAVILSHNTA TAVNIWVI

TVOIVLAAND

JALVINNAYD UNV (32101X0

(dOL) ANOLSUNH

NOLLIS0dHd
d0

LNAWNOY TANY

ViO1d

(INV  VNNVA

HALOVIVHD  IVOISANHd
(UNV ' SHHHOOTIV
CSNLONKLS  CIVNOILTSOdAad

AWYN - HD0H

S41IVAONLLT (
NOT.LVWHOA

AVd NOSMVQ

VIOAVA HLYON

7861 “NNAd)
SUAUWAN

NOTLYIWHOA

AV NOSMVA

SILNAWNOUTANY

vioxvd HLION

AVNOTLISO4Hd

NOT.LVRE0A Avd NOSMVU JdHL

(INV SOTLS TYALOVAVHD

A0

SU1OVAOHLIT

SANNILNOD

‘7 odavl




7]

o]

LITHOFACIES KEY:
Epeiric Sea Shor
Restricted Shalldw
Epeiric Sea
D: Very Shallow Epeiric Sea
C: Stromatoporoid Biostromes
and Biocherms
B: Shallow Epeiric
A: Second Red Bed M
: Missing Core
End of Available
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Figure 47: Lithofacies
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WELL # 1231 WELL #1403 WELL # 5277 WELL # 7877
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|

Occurrence in Cored Weils of the
ormation in North Dakota.
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the basls of rock types, cHaracteristic fauna and flora, depositional

structures, and allochems (Table 2)4 Due to extensive secondary

dolomitization within all ¢arbonate111thofacies of the Dawson Bay

Formation, many allochems and otheridepositional features may have been
|

destroyed or obscured. Lithofaciesfcontacts are normally transitional.

The succession of lithofacfies occurrence 1s nearly uniform throughout

the study area, although 1

nstances bf 1ithofacies interfingering do

occur. The capping lithofaciles in North Dakota vary locally.

The only distinetly unconformable contact observed between

1ithofacles in this study joccurs between 1ithofacies A and lithofacies

8. The Dawson Bay/Souris River coﬁtact at the top of the Dawson Bay

Formation is disconformable only 1ﬁ core from Cavalier County.

Litho£acies.§

(Second Reb Bed Member)

Lithofacies A comprises the dasal, arglllaceous member of the

Dawson Bay Formation in the Williiton Basin of North Dakota (Table 2).
|

The Second Red Bed was ex

scope of this regional in

eluded fﬁom the present study to narrow the

vestigation. Holter (1969) reported that the

|
highly dolomitic Second Red Bed shales are typically red, change upward

to green or grey shales |

In the lower section, and are capped by light

brown, very calcareous b
Red Bed shales are commol
stringers. Dunn (1982)

generally caps the Secon

Pdds that

ds at the top. According to Holter the Second

nly slickensided and cut by vertical halite

'a veneer of green-red carbonates

H Red Bed, and the contact between Pound's
|




(1985) lithofacies A and 114

Lithofacies B is

echinoderm wackestone to mud

grainstone layers (Flgures

thickness from 9-64 feet in

deminates in Bottineau and

section.

Bottineau, Wells, and Dunn (
Mierite is abundant (6f

Cavaller, Wells and Dunn Coy

amounts less than 1% in Cav

entirely subrounded in Well:

Bottineau County, and round

Brachiopods (2-100%) a
lithofacies B fauna. The T
are: gastropods (less than
(1-10%), bryozocans (1%), tr

caleispheres (5-10%).

charag

Distinet subhoriz¢

Lithofacies C consists

99

hofaciesiB 1s disconformable (Figure U8).

Lithofacies B

tterized as dolomitized brachiopod-

istone with occasional subhorizontal

13, 15 anh 44)(Table 2), and ranges in

the avaiﬂable core (Figure 47). Mudstone
favalier tounties, particularly in the lower
pntal packstone layers are present in

Pounties.

p-90%) and associated with bloclasts in

|
Quartz grains which are present in

alier, Wells, and Bottineau Countles, are

unties.

5 County,jsubrounded to subangular in

ed to subgngular in Cavalier County.

nd echinoberms (25-100%) dominate the
ossils prhsent and thelr percent occurrence
30%), cor%ls (less than 1%), ostracods

1lobites ((less than 1%), algae (10%), and

Lithofacles C

of thred interbedded biofacies:
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; Figure 48

Core photograph of submarine ﬁardground contact between the basal
Dawson Bay lithofacies A (Second Red Bed member) (A) and lithofacies B

(B). A red and bluish-black clay is found along the contact.
(1ithofacles A/B, NDGS well #38, 6279')
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(1 interbedded stromatoporeid boundstone and fossiliferous

.ackestones/packstones in southern Cavalier County (Figures 25 and 27);

12) interbedded subspherical

wackestones/packstones throughout North Dakota (Figures 23 and 24); (3)

and fossiliferous mudstones | to wackestones throughout the study area

(Figures 7 and 26)(Table 2),

Lithofacies C is composed of 20-100% caleite in all but Bottineau
County where dolomitization | is nearly pervasive. Micrite is commonly
associated with calecite bioglasts. Rare (less than 1%), subrounded,
quartz silt is found along subhorizontal layers of oxidized

fossiliferous wackestones/packstones in southwestern Cavalier County.

Minor (1%) bitumens, presen}

Williams Counties are associlated with pressure-solution features or

disseminated in the matrix.

Allochems include intrgclasts, peloids, and fossils. Minor (less
than 1%) occurrences of interclasts are found in Wells County, and
abundant (10%) occurences ane present in Williams County. Peloids are

occaslonally abundant (less |than 40%) constituents of lithofaciles C.

Calcareous, cylindrical

and tabular (40-100%) stromatoporoids occur in lithofacies C. o

Additional lithofacies C fauna include: corals (less than 40%),

brachiopods (less than 80%),

(20-90%), echinoderms (40-100%), trilobites (less than 15%), gastropods

(less than 20%), ostracods (

cephalopods (less than 15%).
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and cylindrical stromatoporoid

in southwestern Bottineau, Dunn, and

(less than 80%), subspherical (60-90%),

blue-green algae (less than 5%), bryozoans

1-40%), caleispheres (less than 10%), and



Lithofacies D consist
audstones and wackestones
packstones (Figures 19, 31
mudstones and wackestones
percentage of mudstone mov
Williams County. In south
County, and northern Dunn
Formation (Figure 47). Th
eastern marglin of the Dawsq
and locally in Bottineau Co
is found near the top of 1i
Dolomitization predominates

!

Minor (0O-

Residual hydrocarbons (0-2%
Williams County. .
present within lithofacies

Allochems observed ina
Peloids are locally minor (
throughout North Dakota and
locally form packstones. I
County and are minor (less
Counties (Figure 36).

The most abundant faun
gastropods (60-85%), ostrac
brachiopods (60-100%), and

for all lithofacles D fauna
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Lithofacies B

s of gastropod-ostracod-brachiopod-echinoderm

with very localized peloidal and intraclastic

and 36)(Table 2). The occurrence of

1s variable with a general decrease in the
ing westward across the study area toward
western Cavalier County, western Wells
County, lithofacies D caps the Dawson Bay
is lithofacles is entirely absent along the

pn Bay depositional area in Cavalier County

unty. A thin (1 foot) unit of lithofacies D

thofacles F in southeastern Cavalier County.
in Cavalier and Bottineau Counties.

) locally rim lithofacies D pores in

3%) amounts of siliciclastic clays are

D throughout the study area.

lude peloilds, intraclasts, and fossils.

less than 10%) constituents of lithofacies D
in Wells and Bottineau Counties peloids

ntraclasts are common (20-70%) in Dunn

than 20%) constituents in Wells and Cavalier

21l constituents of lithofacies D are
ods (40-85%), articulate and disarticulate
echinoderms (5-80%). Individual abundances

vary locally. Calcispheres (less than




14) (Figure 11), corals (
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less than 50%), trilobites (less than 15%),

algae (less than 30%), and Amphipora (eylindrical stromatoporoids)

(1ess than 1%) comprise the less abundant fauna and flora.

Ripple laminatlons and possible dessication fractures with

assoclated iron oxide are occasionally present in southwestern Cavalier

County.

immediately underlies th

occurrence.

Fenestral fabriec is common in northern Dunn County and

e anomalus cryptalgal boundstone lithofacies F

Rare burrow-mottling is present in southwestern Bottineau

and in northern Dunn County.

Lithofacies E can b

intraclasts of possible

only in Williams County

ranges from 0.4-2 feet i

Lithofacies E

e characterized as a dolomitized gastropod and

ostraced mudstone in thj study area (Figures 5 and 38)(Table 2), and

n thickness (Figure 47). Very locally,

algal composition compose wackstones and

packstones. Algal bearing intraclasts in Williams County contain the
only diagenetically unaltered algae (?) observed in the study area.
Lithofacies E interfingers with lithofacies F in southeastern Cavalier
County and in southwestern Bottineau County (Figure 47), and is locally
missing in Cavalier County.

Statewide, the depasitional structures of lithofacles E inelude
fenestral fabries, thinly laminated dolomicrites, borings, ripple

laminations, and rare dessication cracks. Burrow-mottling 1s present

where it is common to abundant.

lithofacies E allthems include peloids, intraclasts, and fossils.

B B S s i S ins 5 e

“i,
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peloids vary from (1-10§) in north-central Bottineau County and in

southeastern Williams County. Intraclasts occur (less than 3%) in

1ithofacies E In the uppermost interfingering of lithofacies E and F in

southeastern Cavalier County. Gastropod-ostracod intraclasts are

abundant near the base of the lithofacies E section in socuthwestern

Bottineau County. Subr¢unded to subangular mudstone intraclasts are

locally present near the center of lithofacies E in Williams County.

Gastropods (40-60%)
fauna throughout the sty
County blue-green algae

with mudstones.

Lithofacies F consi
boundstone which is loea
20, 37, 42 and U43)(Table
in the studied core (Fig
present near the base of
County and north-central

ad jacent lithofacies 1is

and ostracods (40-60%) dominate the fossil
dy area (Figure 5). 1In east-central Williams

are abundant (60-100%) and occur interlamlnated

Lithofacies F

sts primarlly of dolomitized cryptalgal

1ly replaced by anhydrite (Figures 16, 17, 18,
2), and ranges in thickness from 0.5-87.5 feet
ure 47). Minor intraclastic wackestone is

the lithofacies in southwestern Bottineau
Cavalier County. Interfingering of laterally

common in southeastern Cavalier County and in

southwestern Bottineau Cpunty (Figure 47).

Cryptalgal boundstones predominate in the study area (Figures 20

and 43), and mudstone is

Cavalier County where it

a minor constituent except in west-central

is very abundant (less than 60%) in the lower

lithofacies F section (Figure 37). Bedded streaky-laminated massive




replacive of eryptalga
:n north-central Botti
Siliciclastic cla
in minor (less than 3%
cavalier County. Inso
s1s minor constituents
occur in association w
dolomlcrite matrix.
On rare occasions
lithofacles F. 1In sou
lithofacies F, moldic
Trace (less than
silt associated with ¢

Cavalier County (Figur
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snnydrite and bedded qassive anhydrite are extensively (60-100%)

1 boundstone in west-central Cavalier County and

neau County (Figures 16, 17, and 18).

vs ineclude a green-colored clay which is present
) amounts along oxidized surfaces in southeastern
lubles are abundant in Cavalier County and occur
throughout the study area., Siliciclastic clays

ith cryptalgal laminations or disseminated in the

, calcite cement rims or fills pores in

theastern Cavalier County near the base of

pores are lined with calcite crystals.

1%4) quantities of subrounded to subangular quartz
ryptalgal laminations are present throughout

e 22).

Bitumens are locallly present in minor amounts, and occur as very-

thin horizontal lamina

Color-mottling is
area. lithofacles F i
(5YR8/4) due to iron-o
gray {(5RP3/1) associat
and 43),

Crenulated crypta

subhorizontal fenestra

e or disseminated throughout the matrix.
distinctive along the eastern third of the study
s usually light grey (7.5YR8/2) to pale orange
xide mottling, and occasionally mottled purplish-

ed with diagenetic "pseudoburrows" (Figures 42

lgal laminations are very common, and

1 fabrics are commonly assoclated with eryptalgal

laminations, as are ripple laminae and dessication cracks (Figure 39).

In western Cavalier Co

Was observed near the

unt&, a single subvertical scour-truncated burrow

top of the lithofacles F section (Figure 37).

R A S
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Allochems include peldgids, intraclasts, and fossils. Pelolds
compose less than 15% of thHe core in Cavalier and Bottineau Counties.
-atraclasts of ecryptalgal qomposition make up less than 5% locally in
cavalier and Bottineau Counties. In west-central Cavalier County,
-ieritic intraclasts with ripple laminations and dessication eracks
range from 20-80% in the upper section of lithofacies F.

Blue-green algae (?) {(90-100%) dominate the lithofacies F flora
(Figure 20). Thin anomalous layers of subhorizontal fragmental
srachiopods (3-5%), echinoderms (1%), ostracods (less than 1%),
salcispheres (less than 1%), blue-green algae (less than 80%),
oylindrical stromatoporoids (less than 1%), and unidentified fossil

fragments (less than 5%) ogcur locally in eastern Cavalier County.

Occasionally, lithofacies F is poorly fossiliferous near its base and

its top.

.
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LITHOKACIES INTERPRETATIONS

During the late Middle

Introduction

Devonian, the Williston Basin is

interpreted to have been logated at approximately 20 degrees south

1atitude on the basis of paleoclimate and tectonie indicators (Heckel

and Witzke, 1979).

This would place the Dawson Bay Sea in a warm

tropical climate as 1s suggested by the thick carbonate successions

(Heckel and Witzke, 1979).
Carbonates are primari
origin (Wilson, 1975).
and physico-chemical precip
evaporation in dry climates
under marine conditions. B
today in the lower latitude

South (Wilson, 1975) In the

ly of organic, but also of physico-chemical

Increasing temperatures promote organic growth

itation of carbonates by hastening

and lowering carbon dioxide solubility
enthonle carbonate production is greatest
5 between 30 degrees North and 30 degrees

ke latitudes, shallow warm water 1s present

on shallow shelves today and in epeiric seas in the geologic past

(Heckel and Witzke, 1979).
Anhydrite replacement

proximity to a marine shore

high salinity environment apcording to Schreiber (1981).

of cryptalgal mats provides evidence of
Nline in an arid, warm, high evaporation, and

Lithofacies F

of the Dawson Bay Formation in North Dakota provides evidence of

similar climatic conditions.
Prolific, biogeniec production of carbonate sediment also requires

clear water conditions. Terrigenous clastics are transported to the

108




sea under humid conditi

109

pns and the resultant tufbidity minimizes

carbonate sedimentation| near-shore. Thick carbonate intervals can form

ryrther off-shore in hu
arid environments are a
rormation carbonate cor
fine sand which is inte
to competency requireme
Heckel and Witzke (1979
in Devonian carbonates
possibility 1s derivati
Consequently, the
considered to have been
environment was that of
evidence from Dawson Ba
environments of deposit
shallowing-upward, suce
epeiric sea (lithofacie
(lithofacies C), very s
shallow epeiric sea (1i

(lithofacies F)(Figure

Lithofacies A was 1

have interpreted the pr

mid climates, but the evaporites which typify
bsent (Heckel and Witzke, 1979). Dawson Bay

e contain trace amounts of quartz silt and very-
rpreted to be of terrigenous eolian origin due
nts suggested by Pettijohn and others (1973).

) suggest that the source of eolian quartz silt
is likely the emergent eraton, although another
o from older formations.

rlimate during Dawson Bay deposition is

hot and arid. The regional depositional

a shallow marine epeirlec sea. Lithologic

y Formation core, in comparison with modern
ion, suggests the following, generalized

ession of depositional environments: shallow

s B), stromatoporoid bilostrome/bioherm

hallow epeiric sea (lithofacles D), restricted
thofacies E) and shallow epeirie sea shoreline

h9).

Lithofacies A

(Second Red Bed Member)

hot included in this study. Previous workers

pdominantly dolomltic shales of the Second Red
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3ed to have been deposified during the iniéial transgression of the
nawson Bay Sea (Figure 49)(Dunn, 1982). 1In this study, the contact
petween the Second Red Bed (lithofacies A) and lithofacies B was
observed in some North Dakota core and interpreted to be a submarine
nardground (Figure 48).| Bathurst (1981) stated that corroded, or

abrasion eroded, upper §urfaces of marine carbonates are hardgrounds of

submarine origin.

lithofacies E

Burrow-mottled wackestones and mudstones characterize lithofacies
B rocks and are interpreted to have originated as shallow marine
sediments below wave base (Figures U8 and 49). According to Wilson o

(1975), homogenization ¢f sediments by burrowing organisms 1s

characteristic of shelf+facies sediments. However, thinly laminated,

unfossiliferous mudstoneé 1s present at the base of lithofaecies B in
eastern Bottineau County. The presence of laminations suggests the
absence of burrowing organisms. Elevated salinity levels could be

expected in the basal carbonates. The hot and dry climate would have

concentrated halite in the very shallow marine sea until sufficient
depth was reached to dilute the evaporative concentration effect. The
elevated salinity would|have inhibited plant and animal life. j
Lithofacies B biota consists predominantly of brachiopods and
echinoderms with trace to minor amounts of corals, bryozoans,
trilobites, gastropods, ost}acods, red algae (7), and calcispheres.

According to Laporte (1967), diverse fauna in carbonate skeletal




gudstones and wackestones
environment. Wilson (197

and Late Devonian lithofa

112
is characteristic of the subtidal marine
5) reviewed the literature describing Middle

icies and identified thirteen general facies

types. He found that sh
contain a varied faunal
and scattered rugose cor
state that modern shelf
seas of the Devonian. H
major fossilizable nonve
lithofacies B fauna, wit
trilobites, fall within
Trilobites lived in a wi
nabitats (Clarkson, 1979
Mudstones, such as ¢
wave base because suffic
accumulating muds. Howey
bioclastic wackestone wif

occurred near wave base

1f and platform facies with open circulation
ssemblage dominated by crinolds, brachiopeods,
1ls and bryozoans. Heckel and Witzke (1979)
nd platform facies are similar to the epeirie
ckel (1972) charted the modern distribution of
tebrate groups relative to salinity. All

the exceptlion of the excluded extinct
eckel's "normal marine" environment.

e range of habiltats including normal marine
rharacterize lithofacies B, predominate below
ient energy does not exist to remove the
rer, the presence of articulated and fragmental
thin lithofacies B suggests that deposition

(Wilson, 1975). Other structures that might

delineate the depositional environment of lithofacies B have largely

been obliterated by dolo:
Occasionally, thin
fossiliferous wackestone
material are interpreted
tessation of lime mud de

suggested for the Devoni
Enos (1983), James (1979

cessation of lime mud de

mitization.

(1-3 em) grainstone layers are present in the

5 and mudstones. These layers of skeletal

to be lag deposits resulting from near-
position for a long period of time as is

an Tully Limestone of New York (Heckel, 1972).
D,y Qnd Wilson (1975) all suggest that the near-

position postulated for lag deposits can result

AR N i3 5
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from slower mud sedimentation with continued (normal) bioclast

jeposition due to simple di
influx of water is thought

carbonate sediments, wherea
normal rates. The periodie
occasional renewed transgre

interpreted to have not rea

end of lithofacies B deposi

Lithofacies C is domin
biostromes which suggest s

lithofacies B (Figure 49)(H

lution during renewed transgression. The

to permit the continued suspension of fine

5 the larger bioclasts accumulate at their

presence of lag deposits suggests
ssion. Consequently, the Dawson Bay Sea 1s

ched its maximum transgression before the

tion.

Lithofacies C

ated by stromatoporoid bioherms and
allower marine conditions relative to

eckel, 1972). James (1983) reports that, in

modern and ancient enviro

ents, tabular (lamellar) and cylindrical

(branching) growth forms ogecur during the colonization stage of early

reef development.

forms occur in the subsequént diversification stage.

Cylindrical and subspherical (domal or massive)

Tabular growth

forms are associated with moderate wave energy environments related to

moderate sedimentation rates according to James (1983).

Bioherms are present in southern Cavaller County, whereas

biostromes are present in

defined by having a greate
(James, 1983). He adds thj
lithologically distinct ma

above surrounding sediment

11 other areas of the state. Bioherms are

r height to length ratio than blostromes

ht bioherms are ldentifiable as

sseé within adjacent lithologies and protrude

s, Lithofacies C bioherms consist of
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alternating, tabular, stromatoporoid boundstone with subspherical

and/or, cylindrical, stromatoporoid wackestone or packstone. The

succession averages 10 em|in thickness, though 10-20 em tabular

stromatoporold layers are [present which suggest that these buildups are

in fact bioherms with vertically significant dimensions.

Corals, brachiopods, |echinoderms, bryozoans, trilobites, blue-

green algae (7), gastropods, ostracods, calcispheres, and cephalopods

are commonly associated with the tabular stromatoporoid biocherms of

lithofacles C., According |to Wilson (1975) normal-marine bank fauna

assoclated with tabular sfromatoporoids are varied, with brachiopods,

echinoderms, and corals cgmmonly present.

Blostromes occur as guccessions of alternating subspherical

stromatoporoid mudstones and cylindrical stromatoporold wackestones and

packstones. The dominating stromatoporoid genera in lithofacies C

biostromes 1s that of eylindrical Stachoydes.

stromatoporoids, are occagionally present.

Amphipora, cylindrical

Fragmental tabular

stromatoporoids are minor constituents of these wackestones and

packstones. Corals, brachiopods, echinoderms, bryozoans, gastropods,

ostracods, trilobites, caleispheres, blue-green algae (7), and

cephalopods occur in the gtudied biostromes and suggest normal marine

conditions (Heckel, 1972).

According to Irwin (1965) the presence of

algae indicates that water| depths were less than 15 m (50 ft.) due to

the light requirements of nlgae.

Tabular stromatoporoids probably did not play a significant role

in North Dakota because of

and Klovan (1971), from their study of exposed stromatoporoid banks on

Arctic Island, Northwest Territories, Canada, estimate a 10-20 m (30-60

their deeper depth of occurrence. Embrey

By
Eo-
A

o

3
i
5
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¢r.) marine depth for tabylar stromatoporoid growﬁh, a depth of a few

aeters for the subsphericLl stromatoporoids, and less than 10 m (30

rt,) for the larger cyli:Irical stromatoporoid, Stachoydes.

(1975) states that the s

forms biostromes 1n the b

very shallow marine condi

Wilson
ller cylindrical stromatoporoid, Amphipora
nk interior (back-reef) facles, suggesting

ions.

A third stromatoporojd occurrence within lithofacies C is that of

fossiliferous stromatopor
mentioned lithofacies C f
third type of stromatopor
are found below, within,

suggesting deposition in

id mudstones and wackestones. All previously
una are present in varied quantity In this

id occurrehce. The mudstones and wackestones
nd above the biostromes and bioherms

oW energy environments between the build-ups.

The alternation of t3abular and cylindrical stromatoporoid growth

in Cavalier County suggest
of the uppermost portion ¢
exposure prior to each ing
changes in epeiric sea lev
successions observed. FI1y
relatively rapid and numey
thickness of each stromatd
However, the fluctuations

cm because Type I "Sutureq

ls fluctuating water depths. Local oxidation
bf each succession also suggests subaerial
rease in water depth. Local or regional
rel probably resulted in the repetitive
jctuations in the sea level may have been
"ous as suggested by the 10 cm average
yporoid suceession and their quantity.

of water depth may have been greater than 10

|-Seam Styolites" indicate the loss of

carbonate section (Wanless, 1979).

It is possible that the repetitive successions resulted from

vertical reef growth, followed by basin subsidence, and renewed

Stromatoporoid growth tow

rd the surface. Alternatively, Maiklem

(1971) has suggested an eyaporative regression mechanism for hot arid -




116

eavironments which could ﬁave produced the shallowing upward

successions present in the southern Cavalier County bioherms.

Maiklem

suggests that the Peace River-Athabaska Arch was elther periodically

preached by eustatiec fluctuations in sea level or very-high salinity

econditions in the evaporat{ive Dawson Bay Sea, resulted in the flow of

1ower-salinity water from
River-Athabaska Arch into

possible that less-saline

the deeper Devonian Sea through the Peace
the Elk Point Basin. It is similarly

waters offshore in the Dawson Bay Sea

periodically flowed through local stromatoporoid buildups into shallow,

very saline, Interbicherm

mechanism of periodiec freshening could have provided the

water depth required to explain localized repetition of,

or shoreward environments. Maiklems's (1971)
increased

shallowing-

upward, stromatoporoid sug¢cessions.

The biostromes in the

study area are interpreted to have formed at

shallower water depths th

epelric sea environment within wave base 1s suggested on

n the more localized bioherms. A shallow

the basis of

the higher energy requirements of ecylindrical and subspherical

stromatoporoids (James,

1983).

The fluctuations in sea level also

probably disrupted biostrome growth and resulted in the alternation of

the shallower and deeper water fauna observed.

According to Shaw

(1964) the slopes of epeiric seas were very low (on the order of 0.1

ft./mile) and topographic|irregularities such as bioherms, although of

small size, would have a

isproportionately large barrier effect. This

barrier effect could be expected to affect interbioherm and

interbiostrome sedimentat

jon as well as shoreward lithofacies D.

Fossiliferous stromatoporpid mudstones and wackestones are interpreted

to have been deposited pr

imarily in interbiostrome areas.




Mudstones predominate in
Wwackestones are common,
tounty. The preponderan
(Figure 49). According
by carbonate mud sedimen
The bioherms of 1lit
minimizing turbulance an

forming shoreward of the

M7

Lithofaciles 2

lithofacies D throughout the study area.

but occur most frequently in eastern Williams
ce of mudstone suggests shallow, calm waters

to Dunham (1962), calm water is characterized
tation.

hofacies C 'may have acted as barriers,

d preventing higher energy sands and oolds from
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7). Consequently, the presence of thin,

interfingering marine, shoreline cryptalgal boundstone (lithofacies F)

with lithofacies D in so

ntheastern Cavalier County, probably indicates

fluctuating water depths and lateral changes in depositional

conditions.
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l983).- Periodically floocded mud flats may be
of modern tidal flats according to Shinn.

I fenestral fabrics (such as occur in

robably the result of upward degasing from

e materials in muds (Shinn, 1983).
rolor-mottling are evidence of subaerial

1969).

Jithofacies D in northeastern Cavalier County

and in north-central Bottimeau County suggests regressive, shallowing-

upward, marine conditions quring accumulation.

During a marine

regression, shallowing conditions vary locally depending upon

differences in sea floor tq
:esulting in rapidly chang
the biota or sediments, wh
may not be present, or may
recognizable.

Wackestones are abundi
County and suggest higher ¢
ocecurrence of wackestones |
stromatoporoid builldups of
were indeed biostromes ratl

Peloidal packstones a
If pellets were originally

obscured due to mieritizat

ppography, with a relatively low slope
ing depositional environments. Consequently,
{ech characterize a particular lithofacies,

be too thin in the rock record to be

ant in lithofacies D in eastern Willlams
energy conditions in that area. This
provides additional evidence that the
lithofacies C in eastern Williams County

her than energy damping protrusive bioherms.
re: abundant in southwestern Bottineau County.
present in the study area, they were

fon. Modern and ancient very-shallow (depth

restricted) marine environments such as lagoons, shelves, and bays, are

characterized by peloidal ]

according to Enos (1983).

Intraclastic mudstone and wackestones

Fecal pellets are associated with Increased
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salinity (Heckel, 1972) ang in epeiric seas such conditions may develop
zany miles from the shoreline (Shaw, 1964). Heckel (1972) adds that in
the harsh, nearshore, shaljow marine environment, both salinities, and
vemperatures are higher. (onsequently, biota are less diverse, but
recal depositing fauna are|common (Heckel, 1972).

The most abundant faupa in lithofacies D are gastropods,
sstracods, brachiopods, and echinoderms. Trilobites, corals, blue-
green algae (?), Amphiporal(eylindrical stromatoporoids), and
caleispheres are minor to rare occurrences. Ostracods, gastropods, and

brachiopods are the most characteristic skeletal components of modern

and ancient very-shallow marine environments (Enos, 1983). Heckel
(1972) indicates that a typical hypersaline faunal assemblage includes
some types of smaller brachiopods, blue-green algae, ostracods, and

gastropods. He adds that the presence of corals and echinoderms

indicate clear water envirénments. According to Heckel (1972) coral
and echinoderm diversity drops abruptly away from the normal marine
environment suggesting that these biota in the Dawson Bay may be washed
in rather then indigenous.
Trilobites are known o have lived in very shallow, mud-bottomed
and hypersaline environments (Clarkson, 1979). However, trilobites
lived in habitats ranging from normal marine to brackish environments
and were infaunal to epiplﬁnktonic. Consequently, they may be washed
in and their environmental |significance may be limited (Clarkson, 1979)
(Bergstrom, 1972).
It should be noted that Amphipora, the 3 mm eylindrical

stromatoporoid, was genera]ly'common in very-shallow marine

environments during the Devonian (Read, 1973). Their rarity in
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1ithofacies D may reflect |fluctuating salinities or their destruction

during diagenetic dolomitization.

The evidence suggestg that lithofacies D was deposited in a
shallow, somewhat saline, and occasionally protected marine
environment. Shallowness could be attributed to proximity to the
shoreline, however, this is not a necessary requirement in an epeirie
sea with its very-shallow|bottom profile (Irwin, 1965).

Minor to abundant ampunts of bitumens and minor insolubles are
present throughout lithofgcies D. Environmental conditions during
deposition in the 1até Middle Devonian Dawson Bay Sea may have been
similar to the shallow mafpine conditions in parts of the modern Perslan
Gulf (Heckel, 1972). Heckel reports that Persian Gulf muds contain
fine terrigenous clays and the organie content is high in the finer
sediments since organisms| can settle out in the quiet envirilonment
without complete removal by the less-diverse burrowing fauna.
Lithofacies D is infierpreted to have been deposited in a very-
restricted shallow epeiric sea (Figure 49). The Dawson Bay Sea was
receding, but possibly with occasional minor readvances indicated by

the interfingering of lithofacies D with adjacent lithofacies. The

depositional environment|of 1ithofacies D and subsequent lithofacies of
shallower origin were probably greatly influenced by the energy
dampening effects of emergent shoals and islands in Bottineau and

adjacent counties (Platej1).
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Mudstone characterizes
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Lithofacles E

lithofacies E in the study area.

Restricted environments in which carbonate muds have the opportunity to

settle out produce mudstones (Dunham, 1962)(Figure 49).

Intraclastic wackestones and packstones, present in southwestern

Bottineau County, may provide evidence of subaerial exposure according

to Walker and Laporte (1970
intraclast formation is the
subsequent exposure to air,
weathering. They then call

redlistribute the intraclast

environments. Alternativel

commonly result from erosio

on the sea floor. Shinn (1

). Walker and Laporte indicate that

result of carbonate sedimentation with
induration, dessication cracking, and

upon flooding, from whatever cause, to

5 into the subaerial-shallow marine

v, Folk (1962) considers intraclasts to more
n of weakly consolidated carbonate sediments

083) adds that intraclasts can also form in

subagueous environments such as modern tidal channels proximal to tidal

flats.
Peloids are common con

by diagenetic processes in

stituents of lithofacies E, but are obscured

Cavallier and northern Bottineau Countiles.

In southeastern Williams County intraclasts are composed of peloids and

blue-green algae (7). It is important to note that these fragmental

peloidal and algal (?) accumulations are not in-place as indicated by

varying degrees of rounding

intraclasts suggests latera

and size. The presence of peloids and

! proximity to shallow-marine-shoreline

conditions (Shinn, 1983) and blue-green algae are abundant in modern

shallow seas according to Walker and Laporte (1970).

Crenulated and thinly

laminated micrite in association with high
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salinity, tolerant ostracdds and gastropods typifies lithofacies E.

These features suggest vefy-restricted subtidal conditions, too severe

for most laminae disrupting, burrowing organisms (Walker and Laporte,
1970). According to Shinn (1983), all varieties of horizontal
laminations are restricted to supratidal and upper intertidal

conditions in modern tidal flats.

Slightly lower salinities are suggested in southeastern Williams 4
County by the rare occurrdnce of burrow-mottling in lithofacies E. ;
Slightly greater water depth, or the frequent influct of lower salinity
water from proximal deeper water, could explain the presence of
burrowing organisms. Evidence for the proximity of deeper epeiric sea
conditions 1s the capping |of the Dawson Bay Formation in northeastern
Williams County by lithofacies C biostromes (Figure 49). The fact that
lithofacies C caps the Dawson Bay Formation in a marine regressive
environment suggests that |lithofacies E was depositing
penecontemporaneously shoneward of lithofacles C.

Lithofacies E is thenefore interpreted to have been deposited in
extremely shallow, very rgstricted, epeiric sea conditions (Figure 49).
However, slightly deeper depositional conditions were possible in
southeastern Williams County, where a pre-Dawson Bay erosional low

existed. A thicker carbonate section is present in that area according

to the Dawson Bay, carbonate unit, isopach map (Plate 1.

Lithofacies E

Cryptalgal boundstones typify lithofacies F and are present in all




123
cavalier and Bottineau County core. Stratigraphic -alternation with

adjacent lithofacies, suggests occasional marine transgressions (Figure ;5

47

Ancient, and even modern tidal-flat laminations, can be difficult
to interpret because some Jlayers are purely of sedimentary origin and
others are algae induced (Phinn, 1983). Modern algal stromatolites are

the result of the trapping|and binding of fine sediment grains by
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successive generations of mucilaginous blue-green algal mats in

intertidal environments (Laporte, 1967). Shinn (1983) extends the
environment of algal-lamingted sediment from the upper intertidal zone
to the overlying supratida]l zone.

Conclusive evidence of an algal origin of the crenulated,

generally oxidized laminatfions characteristic of lithofacies F is

missing. Certain ldentifieation would require antigravity structures
such as sediments adhearing to vertical sides of originally adhesive

algal surfaces or algal tupules (preserved original algal fillaments)

(Shinn ,1983). Consequent]ly, the term "cryptalgal" as proposed by

Aitken (1967) has been usefl in this report to denote the uncertain

™ origin of these diageneticglly altered, non-calcareous blue-green and

green algal laminations.
Abundant oxidized argfllaceous material and trace amounts of

gquartz silt to very-fine-gralned sand occasionally comprise thin

laminations within finely-erystalline dolomicrite. An experiment

conducted by Shinn (1983),| along the arid Persian Gulf coast, may
explain these occurrences.| Vaseline-coated glass microscope slides, .

emulating the adhesive surfaces of living algal stromatolites, were

€xposed to the wind with the adhered eolian sediments studied




strographically. Shinn r

e

~sontained approximately 60
sercentages of quartz silt
sediments was rusty-tan.
:q arid areas can result f}
—zrine flooding with depos
Uniformly miecrocrysta

cryptalgal boundstones may

calecium carbonates by dolog

secondary replacement orig

oreservation of fine textul

Nodular, streaky lamij
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eports that the eolian dust typleally
T detrital dolomite and unspecified
and clay. The color of the collected

Bhinn (1983) concluded that algal laminations
rom algal growth alternating with either
ition, or from eolian deposition.

lline dolomicrites associated with the

form as a result of secondary replacement of
nite (McKenzle and others, 1980). A
in is supported by the occasional

ral detail.

hated, and bedded mosaic anhydrite commonly

replace and displace crypt
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lgal laminations near the top of lithofacies

Evaporative dolomitization in modern supratidal flats, such as the

Persian Gulf, commonly inve¢lves gypsum and anhydrite precipitation

(Schreiber, 1981)(Schreibe
explanation for the occurr

Shinn (1983) cautions that

and otners, 1982) and suggests an
nce of the replacive anhydrite observed.

it is impossible in ancient anhydrite and

gypsum deposits to determiTe how much of the anhydrite has formed from

the replacement of gypsum,

Crenulated eryptalgal

and how much was primary.

laminae, dessication c¢racks, soft sediment

A . . .
deformation, ripple laminae, scour surfaces, burrows, rare fragmental

fossil laminae, peloids, ap

lithofacies F. All of the

Shallow~-marine-shoreline e

The horizontally-orien

°ryptalgal laminations in

\d intraclasts are locally present in
ge features are asscciated with the lower
nvironment (Shinn, 1983).

ited fenestral fabrics associated with

the study area are considered relilable
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supratidal indicators by Fischer (1964) in his descriptions of

mloferitas”. Shinn (1983)

either subaqueous or supra

suggests that fenestral fabrics can occur in

ti1dal environments. Subhorizontal fenestral

yugs may result from shrinkage and expansion, or wrinkles in algal mats

according to Shinn. He adds that subvertical fenestral fabriec, such as

occurs in Williams County,

is the result of organic decomposition with

subsequent degasing, or alr escape during flooding.

Lithofacles F, the uppermost lithofacies, is interpreted to have

been deposited along the shoreline of the Dawson Bay (epeiric) Sea

within the zone of marine water influence (Figure 49). The maximum

Dawson Bay Sea regession 3Is Interpreted to have reached a basinward

position between Cavalier and Bottineau Counties; between Cavalier

County and western Foster
Bay; and between western B
Coler-mottling provides ev
F is present in southweste
structural highs (Plate 1)

emergent from the Dawson B

County where lithofacies D caps the Dawson
ottincau and eastern Williams Counties.
idence for this interpretation. Lithofacies
rn and north-central Bottineau County on

, suggesting that shoals or 1slands were

ay Sea in the Bottineau area at this stage of

the recession. Lithofacids F is not present in Williams County

indicating an area of cont

inued submergence. The stromatolitie

shoreline of the modern Parsian Gulf (Shinn, 1983) offers a close

analogy to the epeiric se1 shoreline along which Devonian algal mats

grew.,

]
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Diagenesis is a term {

JENETIC INTERPRETATIONS

Introducetion

Lhat describes physical and chemical changes

in sediments and rocks aft*r deposition until the onset of metamorphism

(Wilson, 1975). According

to Wilson, carbonate rocks are very

sensitive to diagenesis. The most common carbonate diagenetic

processes are compaction, ¢ementation, pressure-solution, and

neomorphism (Shinn and RobBhin, 1983). Earliest diagenesis begins with

compaction immediately after sediment deposition on the sea floor.

Considering the estimated five million year period of Dawson Bay Sea

deposition (Bluemle and others, 1980), diagenesis had been underway in

the deeper sediments for millions of years before the shallowest

sediments were even deposifjed.

Choquette and Pray (1970) proposed three terms which have proved

to be useful in the description of diagenesis. Their terms,

"eogenetic", "mesogenetic", and "telogenetic" each denote the time of

diagenesis, the post-depositional burial environment or zone of

diagenesis, and the associated diagenetic processes. Eogenetic refers

to early and shallow burial processes; including both subaerial and

subaqueous shallow-subsurface environments. Mesogenetic 1nvolves those

Processes taking place aft4r deeper burlal below the major Influences

of processes operating at the surface. The water table is a practical

upper limit of the mesogengtic diagenetic environment. Telogenetic
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includes late stage proceg
snvironments associated w
According to Folk (19

occur in low Mg/Ca ratio «
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vadose, meteoric cements ¢

depth (below the water tab
crystal size; deep meteorl
crystals; and deep origin
form in conate waters assg
chloritic/montmorillonitig

Progressive pressures+
havé been subjected to ov

9

Wanless recognilzes three
reflect primary sedimentan
fabrics. These are his Ty
microstyolites.
Neomorphism includes
of aragonite to calecite),

to miecrospar, to pseudospa

alteration of strained cal

Y- structures,
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ses In the near-surface or subaerial

L1th erosion of long-buried carbonates.

T4), low-magnesium sparry calcite cements
nvironments. These Include shallow-depth,

£ 5 micron euhedral rhombs; intermediate

le), phreatic, meteoric cements of coarse
e~derived, complex anhedral, sparry calcite
coarse, complex, sparry calclte cements which
ciated with dolomite erystallization or

¢lay development.

s6lution features occur in carbohates that
rburdon or tectonic stress (Wanless, 1979)-
tyles of pressure-solution responses that

and

compositions, textures,

pe I styolites and Type II and III
the processes of: (1) inversion (conversion
(2) recrystallization (conversion of mierite
r), and (3) strain-recrystallization (the

cite to unstrained caleite) (Folk,1965).

The following diagendtiec features were recognized within Dawson

Bay Formation core in Norf
dolomite, pressure-solutig

calecite, secondary porosit

h Dakota: color-mottling, anhydrite,
n responses, calcite cement, neomorphiec

vy, halite, and hydrocarbons.
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Color-Mottling

According to Coogan (}967), marine regression can be interpreted

from evidence of subaerial|eXxposure. Diagenetic color-mottling

provides evidence of subaerial exposure and basinward movement of the

Dawson Bay Sea shoreline. |T

he lighter colors indicate leaching and the

red colors reflect oxidatign of iron minerals (Esteban and Klappa,

1983).

Local subaerial exposyre, perhaps on islands or shoals in the

Dawson Bay Sea, 1s suggestdd

by localized color-mottling in Bottineau

County core. More widespread subaerial exposure due to marine

evaporative regression ocecyrred along the edges of the Dawson Bay Sea.

Highly oxidized core from
exposure in that area of th

"Pseudoburrows" are dig

valier County suggests widespread subaerial
state.

tinetive forms of color-mottling that were

only observed in Cavalier County core. They are similar in appearance

Lo relict filled-burrows, bt occasional cross-cutting structures

provide evidence of their npn-burrowed origin. They are interpreted to

be the result of paleogroun
depositional structures suc

orlented "pseudoburrows" ar

water flow along paths controlled by
as cryptalgal laminations. Irregularly

assoclated with fenestral fabries or

bioclast ghosts, probably brachiopods. Groundwater flow through

fenestral porosity or bioel

sts appears to disrupt the direction of

flow resulting in both vertjcal and horizontal components. Groundwater

appears to have oxidized and

groundwater pathways and to

perimeter of the pathways.

leached iron minerals from the center of

have concentrated them along the outer

Thelr presence provides evidence of

S
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paleogroundwater movement in the eogenetic environment proximal to the

pawson Bay Sea and suggedts that llthologic textures influenced

groundwater flow.

McKenzie and others |{(1980) measured the movement of groundwater

peneath modern coastal sabkhas in the Perslan Gulf. They found that
subhorizontal groundwaten flow occurs throughout the year in the

regional direction of thé sea. In addition, McKenzie and others (1980)

found that downward diredted vertical flow toward the water table

occurs during winter or dpring storm recharge. They explained that

3
]
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vertical groundwater movement upward toward the ground surface occurs

v

during dry periods due td evaporative pumping (McKenzie and others,
1980).
VadoseAwaters contain oxygen which 1s transported into the
subsurface by groundwates. Iron minerals such as hematite and pyrite
are oxidized to various shades of red by exposure to oxygenated water.
Groundwater could be expacted to selectively, or more pervasively,
oxidize iron minerals if |the path of groundwater flow were controlled
by sediment or rock textyres.

Subhorizontal color<streaming of iron oxides to one side of relict
structures also suggests [the groundwater origin of "pseudoburrows".

The direction of paleogrdundwater flow could be determined only 1if

cores were recovered in fheir original orientation.

Anhydrite

In isolated areas cqypﬁalgal dolostones In lithofacies F are i




replaced by bedded nodulhd
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r, streaky laminated, and bedded mosaic

anhydrite. Lithofacies F anhydrites are interpreted to be of eogenetic

origin and to have forme&
Devonian Dawson Bay Sea 1

Modern algal mats in
iarge numbers of displaci
Schreiber reports that th
growth is that of evapors

In marine regressive cond

along the regressive shoreline of the Middle
n hot arid climatie conditions.

hot arid intertidal zones commonly contain
ve gypsum crystals (Schreiber, 1981).

e mechanism fér gypsum/anhydrite erystal

tive concentration of minerals from sea water.

itions, the supratidal lithofaciles migrate

shoreward, and within a flew meters of the shore, displacive lenticular

gypsum converts to anhydrite in the supratidal environment. These

pseudomorphs of gypsum gr
1981). Progressive repla

calcareous materials asso

ndually grow into nodular masses (Sehreiber,
fement of carbonates and displacement of non-

tiated with algal mats sequentially produce

the bedded nodular, streaky laminated, and bedded mosaic anhydrite.

Schreiber adds that algal

mats and associated carbonates are commonly

preserved within these sulfate layers.

Anhydrite also occurs$ in other Dawson Bay lithofacies underlain by

Prairie evaporites (Figure 1). The modes of occurrence include

disseminated, individual,

bladed laths; nodules composed of compact,

matted 1a£hs; and fracturds filled by elther matted, bladed laths or

Sparry anhydrite. All of

to be of late mesogenetic

these anhydrite occurrences are interpreted

origin based on the location of the

anhydrites within, or replpoing deep-burial dolomites.

The Dawson Bay Formatfion in northern Williams County 1is capped by

lithofacies C. This suggests that the regressive Dawson Bay Sea was

DOt so restrictive as to hhve exceeded the salinity tolerances of the
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normal marine fauna living in the bioherms. This environmental
interpretation is important when postulating the source of late
pesogenetic fracture filling anhydrite and halite. The source of the
mesogenetic Dawson Bay evaporlite minerals 1s interpreted to have been
the underlying Prairie Evaporite, because the relatively normal
salinities at the end of Dawson Bay time suggest that the Dawson Bay
Carbonates did not self-generate saline/sulfate brines. Thoﬁas and
Powell (1980) report that late fracture filling anhydrite and halite in
Northwest Exploration's No. 1 Pederson (NDGS #7877) in Temple Fileld,
Williams County, North Dakota, is the result of dissolution of
underlying Prairle evaporites, migration upsectlon, and subsequent
reprecipitation. They cited the Inereased concentrations of anhydrite
and halite proximal to the Prairie Salt as evidence. This same

observation was also made in this study.

Dolomite

The earliest dolomltization event within the Dawson Bay Formation
is interpreted to have been very-early, eogenetic, microcrystalline
dolomite replacement in association with cryptalgal replacive anhydrite
along the receeding Dawson Bay Sea sﬁoreline.

Dolomite replacement in hot arid climates occurs a few centimeters
above normal high tide on modern supratidal flats (McKenzie and others,
(1980). This nearly penecontemporaneous process involves bringing
underlying seawater to the surface by storm flooding, capillary action,

and/or evaporative pumping. Through evaporative concentration, gypsum
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and aragonlte precipitation remove caleium. This increases the
~agnesium to caleium ratio and dolomitization occurs.

Davies (1979) suggests that primary, or very-early diagenetic
dolomite often may be recognized by 1ts fine erystal size and the
preservation of fine textural detail. Preservation of textural detail ,
is occasionally observed in the laminated mudstones associlated with the
eryptalgal laminations of lithofacies F. This evaporite assoclated
dolomitization along the Déwson Bay Sea shoreline shifted basinward as
the sea retreated.

The remaining dolomites of the Dawson Bay Formation are
exceedingly variable in crystal size and distribution. Deep-burial
mosalc type dolomite (Mattes and Mountjoy, 1980) is the most common
occurrence of dolomite. Considering the approximately 3798 m (12,432
ft.) maximum burial depth of the Dawson Bay carbonate section in the
Williston Basin, deep burial mosaic dolomitization could be expected.
According to Mattes and Mountjoy, mosalc dolomite in the Miette Buildup
in Alberta is characterized by very-fine to coarse rhombohedra which
float within host mierite, or coalesce to form dense mosaics. They
postulate an intermediate, deep-burial mesogenetic environment, for the
mosalc type dolomite.

Dolomites associated with fractures and microstyoiites commonly
cross-cut mosaic type dolomlte In the study area. It can be inferred
that most fractures, and all microstyolites, are older than the mosaic
type dolomite. Mattes and Mountjoy (1980) interpret pressure-solution
associated dolomitization in the Miette Buildup to have occurred in the

late mesogenetic environment,the same environment interpreted for the

dolomites associated with fractures and pressure-solution features in
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tne Dawson Bay carbonates.

Calcite Cement

Caleite cement is most common throughout lithofacies C, but is
present in all lithofacies. Fibrous-radial and syntaxial overgrowth
cements are occasionally present in lithofacies C. Folk (1974)
suggests a submarine, or marine phreatic, ecogenetic origin for these
forms of calcite cement.

The Dawson Bay carbonates very commonly contain blocky-equant
calcite cements. This is particularly true in the deeper portions of
the Williston Basin. Mattes and Mountjoy (1980) recognized similar
occurrences in the Miette buildup In Alberta and suggest a shallow
eogenetic to deep mesogenetic environment of precipitation. The Dawson
Bay blocky-equant-calecite cements are interpreted to have formed in the

late mesogenetic because they commonly f£ill fractures which cut very

late mesogenetic microstyolites.

Pressure-Solution Responses

Pressure-solution responses have been shown to be the result of
Stress-induced solution (Wanless, 1979). Wanless states that
subhorizontally oriented Type I and Type II pressure-solution features,
such as those present in the Dawson Bay carbonates, are the result of

vertically-oriented overburden stress. This supports Dean's (1982)
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interpretation that the Dawson Bay Formation was deposited in a
rectonically stable period of time. It also suggests that the
williston Basin has remained relatively free of lateral stress of a
compressional nature since Dawson Bay time.

Type I "Sutured-Seam Styolites" occur only at the boundaries of
carbonates which have structural resistance to stress according to
(Wanless, 1979). In the Dawson Bay Formation, Type I styolites are
present in declining order of occurrence within boundstones,
sackstones, wackestones, and mudstones.

Type I pressure-solution features, when associated with mudstones,
always involve either allochems or prior variable cementation. Type I
styolites most commonly are present in the stromatoporoid boundstones
of lithofaciles C.

Type II "Non-Sutured Seam" pressure-solution responses, are common
throughout the Dawson Bay Formation. They are most common in
lithofacies B in association with high argillaceous content. The
structurally resistant stromatoporold boundstones of lithofacies C
contain the least number of microstyolites, swarms, and seams.

Diagenetically, both Type I and Type II pressure-solution features
are significant in that they provide a source of carbonate cement at
great burial depths (Bathurst, 1981). Type I styolites reduce porosity
and permeability by cementation in their immediate vacinity (Wanless,
1979). Type II pressure-solution features have been shown to be
conducive to the growth of 30-120 mieron size dolomite rhombs in areas
between nodules, and along microstyolites (Wanless, 1979). Pressure-
Solution dolomitization is Qery common in the Dawson Bay carbonates and

1s important to porosity development in the hydrocarbon producing NDGS

e e e e T i
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well #7877 in Williams County. Kissling (1984) 'suggests that Type II

sressure-solution carbonate volume reduction may induce tension
ores y

fractures which enhance porosity.

Neomorphic Calelte

Microspar is most common in the mieritic areas of lithofacies D

and lithofacies E. The patehy distribution of microspar in mierite,

and the fact that microspar cuts allochems, indicates that microspar is

the product of recrystallizaton (Folk, 1965). According to Folk,

microspar is most common in "normal marine" to brackish limestones,

rare in dolostones and highly saline or fresh-water limestones.

Pseudospar 1is associated with non-dolomitized micrite, or caleite

bloclasts, which are most common in stromatoporoid biostrome/bicherm

lithofacles C. Folk (1965) indicates that pseudospar forms by

inversion of organiec skeletons, such as aragonite skeletons to a mosaie

of coarsely-crystalline sparry calecite. He adds that pseudospar may

also form by recrystallization of micrite to coarser crystals of

different morphology than microspar. Bathurst (1981) reports that

Pseudospar shapes include equant grains that are uniformly greater than

micron size, irregular shapes and sizes with "wiggly" boundaries, or

random mosaics. The morphology differences within pseudospar are due
to differences in the mode of nucleation (Folk, 1965). Folk adds that

Mucleation within micrite results in mosailc pseudospar, whereas radial

and syntaxial overgrowths coﬁmonly reflect bioelast surface nucleation.

Mosaic, radial-axial, and syntaxial pseudospar forms all occur within
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tne carbonates of the Dawson Bay Formation.

Pseudospar occurs in the same environments as microspar (Folk,
1965). Bathurst (1981) adds that not only do the forms of neomorphlc
calcite occur together, but an evolutionary diagenetlec process exists
vetween micrite, microspar, and pseudospar. Folk (1974) states that
neomorphic caleite, such as occurs in the Dawson Bay carbonates of
North Dakota, forms in the eogenetic to late mesogenetic environments.
Mattes and Mountjoy (1980) concur with Folk (1974) on the basis of
their work in the Miette buildup in Alberta. Neomorphic
recrystallization is found In Dawson Bay limestones, dolomitice
limestones, and in dolomites. Consequently, the time of
recrystallization is uncertain, but is believed to have occurred within

the eogenetic to late mesogenetic range suggested by Folk (1974).

Porosity

Porosity development throughout the Dawson Bay lithofacles is
greatest in Bottineau County along the dissolution edge of the
underlying Pralrie Evaporite and in Williams County associated with the
Nesson Anticline. 1In both areas, porosity has been enhanced by
extensive, late mesogenetic fracturing. The late mesogenetic
interpretation is based upon the cross-cutting relationship that these
fractures have with deep-burial and pressure-solution dolomites. In
Bottineau County the fracturing is related to dissolution of the

Prairie Evaporite in post—Soﬁris River time (Dunn, 1982) (Anderson anit

Hunt, 1964). The isopach map of the Dawson Bay carbonate section
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iadicates that local extensive fracturing in Bottineau County is
~elated to the presence of topographic highs (Plate 1). In Williams
county, the fracturing 1s associated with the underlying Nesson
inticline (Plates 2 and 3) and may also reflect limited Prairie
svaporite dissolution. Similar fracture porosity could be expected
along the Prairie evaporite dissolution edge, but may not be as well
developed in areas where Dawson Bay topographic highs are absent (Plate
1.

The widespread stromatoporoid biostromes and local bioherms of ‘
lithofacies C laterally display the greatest Dawson Bay porosity,
particularly in Cavalier County where it is enhanced by vuggy porosity
development in the eogenetic environment under subaerial conditions.
Additlonally, multiple-fracturing has significantly improved
lithofacies C porosity locally in Williams and Bottineau Counties.

Dean (1982) indicated that maximum porosity development in
Northwest Exploration's #1 Pederson well in northeastern Williams
County (Appendix A) is at the top of the Dawson Bay Formation in rocks
that correspond to lithofacies C of this study (Table 2). According
to Dean, several factors contributed to the high porosity in the
producing #1 Pederson well: (1) the original depositional fabriec
consisted of coarse-grained fragmental carbonate and bioclasts with
micrite winnowed by current patterns, (2) the heightened entrapment of

magnesium carbonate waters, and longer reaction period due to shallower

water depths and slower rates of deposition, and (3) decreased halite
and anhydrite filling of pores.
Eogenetic vuggy-porosity development in all lithofacies, but

Particularly in lithofacles C, is greatest in areas where subaerial



exposure occurred. Intererystalline porosities were initially enhanced
in the eogenetic environment by evaporative dolomitization in
1itnofacies F. Subsequent mesogenetic burial and pressure-solution
dolomitization substantially increased Dawson Bay intererystalline
porosity. This late dolomitization was both locallzed and selective.

Eogenetic caleite cementation principally reduced moldie, vuggy,
and fracture porosity throughout the Dawson Bay carbonates. Anhydrite
and halite further reduced Dawson Bay porosity in late mesogenetic
environments. Anhydrite partially fills fractures in late burial
dolomites and replaces adjacent dolomite. Subsequent halite
precipitation filled vuggy and intererystalline dolomite porosity.
Vuggy porosity reduction by halite locally remains high throughout the
Dawson Bay Formation underlain by the Prairie Evaporite. However,
intercrystalline porosity reducticn appears to diminish upsection away
from the Prairie Evaporite. Subsequent to halite emplacement, the
fractures formerly filled by anhydrite were again reopened by
structural movement. Late mesogenetic, sparry calcite cementation,
locally filled fractures.

The problem of Dawson Bay Formation porosity reduction by late
anhydrite and halite is common regionally in the Williston Basin (Dunn,
1982). This porosity loss 1s most serious wherever carbonates are
underlain by evaporites (Shearman and Fuller, 1969). Porosity and
permeability variability characterises the Dawson Bay carbonates in

North Dakota.
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Halite

Halite commonly fills vugs and intercrystalline pores in dolomite
in areas underlain by Prairie evaporites. The source of the halite is
interpreted to be the Prairie evaporite deposits, based on the decrease
in halite quantity away from the evaporites and the absence of halite
in the Dawson Bay core in areas of the state not underlain by Prairie
evaporites. The Dawson Bay Formation as a source for the halite is
considered to be unlikely because relatively normal marine conditions
existed at the end of Dawson Bay time in large portions of the study
area. The time of halite emplacement 1s interpreted to have been late
mesogenetic because halite fills late mesogenetic mosale dolomites and
fractures.

Muitiple—stage fracturing of Dawson Bay carbonates suggests
multiple dissclution events in the Prairie evaporites. Structural
subsidence, supplimented by deep-burial, in the Williston Basin may

have resulted in halite dissolution and migration (Plates 2 and

3)(Anderson and Hunt, 1964).

Hydrocarbons

The main source of petroleum is organic matter buried with fine-

grained sediments. Usually this fine-grained sediment is clay, but

carbonates frequently contain high concentrations of organic matter

with or without e¢lay. Diagenesis of organic matter before, or durir.

migration, involves Increasing temperatures during burial (Chapman, :




140

1973).

Dark, organic rich shales are commonly assoclated with geologic
rormations that contain oil (Dickey, 1979). Consequently, the oxidized
red clays of the basal Second Red Bed member of the Dawson Bay

rormation are not a likely hydrocarbon source. According to Sherman

and Fuller (1969) evaporites often form effective barriers to the
aigration of hydrocarbons from lower source beds. The Prairie
evaporites probably blocked upward migration by hydrocarbons.
Hydrocarbons migrated into Dawson Bay reservoirs during late
mesogenic diagenesis since the hydrocarbons fill mesogenetic pores in
mosaic dolomites. Under deep-burial conditions, hydrocarbon migration
into grain supported lithofacies C rocks from overlying formations,

such as the Souris River, is possible due to over-pressuring. Lateral
aigration is also possible from younger, or older, fermations that are
stratigraphically lower then the Dawson Bay. Structural draping, such
as occurs over the Nesson Anticline due to basin subsidence, can
produce the stratigraphic conditions conducive to hydrocarbon migration
and/or entrapment,

In-situ evolution of Dawson Bay hydrocarbons is considered to be a
possible source for Dawson Bay oll. Baillie (1953) recognized the
abundance of bitumens in the Dawson Bay Formation. The carbonates of
lithofacies B are rich in bitumens. This abundance of bitumens
prompted Sandberg and Hammond (1958) to suggest the basinal facles as a
potential hydrocarbon source.

Late mesogenetic anhydrite, halite and calcite porosity reduction

limits the reservoir poteniial of all Dawson Bay lithofacles. The

+

diminishing amount of halite and anhydrite upsection away from t:e
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prairie Evaporite suggests improved reservoir potential higher in the
pawson Bay carbonate section. The medium crystalline dolomites of
iithofacles C in the study area have the greatest reservoir potential.

The results of ultraviolet light/chlorothene testing indicate the
presence of hydrocarbons in ten of the eleven cored Dawson Bay
carbonate sections in North Dakota (Table 1). Hydrocarbons were most
frequently detected in lithofacies B, C, and D throuéhout the study
area.

The only Dawson Bay hydrocarbon production is from Northwest
Exploration's Rye #1 well, Pederson #1 well, and Pederson #3 well
(Appendix C). These wells all produce from a structural trap (Dean,
1982) in Temple Field, Williams County, North Dakota associated with
the Nesson Anticline. Core from the most productive, Pederson #1,
suggests that extensive and recurrent fracturing is .common in Temple
Field. The antieclinal, structural, trapping mechanism in Williams
County may be supplemented by halite filled porosity and argillaceous
lithologies present in the basal Souris River Formation. In
southwestern Bottineau County, ultraviolet light/chlorothene testing
revealed hydrocarbons throughout the Dawson Bay core in the Blanche
Thompson #1 (Table 1). Late fracturing over a topographic high (Plate
1) is associated with this well and suggests hydrocarbon migration
control. Migration of hydrocarbons in the vacinity of the #1 Pederson
and Blanche Thompson #1 wells may have been toward their assoclated
late fractures as a consequence of fracture-induced pressure reduction.
It is possible that hydrocarbons are trapped beneath the replacive
anhydrites in lithofacies f assoclated with the depesitionally-thin

isopach anomalies in Bottineau and ad jacent Counties.
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If Dawson Bay hydrocarbons were generated in-situ, it is possible
that generation occurred in the very carbonaceous lithofacies B. A
similar occurrence in the Green River-Upper Wasateh Formations in the
ouchesne field in Wyoming produce crude oil that is thought to have
peen generated in-situ from carbonaceous sediments at depths of 3050 m
(10,000 ft.) or more (Hunt, 1979).

Hydrocarbon migration in the Dawson Bay is a late mesogenetic
event. Figure 5 shows hydrocarbons rimming a lithofacies E pore within
s late-mesogenetic mosalc dolomite matrix. The pore contains a calcite
cement rim which has subsequently been neomorphically recrystallized to
eogenenetic-late mesogenetic (Folk, 1974) optically continuous
oseudospar. Hydrocarbon presence was also indicated by microprobe
analysis.

Dunn's (1982) statement that the Dawson Bay Formation 1s capped
basinwide by cryptoerystalline dolomite mixed with anhydrite
(1lithofacies F) is not the case In the North Dakota portion of the
Williston Basin (Figure 47). However, localized stratigraphic trapping
by anhydrite is possible. Areas of thin Dawson Bay sediment
accumulation occur on the Dawson Bay carbonate isopach map (Plate 1).
These thinner intervals suggest locations of possible topographic highs
whieh locally are capped by replacive bedded-anhydrite in Bottineau,
Rolette, McHenry, and Foster Countles.

Production statistics for Northwest Exploration's three producing
Dawson Bay wells are presented in Appendix D. More than 281,000
barrels of oil have been produced from the Dawson Bay Formation since

1980 (Petroleum Information Corporation, 1980-1984)(NDGS, 1984).

Initial o1l production statistics have ranged from 340-895 BOPD.
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Production in each well is from stromatoporoid biostrome/bioherm
1ithofacies F in Williams County, North Dakota, associated with the
Nesson Anticline.

The sources of Dawson Bay hydrocarbons are In-situ generation from
1ithofacles B of the Dawson Bay, or lateral migration from an uncertain
source. Hydrocarbon entrapment postdates late-mesogenetic mosale
dolomite formation. The stromatoporoid biostromes of lithofacies C
have the greatest reservolr potential. Deep-burial dolomitization and
late multiple-fracturing have locally enhanced porosity and
permeability, but occurs locally throughout the study area. Multiple-
fracturing has resulted from periodic dissolution of the Prairie
evaporites with resultant collapse of the Dawson Bay. Core studies
reveal that Prairie evaporite dissolution is most extensive in areas
associated with anomalous depositional thinning in Bottineau County
(Plate 1). Similar anomalies are present in adjacent counties on the
Dawson Bay carbonate unit isopach map and may suggest areas conducive
to hydrocarbon movement or entrapment. Anhydrites locally replace
lithofacles F on these depositionally higher areas and may inhibit
upward migration of hydrocarbons. Halite filling of porosity decreases
upsection within the Dawson Bay carbonates underlain by the Prairie
evaporites and is absent in other areas of the state.

Multiple-fracturing is also present over the structural Nesson
Anticline (Plates 2 and 3). This fracturing may be the result of basin
subsidence with consequent draping of the Dawson Bay over the
structural high. It is also possible that dissolution of Prairie
evaporites has occurred above the Nesson Anticline as a result of

structural draping. Fracturing due to a combination of evaporite

o

T




144
dissolution and structural draping could enhance hydrocarbon movement

or entrapment over the Nesson Anticline.




DEPOSITIONAL MODEL AND HISTORY

A generalized schematic cross-section of the Dawson Bay Formation
1ithofacies and depositional environments in North Dakota is
11lustrated in Figure 49. Energy levels are indicated for each
iithofacies.

Approximately 375 million years B.P., the Dawson Bay (epeiric) Sea
began its transgression of the North American Craton (Bluemle and
others, 1980)(Figure 1). The transgression from the deep Devonian Sea
is marked by initial deposition of predominantly red-colored dolomitic
shales on top of a basal weathered surface. The red shales are
probably reworked materials of the transgressed weathered surface.

This basal eroslon surface and the overlying argillaceous sediments are
collectively called the Second Red Bed member of the Dawson Bay
Formation (Lithofacies A, Figure 49, Table 2). These sediments overlie
evaporites of the Prairie Formation in the northwest corner of the
study area (Figure 1) corresponding to the deeper portion of the Dawson
Bay Sea basin. In the shallower portions of the basin, the Second Red
Bed overlies subaerially exposed carbonates of the Prairie,
Winnipegosis, and Interlake Formations.

Marine life was limited in the initial Dawson Bay Sea because of
hypersaline conditions in the arid environment. The high salinity
resulted from evaporative concentration of minerals in the shallow sea.
Fauna tolerant of hypers;line conditions, sueh as gastropods and
brachiopods, predominate in the most basal Dawson Bay carbonates
(Lithofacies B, Figure 49, Table 2).
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Warm-hot prevalling winds approached the study area from the
present northeast across the Precambrian craton (Figure 1). A low
elevation carbonate sebkha environment formed on the adjacent subaerial
1andmass. The landscape to the east of the study area was probably
composed of hills with low, rounded, profiles similar to areas along
the modern Perslan Gulf. The topographic highs were composed of
subaerially exposed older carbonate formations. The only evidence of
low-lying lgneous and metamorphic Precambrian Shield rocks to the
northeast are trace amounts of eolian transported quartz silt and fine-~
sand grains in the lower carbonates of the Dawson Bay Formation.

Normal shallow epeiric sea conditions prevailed after the Dawson
Bay Sea reached a depth sufficient to dilute the initial hypersalinity.
Low topographic highs present in Bottineau and McHenry Counties may
have remained as low islands until they too were submerged by the
transgressing Dawson Bay Sea (Plate 1).

Brachiopods and echinoderms were most common in this very low
energy , relatively normal marine environment (Lithofacies B, Figure
43, Table 2). A few anthozoans, bryozoans, ostracods, red algae, and
frilobites also lived in this lime mud-bottomed epeiric sea.

The sea did not transgress the entire Williston Basin area to its
maximum depth all at once. Instead, transgression occurred in pulses
as marine water flooded across the Meadow Lake Escarpment in southern
Alberta and east-central Saskatchewan into the Williston Basin. Each
Néw influx of water was marked by a relative clearing of the diluted
Dawson Bay Sea and was marked by a period of reduction of lime mud
Sedimentation while deposition'of marine fauna continued on the sea

floor, Occasionally, the grainstones formed in these conditions were

&
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cemented by marine cements and formed hardgrounds (Dumn, 1982).

Fine organic material was produced in abundance in the Dawson Bay
Sea. These bitumens and eolian derived clays were disseminated
cuproughout the low-energy basal carbonate unit. Occasional, laterally
extensive, argillaceocus and biltumenous intervals reflect periods of
diminished carbonate sedimentation.

Nearer to shore, stromatoporolds began to flourish (Lithofacies C,
Figure 49, Table 2). Associated algae require sufficient light to
grow, indicating normal clear water conditions, and depths less than
approximately 15 m (50 ft.)(Irwin, 1965). However, the actual depth
was probably somewhat less due to the diffusion of light by the
abundant bitumenous and argillaceous material. Several stromatoporeoid
growth forms (James, 1983) are present and reflect variable water
depth, sedimentation rates, and wave energy

In Cavalier County local areas of deeper wabter existed as
indicated by the presence of slightly higher energy tabular
stromatoporoid bioherms which protruded slightly above the sea floor.
The carbonate unit isopach (Plate 1) also provides evidence of deeper
water locally in eastern Cavalier County. Post-Dawson Bay erosion
probably accounts for the local topographic irregularity. In this area
of topographic variability, tabular stromatoporoids grew upward,
alternating with shallower and higher energy subspherical
stromatoporoids and eylindrical stromatoporoids of shallow, low energy,
environments.

The Dawson Bay Sea is interpreted to have reached it greatest
depth during the Lithofacies C stromatoporoid buildup. According to

Heckel (1972), maximum transgression 1is usually reached at the time

/
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when stromatoporoids establish themselves across the sea floor.

The alternation of deeper-water tabular stromatoporoids with the
shallowing-upward succession of subspherical and, finally, cylindriecal
stromatoporoids was terminated each time by oxidation of the bioherm
wackestones and packstones. This is interpreted to mean that the
Dawson Bay Sea level or the sea floor was fluctuating during the
initial regressive phase. The shallowing of the sea may have resulted
from regional evaporation in hot arid conditions that existed behind
the stromatoporoid buildups along the Meadow Lake Escarpment northwest
of the study area. The rising salinity of the Dawson Bay Sea may have
permitted periodic deepening by diffusive influx of relatively normal
marine water from the open Devonilan Sea through the stromatoporoid
barriers (Maiklem, 1971). However, the fact that relatively-normal
epleric sea conditions continued through the end of Dawson Bay time in
Williams County suggests that salinity did not rise regionally, but was
a localized occurrence behind and between the shallower stromatoporoid
buildups.

Area-wide shallowing conditions permitted stromatoporoid
biostromes to spread across the sea floor. During lithofacies C
accumulation, brachiopod and echinoderm faunas appear to have
diminished in most of the study area. Relatively-normal marine

conditions persisted seaward of the stromatoporoid buildups during

stromatoporoid biostrome and localized bioherm dominance. The
stromatoporoid community also included anthozoans, brachiopods, blue-
green algae, bryozoans, echinoderms, gastropods, ostracods,
cephalopods, trilobites, and éalcispheres.

Occasionally, when the stromatoporoid buildups approached the

Sy
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surface of the sea, the higher energy conditions produced
biostrome/biocherm rip-up intraclasts. Locally, carbonate muds and
pioclasts accumulated in the low energy, deeper water environments
petween stromatoporold buildups. They were also commonly deposited
within the blostrome buildups at the end of shallowing-upward
successions resulting from the evaporative shallowing of the sea
followed by renewed influx of less-saline marine water.

In the nearshore areas adjacent to the stromatoporoid buildups,
very-shallow epeiric sea conditions developed (Lithofacies D, Figure
49, Table 2), domlnated by carbonate mud accumulation. environment.

In the higher temperature waters with lower energy conditions and
higher salinities, the wide diversity of normal marine fauna could not
exist, thus gastropods, ostracods, brachiopods, and echinoderms
predominated. WNormal-marine echinoderms and occasional anthozoans may
have washed in from the stromatoporoid buildups. Other less common
fauna that could tolerate the slightly increased salinity include blue-
green algae, trilobites, Amphlpora stromatoporoids, and caleispheres.

The muddy, although not exceedingly saline conditions, permitted
burrowing and boring organisms to flourish. Peloids, probably of fecal
origin, and carbonaceous material accumulated, testifying to the
abundance of marine fauna and vegetation in the very-shallow epeiriec
sea environment. Degasing of decaying organic material is evident in
the occurrence of fenestral fabries.

Rip-up intraclasts were carried into the very-shallow epeiric sea
environment from both the higher-energy stromatoporoid buildups and the
proximal, stromatoliltie, subaerial shoreline.

In present western Wells, northern Dunn, and locally In easternm
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williams Countiles, very-shallow marine conditions prevailed until
ieepening conditions returned with the Sourls River Sea transgression.

It should be noted that the geologic record not only records
shallowing epeiric-sea-conditions as shorelines are approached
iaterally in a single horizon, but also vertically in a regressive
succession (Heckel, 1972). The shallowing-upward succession of Dawson
Bay lithology indicates that, as regression continued, shallower
environments of deposition also moved basinward. Fluctuations, with
occasional minor transgressions, are indicated by the random stacking
of sediments from laterally-adjacent depositional environments. These
randomly-stacked sedimentary successions may alsoc reflect localized re-
entrant channels which permitted storm drainage of the backshore
sabkhas (Hardie and Garrett, 1977).

Even closer to the Dawson Bay Sea shoreline, environmental
conditions were very restrictive (Lithofacies E, Figure 49, Table 2).
In the extremely low energy and highly saline conditions, only
gastropods, ostracods, and localized blue-green algae lived. Fecal
pellet deposition and burrowing organism diverslty was lower in this
environment, but those flora and fauna present were abundant due to
limited competition. Bitumenous material was generated abundantly in
these restricted shallow-water conditions, and fenestral textures
commonly resulted from the decay of accumulated organic matter.

Trace amounts of quartz silt accumulated as the result of eoclian
transportation from the tectonically stable and low-lying Precambrian
craton to the northeast. Some quartz silt may have weathered out of
subaerially exposed older formations in the low backshore area.

Locally in eastern Williams County (Figure 47), restricted shallow-
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parine conaitions continued through the remaining Dawson Bay period of
deposition.

Algal stromatolites, interspersed with accumulating carbonate
nuds, grew along the Dawson Bay Sea shorellne on the mainland and on
emergent offshore islands (Lithofacles F, Figure 49, Plate 1). Tides
pay or may not have been present in the Dawson Bay (epeiric) Sea due to
its shallow water depth.

Subhorizontal fenestral textures associated with blue-green algae
stromatolites were common in these shoreline sediments. A few
hypersaline fauna, such as gastropods, were also present in association
with peloids of probable fecal origin. Burrows are very rarely present
locally near the base of the section, since most burrowers can not
tolerate hypersaline conditions (Walker and Laporte, 1970).

Storms occasionally deposited thin laminae of fragmental bioclasts
that originated in deeper water. Variable energy levels (Figure 49)
are suggested by these storm deposits. Oeccasilonal scour surfaces and
ripple laminae also indicate local high-energy conditions.

Evidence of subaerial exposure is provided by dessication cracks
with associated oxidized surfaces, and by color-mottling. Argillaceous
clay, and quartz silt to fine sand, is associated with algal
stromatolites and are probably of terrigenous eolian origin. The
larger sand sizes could have moved into the shoreline environment by
means of eolian saltation.

Shoreline sediments cap the Dawson Bay Formation on the present
Cavalier County mainland and on offshore Bottineau County islands
(Plate 1). These areas wefe exposed to subaerial diagenesis prior to

the invasion of the Souris River Sea. The subaerial exposure resulted
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in evaporative dolomitization and penecontemperaneous replacement by
anhydrite. Nodular and bedded-nodular anhydrite formed diagenetically

very close to the shorelines. As evaporative regression of the Dawson

Bay Sea continued, oxygenated waters moved downward and laterally
pasinward through the sediments, resulting In pervasive color-mottling.
Lithologically controlled "pseudoburrows" were formed at this time.
Diagenesis continued after the Souris River Sea transgressed
unconformable Dawson Bay weathered surfaces. Conformable Dawson
Bay/Souris River contacts are present in areas that were not emergent

during late Dawson Bay time.




CONCLUSIONS

1. The Middle Devonian Dawson Bay Formation carbonate unit is
present in the subsurface of North Dakota except where truncated by
post-depositional erosion. It is composed of dolomitic, fossiliferous
limestone, or dolostone. The carbonates have a maximum thickness of
47.5 m (156 ft.) and reach a maximum depth below the surface of 3798 m
(12,432 ft.) in the study area.

2. Five laterally persistant lithofacies can be recognized in the
Dawson Bay carbonates in Nerth Dakota. Characteristic fossil fauna,
flora, and other lithologic features distinguish each lithofacies.
Proceeding upsection the carbonate lithofacies are: Lithofacles B
(brachiopod-echinoderm wackestones and mudstones); Lithofacies C
(stromatoporoid boundstones, wackestones, and mudstones); Lithofacies D
(gastropod-ostracod-brachiopod-echinoderm wackestones and mudstones);
Lithofacies E (gastropod-ostracod mudstones); and Lithofacies F
(eryptalgal boundstones and mudstones).

3. The depositional history of the Dawson Bay Formation carbonate
unit is relatively simple and reflects the Interaction between a
changing strandline position, topographiec highs, and sedimentation in a
hot arid climate. After initial transgressive deposition of the basal
argillaceous Second Red Bed, lithofacies analysis of the carbonate unit
suggests the following shallowing-upward succession of depositional
environments and associated energy zones: shallow epleric sea (very
low energy); stromatoporoid biostrome/bioherm (low energy); very

shallow epeiric sea (very low energy); restricted shallow epeiriec sea

(extremely low energy); and shallow epeiriec sea shoreline (variable
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energy) . Subaerial exposure of stromatoporoid shoals, stromatolitie
island shorelines, and mainland stromatolite flats occurred.
stromatoporoid biostromes persisted in relatively-normal epeiric sea
conditions in northwestern North Dakota until the sea again deepened at
the beginning of Souris River time.

4, Gypsum and anhydrite replaced mudstones and displaced
stromatolitic boundstones locally along subaerially exposed shorelines
in the early eogenetic stage of diagenesis. Dolomlitization of these
same lithologles occurred penecontemporaneously.

5. Color-mottling and development of wvuggy porosity were important
early to late eogenetic events. "Pseudoburrows" are a distinctive form
of diagenetic color-mottling which reflect lithologic control of
paleogroundwater f{low.

6. Several Prairie Evaporite dissolution events are indicated by
multiple collapse-fracturing and dolomite-healing events in the
overlying Dawson Bay Formation. Collapse-fracturing assoclated with
ancmalous isopach thins in Bottineau and possibly adjacent counties is
comnon. Fracturing due to structural-draping is pronounced over the
Nessen Anticline.

7. Middle to late mesogenetiec, deep-burial mosaic dolomite 1is the
most common form of dolomite in the study area. It 1s extremely
variable in crystal size and distribution.

8. Type II microstyolites are the major late-mesogenetic pressure-
solution response in the Dawson Bay carbonates. Dolomitization is very
commonly associated with microstyolites. Pressure-solution responses
may have strongly influencea late mesogenetic in—sitﬁ hydrocarboen

generation and mobilization of carbonates in solution.
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9. Stromatoporoid buildups show the greatest porosity development
ian the study area. Sucrossic dolomitization along ffactures nas k;
greatly improved local porosity.
10. Hydrocarbons were either generated within the basal carbonate
1ithofacles or migrated laterally into the formation. Evidence is
present for at least one late mesogenetic migration event. Middle to

late mesogenetic anhydrite, halite, and calcite cementation restricts

the reservoir potential of the Dawson Bay Formation but does not

eliminate it. The stromatoporoid buildup lithofacles has the greatest

reservoir potential in the study area. Possible trapping mechanisms

for Dawson Bay hydrocarbons include structural, facies change, and E

diagenetic types.
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FUTURE STUDIES

1.) A palaecontological study of the Dawson Bay carbonates in
North Dakota is needed to add additional detail to the
interpretation of depositional environments.

2.) The wire-line picks along the erosional edge of the Dawson
Bay Formation in Cavalier County are tenuous and should be
reconsidered as part of a detailed stratigraphic study which would
include all core from the Precambrian through the Cenozoie.

3.) The relationship between "pseudoburrows" and
paleogroundwater flow should be given additional consideration.

4,) A detailed geochemical study of the late Dawson Bay
dolomites and calecite cements would refine the diagenetic history of
the Dawson Bay. Cathodoluminescence would probably add considerable
detail to the diagenetic history. A detailed diagenetic study
within the limitations presented by the uncertain halite presence in
the Dawson Bay core may identify diagenetic reservolrs and traps.

5.) The proposed in-situ generation of hydrocarbons from
lithofacies B should be investigated futher, particularly, the
relations between depth of burial, pressure-response features, and
hydrocarbon maturation.

6.) Hydrocarbon exploration in the study area should consider
the presence of the topographic highs on the Dawson Bay Formation,
carbonate unit, isopach map. Their relation to salt dissolution and
collapse, dolomltization, and the presence of possible capping
annydrite may provide both the required hydrocarbon reservoir
conditions and trapping mechanism.
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APPENDIX A

WELL LOCATIONS, LEGAL DESCRIPTIONS, AND

DAWSON BAY FORMATION (CARBONATE UNIT) PICKS

Well data is arranged alphabetically by county and numerically by
North Dakota Geological Survey well numbers within counties. The
standard Land Office Grid System is used to desiginate well locations.
The appendix heading uses the abreviations T., R., S., and QIRS. for
Township, range, section, and quarters respectively. Townships and
ranges are respectively north and west of the principle baseline and
meridian. The two quarters given define well locations in the first
and second quarters of a section. The Kelly bushing units are in feet
above sea level. The top of the Dawson Bay Formation and the top of
the Second Red Bed Member are given in feet below the Kelly bushing.
The thickness of the Dawson Bay carbonate interval is given in feet and
was obtained by calculating the difference between the top of the
Dawson Bay Formation and the top of the Second Red Bed. Dashes (-) are
used to indicate that the Dawson Bay Formation is not present.

Asterisks (*) indicate wells with Dawson Bay core that are described in

Appendix B.
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APPENDIX B

DAWSON BAY FORMATION (CARBONATE UNIT)

CORE AND THIN-SECTION DESCRIPTIONS

Cores and thin-sections are arranged alphabetically by county and
numerically by North Dakota Geological Survey (NDGS) well numbers with
counties. Core and thin-section depths are recorded from core-box
labels as filed with the NDGS Wilson M. Laird Core and Sample Library.
Thin-section descriptions are indicated by the designation, T.S.,
followed by the number of feet below the Kelly bushing from which the
rock sample was obtained. NDGS well number, well location, well name,
operator name, carbonate unit picks in feet below the Kelly bushing,
and Kelly bushing elevation are given in each heading.

Description format is as follows: rock name (Folk's, 1959,

classification system is followed by Dunham's, 1962, classificatiqn);
minerals; color; allochems; orthochems; porosity; structures;
ultraviolet light/chlorothene hydrocarbon test results (UV o1l tests);
and remarks. In each category the characteristics are listed in order
of decreasing abundance. Percent abundances were determined by visual
inspection and based on each interval described. Fossils are further
subdivided into types and the percentages are based on the total fossil
assemblage present in the sample.

Terminology used in the descriptions are those proposed by
Choquette and Pray (1970); Dunham (1962); Folk (1959, 1965); Maiklem
and others (1969); Mattes and Mountjoy (1980); Oyama and Takehara

(1967); Schreiber (1981); and Wanless (1979). "
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7 CAVALIER COUNTY
NDGS #27

LOCATIONS: T159N-R63W-S28, NW NW

WELL NAME: CHRIS SKJERVHEIM #1

COMPANY: UNION OIL QF CALIFORNIA

DAWSON BAY FORMATION TOP DEPTH: 2128.6'
TOP OF THE SECOND RED BED MEMBER: 2270.4'
CORED INTERVAL: 2128.6'-2270.4"

KELLY BUSHING ELEVATION: 1562'

INTERVAL AND DESCRIPTIONS

2128.6'-2134!

NAME: Microcrystalline, peloidal, ostracod dolomite (wackestone).

MINERALS: Dolomite (95%) matrix; Calcite (U4%) adjacent to fractures
(dedolomitization?); Anhydrite (1%) fracture fill.

COLOR: Light brownish-gray (7.5YR7/2) with occasional subhorizontal
dark red (7.5R3/4) iron oxide mottling.

ALLOCHEMS: Fossils (5-10%) ostracods (80%), gastropods (5%), and
unidentified fragments (15%); Peloids (3%) micritic; Intraclasts
(less than 1%).

ORTHOCHEMS: Dolomitized micrite (96%); Dedolomitized micrite (4%).

POROSITY: Intercrystalline.

STRUCTURES: Diagenetic oxide mottling; Ocecasional subhorizontal Type
IT microstyolite swarm; Ripple laminations and intraclasts near
top of section; Fractures (possible desiccation cracks) at upper
contact associated with iron oxides.

UV OIL TESTS: Absent at 2132'.

T.S. 2128.6'

NAME: Dolomitized, calcisphere and brachiopod biomicrudite
(wackestone).

MICRITE: (5%) dedolomitized adjacent to fractures.

FOSSILS: (15%) thin-shelled brachiopods (50%), unidentified fragment
ghosts (U40%), caleispheres (10%).

DOLOMITE: (75%) mierocrystalline, euhedral rhombs.

INSOLUBLES: (1%) horizontal orientation.

HEMATITE: (5%) oxidized, associated with fractures and
disconformable contact with formation above.

REMARKS: Color-mottling associated with diagenetic oxidation of
hematite.

T.S. 2133
NAME: Dolomitized, intraclastic, peloidal, brachiopod biomicrudite
(wackestone)
INTRACLASTS: (2%) bioeclastic dolomitized mierite compositilon.
PELOTIDS: (5%) associated with larger brachiopod fragments.
FOSSILS: (5-10%) thin-shelled brachiopods (80%), unidentified
fragments (20%).

DOLOMITE: (80-85%) microerystalline euhedral rhomb matrix.
HEMATITE: (3%) oxidized, associated with bioclasts, fractures, and
micro~-vuggy porosity.

2134 -2137"
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NAME: Mierocrystalline, fossiliferous, peloidal dolomite (mudstone-
wackestone).

MINERALS: Dolomite (100%)

COLOR: Mottled, light gray (7.5YR8/2) to dark red (7.S5R3/4).

ALLOCHEMS: Peloids (5-10%); Fossils (2-5%) ostracods (50%), blue-
green algae (30%), gastropods (20%).

ORTHOCHEMS: Dolomitized micrite (85-93%)

POROSITY: Intercrystalline.

STRUCTURES: Diagenetic color-mottling.

T.S. 2137

NAME: Dolomitized, peloidal, fossiliferous intramicrudite
(wackestone)

INTRACLASTS: (40%) rounded,with bioclasts, and ocecasional rimming by
sparry and radial-axial pseudospar.

PELOIDS: (5%) dolomitized micrite composition.

FOSSILS: (10%) fragmental, thin-shelled brachiopods (100%),
ostracods (less than 1%).

DOLOMITE: (42%) microcrystalline, euhedral rhomb matrix, and very
finely erystalline, euhedral rhombs, occasionally associated with
microstyolites.

INSOLUBLES: (2%) microstyolite associated.

HEMATITE: (1%) oxidized.

2137'-2141"

NAME: Microcrystalline, peloidal and fossiliferous dolomite
(wackestone).

MINERALS: Dolomite (100%)

COLOR: Mottled, light gray (7.5YR8/2) to dark red (7.5R3/4).

ALLOCHEMS: Fossils (10%) ostracods (50%), unidentified fossil
fragments (30%), gastropods (15%), blue-green algae (5-15%),
brachiopods (1%); Peloids (10%).

ORTHOCHEMS: Dolomitized micrite (80%).

POROSITY: Intererystalline.

STRUCTURES: Diagenetic color-mottling; Oecasional subhorizontal Type
I suture seam styolites.

UV OIL TESTS: Absent at 2138'.

2141 -2143

NAME: Microcrystalline cryptalgal dolomite (boundstone).

MINERALS: Dolomite (100%).

COLOR: Mottled, grayish red (7.5R6/2) with dark red (7.5R3/4) and
light gray (10YR8/1) along subhorizontal eryptalgal laminations.

ALLOCHEMS: Fossils (65%) blue-green algae (?7) (100%).

ORTHOCHEMS: Dolomitized micrite (35%).

POROSITY: Intercrystalline.

STRUCTURES: Diagenetlic color-mottling; Cryptalgal laminations;
Occasionally very abundant Type II microstyolite swarms.

UV OIL TESTS: Absent at 2142'.

T.S. 2141

NAME: Dolomltized, ostracod, brachiopod, and stromatoporoid
biomicrudite (wackestone).

FOSSILS: (20%) unidentified fragments (35%), cylindrical
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stromatoporoids (30%), brachiopod fragments (20%), echinoderm
fragments (15%), ostracods (10%), calcispheres (1%).

DOLOMITE: (80%) microcrystalline-lower euhedral rhomb matrix;
occasionally abundant, mlerocrystalline-upper, euhedral rhombs

disseminated in matrix; and common microcrystalline dolomite
euhedral rhombs adjacent to bioeclasts.

21432144

NAME: Miecrocrystalline fossiliferous dolomite (wackestone).

MINERALS: Dolomite (100%).

COLOR: Mottled, 1light gray (10YR8/2) to dark red (7.5R3/L4).

ALLOCHEMS: Fossils (20%) unidentified fragments (40%), brachiopod
fragments (25%), bored cylindrical stromatoporoids (20%),
ostracods (10%), echinoderm fragments (5%).

ORTHOCHEMS: Dolomitized micrite (80%).

POROSITY: Intererystalline.

STRUCTURES: Diagenetic color-mottling.

2144 -2151"

NAME: Microcrystalline cryptalgal dolomite (boundstone).

MINERALS: Dolomite (100%).

COLOR: Mottled, grayish red (7.5R6/2) with dark red (7.5R3/4) and
light gray (10YR8/1).

ALLOCHEMS: Fossils (50%) blue-green algae (?) (100%).

ORTHOCHEMS: Dolomitized micrite (50%).

POROSITY: Intercrystalline.

STRUCTURES: Diagemetic color-mottling controlled by subhorizontal
cryptalgal laminations, and masking cryptalgal laminations.
Occasional subvértical fracturing which controlled adjacent
diagenetic color-mottling; Angular unconformity.

UV OIL TESTS: Absent at 2145' and 2150'.

T.5. 2145

NAME: Dolomitized cryptalgal biolithite (boundstone).

FOSSILS: (40%) blye-green algae (?) (100%).

Dolomite: (59%) microcrystalline, euhedral rhomb matrix, and very-
finely-crystalline, euhedral rhombs associated with eryptalgal
laminations.

HEMATITE: (1%) oxidized, associated with cryptalgal laminations.

QUARTZ: (less than 1%) subrounded silt associated with cryptalgal
laminations.

REMARKS: Fenestral fabriec, occasionally well developed associated
with eryptalgal laminations; Soft sediment deformation; Micro-
angular unconformity.

T.S. 2149
NAME: Dolomitized eryptalgal biolithite (boundstone).
FOSSILS: (50%) blue-green algae (7) (100%).
DOLOMITE: (49%) mlerocrystalline, euhedral rhomb matrix; very rare
disseminated, very-finely-erystalline, euhedral rhombs.
HEMATITE: (1%) oxidized, assoeciated with cryptalgal laminations and
proximal to laminoid fenestral pores.

N

2151'-2157" |
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NAME: Fine-medium erystalline, fossiliferous dolomite (wackestone-
boundstone).

MINERALS: Dolomite (100%)

COLOR: Light gray (10YR8/1) with light gray (7.5YR8/1) and abundant
red (7.5R4/6).

ALLOCHEMS: Fossils (10-30%) cylindrical stromatoporoids (50%),
tabular stromatoporoids (20%), disarticulated—fragmented
brachiopods (20%), coral (10%).

ORTHOCHEMS: Dolomitized mierite (70-90%).

POROSITY: Intererystalline, intraparticle, fracture.

STRUCTURES: Abundant subvertical fractures within stromatoporoids;

Abundant Type I suture seam styolites near top of section.
UV OIL TESTS: Absent at 2153'.

T.S. 2153"

NAME: Dolomitized, peloidal, stromatoporoid biomicrudite
(wackestone).

FOSSILS: (10%) unidentified fragments (40%), tabular stromatoporoids
(30%), very-thin fragmental brachiopods (15%), echinoderm
fragments (5%), encrusting blue-green algae (?) (5%), gastropods
(3%), ostracods (1%),

PELOIDS: (5%) composed of dolomitized micrite.

DOLOMITE: (85%) microcrystalline, euhedral rhombs with dolomite
rimming to filling pores.

HEMATITE: (less than 1%) oxlidized, associated with fractures and
microstyolites.

T.S. 2157

NAME: Dolomitized, brachiopod and ostracod biomiecrudite
(wackestone).

FOSSILS: (10-15%) brachiopod spines and fragments (50%), ostracods
(25%), unidentified fragments (23%), echinoderm fragments (2%).

DOLOMITE: (85-90%) microcrystalline-lower, euhedral rhomb matrix
with abundant, dispersed, microcrystalline-upper euhedral rhombs.

HEMATITE: (less than 1%) proximal to fractures and larger
brachiopods.

2157'-2165"' Missing.

2165'-2181"

NAME: Very-finely-erystalline, stromatoporoid dolomite (boundstone).

MINERALS: Dolomite (30-80%); Caleite (20-70%) in bioclasts.

COLOR: Light gray (10Y¥R8/1) with llght gray (7.5YR8/1) and trace
grayish red (7.5R7/1).

ALLOCHEMS: Fossils (20-70%) tabular stromatoporoids (65%),
subspherical stromatoporoids (20%), cylindrical stromatoporoids
(10%), articulated and disarticulated brachiopods (5%), rugosan
coral (less than 1%).

ORTHOCHEMS: Dolomitized mierite (30-80%).

POROSITY: Interecrystalline, intrapartiele, fracture.

STRUCTURES: Very abundant diagonal and subvertical fractures.

UV OIL TESTS: Absent at 2176',

T.S. 2169




NAME: Stromatoporoid biolithite (boundstone)
FOSSILS: (100%) tabular stromatoporoids (100%).

DOLOMITE: (less than 1%) microerystalline, euhedral rhombs
disseminated within tabular stromatoporoids.

T.S. 2173

NAME: Dolomlitized stromatoporoid biomicrudite (mudstone-wackestone).

MICRITE: (3%) matrix.

FOSSILS: (5-10%) tabular stromatoporoids (45%), cylindrieal
stromatoporoids (30%), brachiopod fragments (20%), red algae (?)
(5%).

DOLOMITE: (87-92%) microerystalline, euhedral rhomb matrix and
abundant, medium erystalline dispersed euhedral rhombs, and minor
dolomite filling to rimming pores and fractures.

QUARTZ: (less than 1%) subrounded silt.

REMARKS: Abundant subvertical fractures which are commonly healed to
partially healed by dolomite euhedral rhombs.

T.5. 2177
NAME: Dolomitie, stromatoporoid and anthozoan biomicrudite
(packstone).
MICRITE: (10%) matrix.
FOSSILS: (70%) tabular stromatoporoids (50%), rugosan corals (50%)
DOLOMITE: (20%) finely-erystalline, euhedral rhombs disseminated in
matrix, and rimming pores.

T.5. 2181

NAME: Dolomitized fossiliferous bilomicrudite (mudstone).

FOSSILS: (5%) unidentified fragments (90%), thin fragmented
brachiopods (5%).

DOLOMITE: (95%) microecrystalline, euhedral rhomb matrix and minor
very-finely-crystalline, euhedral rhombs rimming pores.

2181'-2183"
NAME: Microecrystalline stromatoporoid dolemite (wackestone)
MINERALS: Dolomite (30%); Caleite (10%) fossils.
COLOR: Light gray 10YR8/1).

ALLOCHEMS: Fossils (10%) tabular stromatoporoids (80%), brachiopods
(20%).

ORTHOCHEMS : Dolomitized micrite (90%).

POROSITY: Intererystalline, pin-point vuggy, partially healed
fracture, moldie.

STRUCTURES: Occasional partlally healed fractures.
UV OIL TESTS: Show at 2182'.

2183'~-2193"

NAME: Microcrystalline brachiopod dolomite (wackestone).

MINERALS: Dolomite (90%); Calcite (10%) fossils.

COLOR: Mottled, reddish gray (7.5R6/1) microerystalline matrix and
light reddish gray (7.5R7/1) medium crystalline euhedral rhombs
assoclated with porosity.

ALLOCHEMS: Fossils (10%) brachilopods (90%), tabular stromatoporoids
(10%).

UV OIL TESTS: Absent at 2189',
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T.S. 2185
- NAME: Dolomitized fossiliferous biomicrudite (mudstone)
FOSSILS: (3%) unidentified molds and recrystallized fragments
(100%).
DOLOMITE: (97%) mierocrystalline, euhedral rhomb matrix and minor
very-finely-crystalline, euhedral rhombs rimming pores.

T.S. 2189
NAME: Dolomitized fossiliferous biomiecrudite (wackestone).
FOSSILS: (10%) unidentified molds and recrystallized fragments
(95%), cylindrical stromatoporoids (5%).
DOLOMITE: (90%) mierocrystalline, euhedral rhomb matrix and minor
finely erystalline, euhedral rhombs rimming to partially filling
pores.

T.S. 2193
NAME: Dolomitized fossiliferous biomierudite (wackestone).
FOSSILS: (10%) unidentified molds-vugs (100%).
DOLOMITE: (90%) very-finely-crystalline.
QUARTZ: (less than 1%) subrounded silt.

2193'-2224.3"

NAME: Very-finely-erystalline fossiliferous dolomite (wackestone).

MINERALS: Dolomite (100%).

COLOR: Light yellow-orange (10YR8/3) with rare dull orange (5YR7/3)
diagenetic color-+mottling associated with, stromatoporoid
replacing, medium crystalline dolomite.

ALLOCHEMS: Unidentified fossil fragments (30%), subspherical
stromatoporoids (25%), cylindrical stromatoporoids (20%),
brachiopods (10%), bryozoans (10%), corals (5%). Intraclasts
(2-5%) with possible bioclast ghosts.

ORTHOCHEMS: Dolomitized micrite (85%).

POROSITY: Moldie, intercrystalline.

STRUCTURES: Oecasianal healed subvertical fractures.

UV OIL TESTS: Absent at 2198', 2205', 2211', 2215', 2219', 2223'.

T.S5. 2197
NAME: Dolomitized fossiliferous biomicrudite (wackestone).

FOSSILS: (10-15%) unidentified molds-vugs (98%), brachiopods (2%).

DOLOMITE: (80-85%) mieroerystalline-very finely crystalline,
euhedral rhomb matrix; Occasional dolomite-healed fractures appear
as lighter colored, very-finely-crystalline, euhedral rhombs, in a

linear trend.

T.S. 2201

NAME: Dolomitized flossiliferous biomicrudite (mudstone).

FOSSILS: (3-5%) unidentified molds-vugs (100%).

DOLOMITE: (95-97%) microcerystalline, euhedral rhomb matrix with rare
very-finely-cerystalline, euhedral rhombs rimming to partially
filling pores. .

QUARTZ: (less than 1%) subrounded silt.

T.S. 2205
NAME: Dolomitized fossiliferous biomicrudite (mudstone-wackestone).
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FOSSILS: (5-10%) unidentified molds-vugs (100%).
DOLOMITE: (90-95%) microcrystalline, euhedral rhomb matrix and minor
finely-crystalline, euhedral rhombs rimming pores.

T.S. 2209
NAME: Dolomitized fossiliferous biomicrudite (wackestone).
FOSSILS: (10%) unidentified molds-vugs (100%).
DOLOMITE: (90%) microerystalline, euhedral rhomb matrix and minor
very-finely-crystalline to finely-crystalline, euhedral rhombs
rimming pores.

T.S. 2213
NAME: Dolomitized brachiopod biomierudite (wackestone).

FOSSILS: (10%) unidentified molds (95%), brachiopod fragments (5%).
DOLOMITE: (90%) microecrystalline, euhedral rhomb matrix and very-
finely-crystalline, euhedral rhombs rimming to filling moldie

pores.

T.S. 22717
NAME: Dolomitized brachiopod biomicrudite (wackestone).
FOSSILS: (10%) unidentified molds (90%), brachiopod fragments (10%).
DOLOMITE: Microcrystalline, euhedral rhomb matrix and minor finely-
cerystalline, euhedral rhombs rimming pores.

T.5. 2221

NAME: Dolomitized, peloidal, stromatoporoid biomicrudite
(wackestone).

PELOIDS: (10%) Ghosts.

FOSSILS: (15%) subspherical stromatoporoid (90%), unidentified molds
(10%).

DOLOMITE: (75%) very-finely-crystalline (lower), euhedral rhomb
matrix and occasional very-finely-erystalline (upper), euhedral
rhombs rimming pores.

T.S. 2225
NAME: Dolomitized brachiopod biomicrudite (wackestone).
FOSSILS: (10%) unidentified molds (90%), brachiopod molds (10%).
DOLOMITE: (90%) mieroerystalline, euhedral rhomb matrix and minor
finely-crystalline, euhedral rhombs rimming pores.

2224,31'-2228"

NAME: Very-finely-drystalline stromatoporoid dolomite (wackestone-
packstone).

MINERALS: Dolomite (100%).

COLOR: Light yellow-orange (10YR8/3) with occasional dull orange
(5YR7/3).

ALLOCHEMS: Fossils (10-15%) cylindrical stromatoporoid (40%),
brachiopods (30%), subspherical stromatoporoid (20%), bryozoan
(10%).

ORTHOCHEMS: Dolomitized micrite (85-90%).

POROSITY: Moldle, intererystalline, fracture-channel.

STRUCTURES: Very-ahundant irregularly oriented fractures.

UV OIL TESTS: Absent at 2227.4'.




2228'-2232"

T.S. 2229'

2232'-2234,3"

T.S. 2233

2234,31'-2236.2"
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NAME: Mieroerystalline stromatoporoid dqg
MINERALS: Dolomite (100%).
COLOR: Mottled, light gray (5YR8/1) to d
ALLOCHEMS: Fossils (B-20%) tabular strom
subspherical stromatoporoid (25%), cyl
(25%), brachiopods (20%), coral (5%).
dolomitized with finely ecrystalline dg

ORTHOCHEMS: Dolomltized micrite (80-92%).

POROSITY: Pin-point wvuggy, intererystall
(stromatoporoids).

STRUCTURES: Rare subvertical fractures.

UV OIL TESTS: Absent at 2230.7'.

NAME: Dolomitized brachiopod biomicrudit
FOSSILS: (10%) Brachiopod molds (70%), u
DOLOMITE: (90%) mierocrytstalline euhedr
crystalline, euhedral rhombs rimming p
HEMATITE: (less than 1%) associated with
REMARKS: Diagenesis proceeded as follows
biomicrudite and dissolution of fossil
adjacent to moldie pores; Rimming of m
erystalline dolomite, euhedral, rhombs

NAME: Microerystalline brachiopod dolomi

MINERALS: Dolomite (100%).

COLOR: Mottled, light gray (5YR8/1) to d

ALLOCHEMS: Fossils (10-15%) brachiopods
(80%), echinoderm fragments (20%).

ORTHOCHEMS: Dolomitized micrite (85-90%)

POROSITY: Intercrystalline, pin-point vug
STRUCTURES: Diagenetic color-mottling; O¢

fracture.
UV OIL TESTS: Absent at 2233'.

NAME: Dolomitized brachiopod biomicrudits
FOSSILS: (10%) brachiopod molds of disart
unidentified fragment molds (40%), ech]
(10%).
DOLOMITE: (90%) mierocrystalline, euhedri
very-finely-crystalline, euhedral rhom}
HEMATITE: (1%) assoclated with moldic-vug

NAME: Microcrystalline brachiopod dolomit

lomite (wackestone).
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53 Oxidation of hematite
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inoderm fragment molds

11 rhomb matrix and sparse
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MINERALS: Dolomite (95%); Calecite (5%) fgssils.
COLOR: Mottled, light brownish-gray (7.5YR7/1) and light gray

(7T.5YR8/2).

ALLOCHEMS: Fossils (20%) brachiopods (100%).

ORTHOCHEMS: Dolomitized micrite (80%).

POROSITY: Moldie, wvuggy, intercrystallinae.
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STRUCTURES: Extensive diagenetie color-mottling; Ocecasional to
abundant subvertical partially healed fractures.
UV OIL TESTS: Absent at 2235.5'.

2236.2'-2237" ‘

NAME: Very-finely-erystalline brachiopod dolomite (mudstone-
wackestone).

MINERAL: Dolomite (95%); calcite (5%) fossils.

COLOR: Mottled, 1ight gray (10YR8/1) and dull vellow-orange
(10¥R7/2).

ALLOCHEMS: Fossils (5-10%) unidentified fossil fragments-molds
(50%), brachiopod fragments-molds (40%), echinoderm fragments
(10%).

ORTHOCHEMS: Dolomitized micrite (90-95%).

POROSITY: Intererystalline, moldic-vuggy near top of section.

STRUCTURES: Diagemetic color-mottling.

T.S. 2237 :
NAME: Dolomitized brachiopod biomiecrudite (waskestone-packstone)
FOSSILS: (30%) brachiopod fragments (50%), unidentified fragments
(30%), echinoderm fragments (20%).
DOLOMITE: (70%) microcrystalline, euhedral rhomb matrix.
HEMATITE: (less than 1%) assoclated with bloclasts.

2237'-2246.3"

NAME: Very-finely-erystalline brachiopod dolomite (wackestone-
packstone).

MINERALS: Dolomite (90%); calcite (10%) bioclasts.

COLOR: Mottled, light gray (10YR8/1) with occaslonally abundant dark
red (7.5R3/6).

ALLOCHEMS: Fossils (10%) articulated brachiopods and fragments
(50-60%), ostracods (20%), unidentified fossil fragments (20%),
echinoderm fragments (2-10%), gastropods (2%), trilobite fragments
(less than 1%), ‘rugosan corals (less than 1%).

ORTHOCHEMS: Dolomitized micrite (90%).

POROSITY: Intercrystalline, vuggy, moldie.

STRUCTURES: Diagenetic color-mottling; Occasional Type II
microstyolite swarm with dark red color-mottling due to oxidation
of hematite; Occasional subvertiecal mierofractures with proximal
dark red color-mottling.

UV OIL TESTS: Show at 2238.5'; Absent at 2238.5', 2242.8' and
2245.5¢1,

T.S. 2241

NAME: Dolomitized brachiopod biomierudite (wackestone).

FOSSILS: (10-15%) brachiopods (35%), unldentified fossil fragments
(25%), gastropods (20%), echinoderm fragments (10%), ostracods
(10%).

DOLOMITE: (85-90%) mierocrystalline, euhedral rhomb matrix and
occasional dispersed very-finely-crystalline, euhedral rhombs, and
minor dolomite rimming pores.

HEMATITE: (1-2%) associated with moldic porosity.

REMARKS: Oxidation of hematite proximal to moldic pores was followed
by dolomite rimming.

Y
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T.S. 2245! ;

NAME: Dolomitized brachiopod biomicrudite (wackestone-packstone).

FOSSILS: (20-30%) articulated and fragmental brachiopods (45%),
gastropods (25%), unldentified fragments (20%), ostracods (10%),
echinoderm fragments (5%), bryozoan (1%), trilobite fragments
(less than 1%).

DOLOMITE: (70-80%) microcrystalline, euhedral rhomb matrix and minor
dolomite filling fractures.

HEMATITE: (less than 1%) oxidized, associated with moldic porosity.

REMARKS: A (0.1 mm'wide) dolomite filled discontinuous fracture is
present.

2246 .3'-2249"

NAME: Very-finely-erystalline brachiopod dolomite (wackestone-
packstone),

MINERALS: Dolomite (85-90%); Calecite (10-15%) bioclasts.

COLOR: Light gray (10YR8/1).

ALLOCHEMS: Fossils (10-15%) brachiopods (50-60%), ostracods (20%),
unldentified fragments (20%), echinoderm fragments (2-10%),
gastropods (2%), trilobite fragments (less than 1%).

ORTHOCHEMS: Dolomitized micrite (85-90%).

POROSITY: Intererystalline, vuggy-moldic.

UV OIL TESTS: Absent at 2248',

T.S. 2248.5"

NAME: Dolomitized brachiopod biomiecrudite (packstone).

FOSSILS: (60%) pseudopunctate and punctate brachiopods (85%),
unidentified fragments (10%), echinoderm fragments (5%).

DOLOMITE: (40%) mierocrystalline, euhedral rhomb matrix and
occasional, very-finely-crystalline, dispersed euhedral rhombs.

REMARKS: Bioclasts commonly reerystallized followed by micritization
and dolomitization.

22491 -2254"

NAME: Very-finely-arystalline brachiopod dolomite (wackestone).

MINERALS: Dolomite (100%) matrix and rimming pores.

COLOR: Mottled, light gray (10YR8/1) with very abundant red
(T.5R4/8) oxide staining.

ALLOCHEMS: Fossils (10%) articulated and fragmented brachiopods
(60%), ostracods (30%), echinoderm fragments (8%), gastropods
(2%).

ORTHOCHEMS: Dolomitized micrite (90%).

POROSITY: Intercrystalline, rare vuggy.

STRUCTURES: Very common diagenetiec color-mottling associated with
microfractures and proximal to biloclasts.

UV OIL TESTS: Show at 2250.3'.

T.S., 2252
NAME: Dolomitized brachicpod biomicrudite (packstone).
FOSSILS: (50-60%) brachiopod fragments (80%), ostracods (4%),
unidentified fragments (4%), echinoderm fragments (2%).
DOLOMITE: (40-50%) Microcrystalline, euhedral rhomb matrix.

2254 -2259,5"
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NAME: Very-finely-crystalline brachiopod dolomite (wackestone-
nmudstone).

MINERALS: Dolomite (100%) matrix and rimming pores.

COLOR: Mottled, light gray (10YR8/1) with minor reddish brown
(2.5YR4/6) assoaiated with mierofractures.

ALLOCHEMS: Fossils (1-10%) articulated and fragmented brachiopods
(60%), ostracods (30%), echinoderm fragments (8%), gastropods
(2%).

ORTHOCHEMS: Dolomitized micrite (90-99%).

POROSITY: Intercrystalline, wvuggy, microfracture.

STRUCTURES: Occasional Type II mierostyolite swarm, Rare Type I
suture seam styolite associated with wackestone/ mudstone contact;
Occasional irregularly oriented microfracture;

UV OIL TESTS: Show at 2254.1'; Absent at 2259'.

2259.5'-2261"
NAME: Very-finely-prystalline brachiopod dolomite (mudstone).
MINERALS: Dolomite (100%).
COLOR: Light gray (10YR7/1).
ALLOCHEMS: Fossils' (0-2%) brachiopod fragments (100%).
ORTHOCHEMS: Dolomitized micrite (98%).
POROSITY: Intererystalline, fracture (rare), moldic (rare).
STRUCTURES: Occasional partially healed subvertical to irregularly
orlented fractures.

T.S. 2261

NAME: Dolomitized fossiliferous biomierudite (wackestone).

FOSSILS: (10%) unidentified fragments (80%), ostracod molds (15%),
articulated and fragmental brachiopod molds (5%).

DOLOMITE: (90%) mierocrystalline, euhedral rhomb matrix and very
minor dolomite filling moldic pores.

2261'-2264,5"

NAME: Microcrystalline brachiopod dolomite (wackestone-packstone).

MINERALS: Dolomite ;(70-90%); Caleite (10-30%) bioclasts.

COLOR: Mottled, light gray (10YR7/1) to grayish red (7.5R6/2).

ALLOCHEMS: Fossils (10-30%) brachiopod fragments (70%), ostracods
(30%).

ORTHOCHEMS: Dolomitiized micrite matrix (70-90%) and rimming pores.

POROSITY: Intererystralline, moldie, pin-point wvuggy, wvuggy.

STRUCTURES: Diagenatiec color-mottling; Rare subvertical
microfractures, occasionally dolomite filled.

UV OIL TESTS: Absent at 2261.2', 2262.1' and 2264'.

T.S. 2263.8!
NAME: Dolomitized brachiopod biomicrudite (mudstone).
FOSSILS: (less than 1%) brachiopod fragment ghosts (50%),
unidentified fragment ghosts (50%).

2264.,5'-.2268.1!
NAME: Microcrystalline fossiliferous dolomite (wackestone-
packstone). i
MINERALS: Dolomite (80%); Calecite (20%) bioclasts.
COLOR: Mottled, light gray (10YR7/1) to light gray (10YR8/1) with
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rare dark red (7.5R3/6) iron oxide associated with rare
microstyolites.

ALLOCHEMS: Fossils (20-30%) ostracod fragments (30%), unidentified
fragments (30%), fragmented brachiopods (20%), echinoderm
fragments (20%).

ORTHOCHEMS: Dolomitized micrite (70-80%).

POROSITY: Intercrystalline, moldiec-vuggy.

STRUCTURES: Diagenktic color-mottling; Occasional irregularly
oriented and disecontinuous fractures which controlled late fine-
medium erystalline dolomitization and healed fractures; Occasional
Type I suture seam styolites; Subvertical open fractures which
cross-cut all earlier structures.

UV OIL TESTS: Absent at 2267.8' and 2266°'.

2268.1'-2268.6"

NAME: Very-finely-erystalline, echinoderm and brachiopod dolomite
(wackestone/packstone).

MINERALS: Dolomite (90%); Calecite (10%) bioclasts.

COLOR: Mottled,light gray (10YR7/1) matrix with diagenetie
"pseudoburrows" having a red (10R4/6) diffuse outline and a light
gray (10YR8/1) interior.

ALLOCHEMS: Fossils (15-20%) brachiopod fragments (40%), echinoderm
fragments (40%), unidentified fragments (15%), gastropods (5%).

ORTHOCHEMS: Dolomitized micrite (80-85%).

POROSITY: Intererystalline.

STRUCTURES: Bioclast associated diagenetic color-mottling resulting

"pseudoburrows",
UV OIL TESTS: Absent at 2268.4',

2268.6'-2269.3"

NAME: Microcrystalline brachiopod and echinoderm dolomite
(wackestone/packstone).

MINERALS: Dolomite (90%); Calecite (10%) bioclasts.

COLOR: Mottled, light gray (10YR8/1) matrix to oxidized dull yellow-
orange (1OYR7/2}.

ALLOCHEMS: Fossils (15-20%) echinoderm fragments (40%), brachiopod
fragments (40%), unidentified fragments (15%), gastropods (5%).

ORTHOCHEMS: Dolomitized micrite (80-85%).

POROSITY: Intercrystalline, moldic.

UV OIL TESTS: Absent at 2269'.

T.S. 2269

NAME: Dolomitized achinoderm biomicrudite (mudstone).

FOSSILS: (5%) echinoderm fragments and molds (100%), dolomite
euhedral rhomb replacement along fragment boundaries.

DOLOMITE: (95%) miaroecrystalline, euhedral rhomb matrix and very-
finely-crystalline, euhedral rhomb replacement along echinodernm
fragment boundaries.

BITUMENS: (less than 1%) disseminated.

QUARTZ: (less thanless than 1%) disseminated subrounded silt with
(0.1 mm) average diameter.

REMARKS: A single discontinuous Type II microstyolite is present in
the thin-section.
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2269.3'-2269.9"

NAME: Microcrystalline fossiliferous dolomite (mudstone).

MINERALS: Dolomite!(100%).

COLOR: Mottled, light gray (10YR8/1) matrix and dull yellow-orange
(10YR7/2) associated with diagenetic oxidation.

AL%OC;?MS: Fossils (0-3%) unidentified fragments (70%), gastropods
30%). é

ORTHOCHEMS: Dolomitized micrite (97%).

POROSITY: Intercrystalline, moldic (rare).

STRUCTURES: Subhorizontal diagenetic color-mottling.

2269.9'-2270.4"

NAME: Microcrystalline fossiliferous dolomite (packstone).

MINERALS: Dolomite (100%).

COLOR: Mottled, light gray (10YR7/1) with minor red (10R6/8) iron
oxide.

ALLOCHEMS: Fossils (30%) unidentified fragments (50%), gastropods
(30%), brachiopeds (10%), encrusting algae (?) (10%).

ORTHOCHEMS: Dolomitized micrite (70%).

POROSITY: Intercrystalline, moldie, wuggy.

STRUCTURES: Minor diagenetic color-mottling; Occasional, subparallel
and subvertical fractureswhich are partially healed by very-
finely-crystalline dolomite.

UV OIL TESTS: Absent at 2270.1'.

REMARKS: Base of the Dawson Bay carbonates.

T.S. 2270. 4"

NAME: Dolomitized dchinoderm biomicrudite (mudstone).

FOSSILS: (5%) echinoderm fragment molds (100%).

DOLOMITE: (95%) migroerystalline-lower, euhedral rhomb matrix and
occasional microcrystalline-upper euhedral rhombs, disseminated
and associated, with microstyolites or rimming moldic pores.

BITUMENS: (less than 1%) disseminated.

HEMATITE: (less than 1%) assoclated with Type II microstyolite
swarms and proximal to pores.

QUARTZ: (less than 1%) rounded to subangular silt, (0.1 mm) average
diameter, disseminated and very commonly associated with
microstyolites.

REMARKS: Second Red Bed contact.

2270.4"~ :

NAME: Very-finely-crystalline, intraclastic dolomite (wackestone).

MINERALS: Dolomite (100%); Hematite (less than 1%).

COLOR: Light gray (10YR7/1) matrix with minor red (10R6/8) iron
oxide mottling.

ALLOCHEMS: Intraclasts (10%); Fossils (2%) blue-green algae (100%).

ORTHOCHEMS: Dolomitized micrite (100%).

ORTHOCHEMS: Dolomitized mierite (88%).

POROSITY: Intererystalline.

STRUCTURES: Cryptalgal laminatlons (?); Diagenetic color-mottling;
Occasional subvertical subparallel partially healed fractures.

UV OIL TESTS: Absent at 2271'.




CAVALTER COUNTY
NDGS #31 :
LOCATION: T160N-R6DW-S32, NW SW
WELL NAME: WOHLETZ! #1
COMPANY: UNION OIL:'COMPANY
DAWSON BAY FORMATION TOP DEPTH: 1721
TOP OF THE SECOND RED BED MEMBER: 1832'
CORED INTERVAL: 1721'-1785'
KELLY BUSHING ELEVATION: 1612

INTERVAL AND DESCRIPTIONS

-1721!

NAME: Dolomitic fossiliferous limestone (packstone).

MINERALS: Calcite (80%); Dolomite (20%) microcrystalline euhedral
rhombs; Hematite (less than 1%).

COLOR: Dull yellowrorange (10YR7/3) oxidized.

ALLOCHEMS: Fossils (30%) brachiopods (45%) with articulated shells,
cylindrical stromatoporoids (40%), tabular stromatoporolds (15%).

ORTHOCHEMS: Micrite (60%); Dolomitized micrite (10%).

POROSITY: Intraparticle, intererystalline.

UV OIL TESTS: Show at 1720.6'.

REMARKS: Basal Souris River Formatioen.

1721 -1722"

NAME: Very-finely-erystalline, cryptalgal, dolomite (boundstone).

MINERALS: Dolomite.(99%); Hematite (1%).

COLOR: Mottled, light reddish~gray (10R7/1) matrix with dark
reddish~brown (7.5R3/3) associated with eryptalgal laminations and
diffuse boundaries of "pseudoburrows".

ALLOCHEMS: Fossils (30%) blue-green algae (?) (100%).

ORTHOCHEMS: Dolomitized micrite (70%).

POROSITY: Intercrystalline.

STRUCTURES: Cryptalgal laminations; Diagenetic-mottling resulting in
subhorizontal eryptalgal controlled "pseudoburrows"; Occasional
subvertical cross-cutting microfractures.

UV OIL TESTS: Absent at 1721.2¢'.

REMARKS: Upper Dawson Bay Formation.

T.5. 1722!

NAME: Dolomitized éryptalgal biolithite (boundstone).

FOSSILS: (30%) blue-green algae (7) (100%).

DOLOMITE: (68%) mi¢rocrystalline, euhedral rhomb matrix.

HEMATITE: (1%) oxidized, eryptalgal and "pseudoburrow" diffuse
boundary association.

QUARTZ: (1%) subrounded to subangular silt, with occaslonal very-
fine-grained sand, disseminated in mudstone matrix and assoclated
with eryptalgal laminatiens.

STRUCTURES: Irregularily oriented fenestral fabrie; controlled by
subhorizontal eryptalgal laminations.

1722'-1722.8"
NAME: Very-finely-c¢rystalline, brachiopod, dolomite (wackestone).
MINERALS: Dolomite  (99%); Hematite (1%).
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COLOR: Mottled, light gray (5YR8/2) matrix with diffuse dark red
(T.5R3/4) boundaries of "pseudoburrows".

ALLOCHEMS: Fossils (10%) brachiopods (100%).

ORTHOCHEMS: Dolomitized micrite (90%).

POROSITY: Intercrystalline, vuggy (occasionally).

STRUCTURES: Irregularily oriented, bioclast associated,
"pseudoburrows".

UV OIL TESTS: Absent at 1722.5',

1722.8'-1723.3"

NAME: Very-finely-crystalline, brachiopod, dolomite (packstone).

MINERALS: Dolomite (99%); Hematite (1%).

COLOR: Mottled, light gray (5YR8/2) matrix with diffuse dark red
(7T.5R3/4) solution boundaries.

ALLOCHEMS: Fossils [20%) brachiopods (100%).

ORTHOCHEMS: Dolomitized micrite (80%).

POROSITY: Moldiec, intercrystalline, pin-point vuggy.

STRUCTURES: Irregularily to vertically oriented color-mottling,
occasionally forming "pseudoburrows".

1723.3'-1725.2" ‘

NAME: Very~finely-crystalline, cryptalgal, dolomite (boundstone).

MINERALS: Dolomite (98%); Hematite (1%); Clay (1%).

COLOR: Mottled, light gray (5YR8/2) matrix with minor light reddish-
gray (10R7/1) dis¢ontinuous subhorizontal oxidation associated
with eryptalgal laminations.

ALLOCHEMS: Fossils (20%) blue-green algae (?) (100%) largely
obscured by nearly pervasive color-mottling.

ORTHOCHEMS: Dolomitized mierite (80%).

POROSITY: Intercrysialline.

STRUCTURES: Diagenetic color-mottling; Common color-mottling
obscured cryptalgal laminations; Occasional light-green clay
associated with eryptalgal intraclasts in the upper 15 cm.
Subvertical and subhorizontal miecrofractures in intraclast zones.

1725.2'-1725.6"

NAME: Microcrystalline cryptalgal dolomite (boundstone).

MINERALS: Dolomite (99%); Hematite (1%).

COLOR: Mottled, light gray (5YR8/2) matrix with dark red (7.5R3/4)
diffuse boundarieg of cryptalgal and vertically oriented, tubular,
fenestral pores assoclated with diagenetiec color-mottling.

ALLOCHEMS: Fossils (20%) blue-green algae (?) (100%).

ORTHOCHEMS: Dolomitiized micrite (80%).

POROSITY: Intercrystalline.

STRUCTURES: Diagenetic color-mottling; Cryptalgal lamlnatlons,
Reliet subvertical tubular fenestral fabrie. A single,
subhorizontal, anmastomosing microfracture near the top of the
section.

UV OIL TESTS: Show at 1725.5'.

1725.6'-1727
NAME: Very-finely-crystalline, cryptalgal, dolomite (boundstone).
MINERALS: Dolomite (99%); Hematite (1%).
COLOR: Mottled, light gray (5YR8/2) matrix with dark red (7.5R3/4)
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associated with eryptalgal laminations

ALLOCHEMS: Intraclésts (70%) of cryptalgal lamination composition;
Fossils (5%) blue-green algae (7).

ORTHOCHEMS: (25%) dolomitized mierite.

POROSITY: Intercrystalline.

STRUCTURES: Diagenetlc color-mottling; Cryptalgal intraclasts;
Cryptalgal laminations with common (mm) scale unconformities.

T.S. 1726"

NAME: Dolomitized ¢ryptalgal biolithite (boundstone).

FOSSILS: (30%) blud¢-green algae (?) (100%).

DOLOMITE: (69%) micerocrystalline, euhedral rhemb matrix, and minor
very-finely-crystalline, euhedral rhombs rimming vuggy pores.

HEMATITE: (1%) oxidized, associated with cryptalgal laminations.

QUARTZ: (less than 1%) subrounded silt associated with eryptalgal
laminations.

1727'=-1727.4°

NAME: Microcrystalline cryptalgal dolomite (boundstone).

MINERALS: Dolemite (100%); Hematite (less than 1%4).

COLOR: Mottled, light yellow-orange (7.5YR8/3) with dark red
(7.5R3/4) associated with nearly obscured cryptalgal laminations
and diffuse boundaries of "pseudoburrows".

ALLOCHEMS: Fossils (15%) blue-green algae (?) (100%).

ORTHOCHEMS: Dolomitized mierite (85%).

POROSITY: Intercrystalline, microfracture (rare).

STRUCTURES: Cryptalgal laminations (nearly obscured by color-
mottling); Diagenetic color-mottling to the point of nearly
complete distruction of original fabric; Diagenetic solution
"pseudoburrows"; Subvertically (tubular) and subhorizontal
(laminoid) fenestral fabric; Rare, subvertical, cross-cutting
micerofractures.

1727 4'-1727.5"

NAME: Microerystalline cryptalgal dolomite (boundstone).

MINERALS: Dolomite (100%); Hematite (less than 1%).

COLOR: Mottled, light yellow-orange (7.5YR8/3) with dark red
(7.5R3/4) diffuse iron oxide associated with subhorizontal
cryptalgal laminations.

ALLOCHEMS: Fossils (30%) blue-green algae (?) (100%).

ORTHOCHEMS: Dolomitized mierite (70%).

POROSITY: Intercrystalline, wvuggy (occasionally), channel
(occasionally).

STRUCTURES: Diagenefiec color-mottling; Cryptalgal laminations;
Channel porosity is open and the result of dissolution enlargement
of more porous cryptalgal partings.

1727.5'-1727.7"
NAME: Microerystalline cryptalgal dolomite (boundstone).
MINERALS: Dolomite (99%); Hematite (1%).
COLOR: Mottled, light yellow-orange (7.5YR8/3) with dark red
(7.5R3/4) associated with cryptalgal laminations.
ALLOCHEMS: Fossils (30%) blue-green algae (?) (100%).
ORTHOCHEMS: Dolomitized mierite (70%).
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POROSITY: Intercrystalline.
STRUCTURES: Cryptalgal laminations; Diagenetic color-mottling; Rare
anhydrite laths which partially fill microfractures.

1727.7'-1728" ,

NAME: Microcrystalline, intraclastic, cryptalgal dolomite
(boundstone).

MINERALS: Dolomite (99%); Hematite (1%). Anhydrite (less than 1%)
laths in moldic-channel porosity.

COLOR: Pale reddishrorange (2.5YR7/3).

ALLOCHEMS: Fossils K20%) blue-green algae (?) (100%); Intraclasts
{3%) cryptalgal composition.

ORTHOCHEMS: Dolomitized micrite (77%).

POROSITY: Intercrystalline, moldiec-channel.

STRUCTURES: Cryptalpgal laminations; Intraclasts of cryptalgal
composition; Diagenetic color-mottling; Rare microfracture.

1728'-1728.8" !

NAME: Microcrystalline, brachiopod and cryptalgal dolomite
(boundstone).

MINERALS: Dolomite (99%); Hematite (1%).

COLOR: Mottled, 1light gray (5YR8/2) with dark red (7.5R3/4) diffuse
"pseudoburrow" bolndaries and dull reddish-orange (10R6/3)
associated with cryptalgal laminations. v

ALLOCHEMS: Fossils (30%) blue-green algae (?) (95%), brachiopods
(5%).

ORTHOCHEMS: Dolomitized mierite (70%).

POROSITY: Intercrystalline, pin-point vuggy.

STRUCTURES: Diffuse, relict, cryptalgal laminations; Diagenetic
color-mottling controlled by, subhorizontal, cryptalgal
laminations and resulting in (6 cm) wide "pseudoburrows" with
occasional enclosed cryptalgal laminations.

T.S. 1728.5' '

NAME: Dolomitized, peloidal, cryptalgal biolithite (boundstone).

PELOIDS: (10%) assoepiated with diffuse cryptalgal laminations.

FOSSILS: (15%) blue-green algae (?) (100%) as diffuse, oxidized,
relict cryptalgal laminations.

DOLOMITE: (73%) microerystalline, euhedral rhomb matrix.

HEMATITE: (2%) oxidized along diffuse subhorizontal concentrations
and disseminated.

1728.8'-1729" j

NAME: Very-finely-c@ystalline, intraclastie, cryptalgal dolomite
(boundstone).

MINERALS: Dolomite (98%); Hematite (2%).

COLOR: Mottled, light gray (10YR8/2) with light reddish-gray
(T.5R7/1).

ALLOCHEMS: Fossils (20%) blue-green algae (?) (100%); Intraclasts
(3%) of diffuse, color-mottled, eryptalgal compositilon.

ORTHOCHEMS: Dolomitized micrite (77%).

POROSITY: Pin-point wvuggy, microfracture.

STRUCTURES: Diffusel, relict, cryptalgal laminations; Diagenetic
color-mottling of all structures; Diffuse, reliet, laminoid
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fenestral fabriey Abundant subvertical mierofractures in less
color-mottled matirix and healed where color-mottled.
UV OIL TESTS: Absent at 1728.9'.

1729'-1728.5"

NAME: Very—*inely-crySUalllne, brachiopod and cryptalgal dolomite
(boundstone).

MINERALS: Dolomite (98%), Hematite (2%).

COLOR: Mottled, light gray (10YR8/2) with light reddish-gray
(T.5R7/1). B

ALLOCHEMS: Fossils (20%) blue-green algae (?7) (90%), brachiopod
fragments (10%). ~

ORTHOCHEMS: Dolomiftized micrite (80%).

POROSITY: Intercrystalline.

STRUCTURES: Diffuse, relict, cryptalgal laminations; Diagenetic
color-mottling; Qiffuse, relict, laminoid fenestral fabriec.

1729.5'-1730

NAME: Very-finely-drystalline, cryptalgal, dolomite (boundstone).

MINERALS: Dolomite ((100%); Hematite (less than 1%).

COLOR: Mottled, light gray (10YR8/2) matrix with dark reddish-brown
(7.5R3/3) diffuse boundaries of cryptalgal laminations,
"pseudoburrows", iand laminoid fenestral fabric.

ALLOCHEMS: Fossils i(15%) blue-green algae (?7) (100%).

ORTHOCHEMS: Dolomitiized micrite (85%).

POROSITY: Intercrystalline.

STRUCTURES: Diagenatic color-mottling resulting in the diffuse
appearance of all structures and (2-3 cm) wide subhorizontal
eryptalgal lamination controlled "pseudoburrows". Diffuse,
relict, eryptalgal laminations; Diffuse, relict, laminoid
fenestral fabric.

UV OIL TESTS: Absent at 1729.6'.

1730'-1730.9"

NAME: Finely-crystalline dolomite (mudstone).

MINERALS: Dolomite (100%).

COLOR: Light gray (10YR8/1).

ORTHOCHEMS: Dolomitized micrite (100%)

POROSITY: Intercrysgtalline.

STRUCTURES: Subhorizontal, laminoid fenestral fabric; Abundant
subvertical, comionly healed, fractures; Fracture controlled
color-mottling.

UV OIL TESTS: Showlat 1730'.

1730.9'-1731!

NAME: Microcrystalline cryptalgal dolomite (boundstone).

MINERALS: Dolomite (99%); Hematite (1%).

COLOR: Mottled, light gray (10YR8/2) with dark reddish-brown
(7.5R3/3) oxidation of relict structures.

ALLOCHEMS: Fossils (10%) blue-green algae (?) (100%).

ORTHOCHEMS: Dolomiftized micrite (90%).

POROSITY: Intercrystalline. )

STRUCTURES: Diffuse, relict, eryptalgal laminations; Diagenetic
color-mottling obscuring all structures;
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1731'=1731.1" '

NAME: Microcrystalline dolomite (mudstone).

MINERALS: Dolomite 1(98%); Calecite cement filling fractures (2%);
Green clay (less lthan 1%).

COLOR: Light gray.

ORTHOCHEMS: Dolomitlized micrite (98%).

POROSITY: Intercrystalline, fracture.

STRUCTURES: Occasional, subvertical, fractures partially filled by
sparry calclte cement; Irregularily-oriented fenestral pores
filled by sparry icalcite.

1731.1'-1731.3" ,

NAME: Microcrystalline dolomite (mudstone).

MINERALS: Dolomite ((100%); Hematite (less than 1%).

COLOR: Mottled, light gray (10YR8/1) with minor subhorizontal dark
reddish browm (7.5R3/3).

ALLOCHEMS: Possible eryptalgal laminations this section.

ORTHOCHEMS: Dolomitized micrite (100%).

POROSITY: Intercrystalline, laminold fenestral vugs.

STRUCTURES: Subhorizontal tubular fenestrate texture; Subvertical
fractures. ;

UV OIL TESTS: Absent at 1731.2'.

T.S5. 1731.3"
NAME: Microcrystalline dolomite (mudstone).
DOLOMITE: (100%) mllerocrystalline, euhedral rhomb matrix with very
abundant, dispersed, very-finely-erystalline, euhedral rhombs.
QUARTZ: (less than 1%) subrounded silt.
REMARKS: Fenestral fabric; Porosity open.

1731.3'-1732" ;

NAME: Microcrystalliine cryptalgal dolomite (boundstone).

MINERALS: Dolomite (98%); Calcite (1%) cement rimming vuggy pores
and filling fractures; Clay (1%); Hematite (less than 1%)
oxidized, associajted with cryptalgal laminations.

COLOR: Mottled, bropnish gray (5YR5/1) to light brownish-gray
(7T.5YR7/2) with occasional dark red (7.5R3/6) to dull orange
(7.5YR7/3) associated with oxidized eryptalgal laminations.

ALLOCHEMS: Fossils (10%) blue-green algae (?) (100%).

ORTHOCHEMS: Dolomitized mierite (89%).

POROSITY: Fractures, intercrystalline, wvuggy.

STRUCTURES: Fenestral fabric; Diagenetic color-mottling; Large vugs
(3 em.-9 cm.) lined with calcite erystals with open pores;
Possible SH Stromptolite at 1731.6' on erosional surface with red
and green clays and occasional dessication cracks.

1732'-1732.8"

NAME: Finely-crystalline, intraclastie, cryptalgal dolomite
(boundstone).

MINERALS: Dolomite (99%); Calcite (1%) cement filled fractures and
rimming vuggy porks; Green clay (less than 1%).

COLOR: Mottled. light gray (10YR8/2) and dark red (7.5R3/4)
associated with cryptalgal laminations.

ALLOCHEMS: Fossils (20%) blue-green algae (7) (100%); Cryptalgal




intraclasts (2%) &t top of section. ,
ORTHOCHEMS: Dolomitized micrite (79%); Caleite cement (1%).
POROSITY: Pin-point wvuggy, intraparticle, fracture-channel.
STRUCTURES: Cryptalgal laminations with common micro-unconformities;
Cryptalgal intraclasts near the top of the section with green clay
on an erosional surface; Diagenetic color-mottling; Common
subhorizontal to idrregularly orlented fractures and mierofractures
displaying minor solution enlargement.
UV OIL TESTS: Absent at 1732'.

1732.8'-1735.5"

NAME: MicrocrySualline, intraclastie, cryptalgal dolomite
(boundstone).

MINERALS: Dolomite (99%); Hematite (1%) associated with eryptalgal
laminations.

COLOR: Mottled, dark reddish brown (7.5R3/2) to pale orange
(5YR8/3).

ALLOCHEMS: Fossils (30 60%) blue-green algae (?) (100%); Cryptalgal
intraclasts (10%).

ORTHOCHEMS: Dolomitized miecrite (30-60%).

POROSITY: Intercrystalline.

STRUCTURES: Cryptalgal laminations with (mm to cm) scale
unconformities; Cryptalgal intraclasts; Diagenetic color-mottling.

UV OIL TESTS: Absent at 1734 .

1735.5'-1737"

NAME: MicrocrySualﬂlne algal dolomite (mudstone).

MINERALS: Dolomite (97%); Hematite (3%) associated with algae (7).

COLOR: Mottled, Pale orange (5YR8/3) matrix to dark reddish-brown
(7.5R3/2) associated with algae (7).

ALLOCHEMS: Fossils (5%) Renalysis algae (?) (100%); Intraclasts
(less than 1%).

ORTHOCHEMS: Dolomitized mierite (95%).

POROSITY: Intercrystalline.

STRUCTURES: Diagenetic color-mottling; Fenestral fabrie, irregularly
oriented in lower portion of the section and horizontally oriented
in the upper section; Minor (em) scale intraclasts near top of
sectlon. ‘

UV OIL TESTS: Absent at 1736'.

T.S. 1736.9' :

NAME: Dolomitized intramicrudite (wackestone).

INTRACLASTS: (30%) rounded and of microcrystalline composition.

DOLOMITE: (70%) microcrystalline with dark colored subhorizontal
laminations.

QUARTZ: (less than 1%) silt and occasional fine-grain size,
occasionally elongate, all subrounded.

HEMATITE: (less than 1%) oxidized, associated with fractures and
disseminated.

REMARKS: Occaslonal vertical fracture; Disrupted laminae common.

1737'-1737.7"
NAME: MlCFOCFySualllne, argillaceous, cryptalgal dolomite
(boundstone).
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i

MINERALS: Dolomite (60-90%) matrix; Nontronite clay (10-40%) along
subhorizontal, cryptalgal, erosion surfaces.

COLOR: Mottled, light reddish-gray (2.5YR7/2) dolomite matrix and
(green) light gray (10Y¥8/1) nontronite clay.

ALLOCHEMS: Fossils {20%) blue-green algae (?) (100%); Intraclasts
(1%). f

ORTHOCHEMS: Dolomitized mierite (79%) partially altered to
nontronite clay. |

POROSITY: fracture, vuggy, fenestral.

STRUCTURES: Diagenetic color-mottling; Cryptalgal laminations;
Rounded to subrounded intraclasts and subhorizontal fractures at
the base of the seéation; Subhorizontal laminoid fenestral fabrie.

UV OIL TESTS: Absent at 1737.3'.

REMARKS: An X-ray amalysis of the green clay suggests smectitite
clay (nontronite),

1737.7'-1738.3" i

MINERALS: Dolomite (96%) matrix; Nontronite clay (U4%) associated
with an erosional surface and filling dessication cracks.

COLOR: Mottled, light reddish-gray (2.5YR7/2) matrix with (green)
light gray (10Y¥8/1) nontronite clay.

ALLOCHEMS: Fossils (5%) blue-green algae (?) (100%).

ORTHOCHEMS: Dolomitized micrite (95%) altered to nontronite clay on
erosion surface.

POROSITY: Intercrystalline, fracture.

STRUCTURES: Dessication cracks on erosion surface; Cryptalgal
laminations; Diagénetic color-mottling; Subhorizontal and
subvertical fractures.

UV OIL TESTS: Absent at 1737.9'.

NAME: Microcrystalltne eryptalgal dolomite (boundstone).

T.S. 1737.8' :

NAME: Dolomitized algal biomicrite (mudstone).
CALCITE CEMENT: (2%) blocky and coarse, filling fractures and moldie

pores.
FOSSILS: (5%) Renalysis algae (?) (80%), unidentified fossil

fragment ghosts (20%).

DOLOMITE: (93%) mictoerystalline, euhedral rhomb matrix and common
disseminated, finely-crystalline, euhedral rhombs.

HEMATITE: (less than 1%) oxidized, disseminated in matrix and
associated with cryptalgal laminations. :

1737.7'-1738.3"

NAME: Finely-crystalline dolomite (mudstone).

MINERALS: Dolomite [100%); Hematite (less than 1%).

COLOR: Pale orange (5YR8/3).

ORTHOCHEMS: Dolomitfized mierite (100%)

POROSITY: Fenestralj intererystalline.

STRUCTURES: Subhorigontal laminoid fenestral fabric; Diagenetic

color-mottling.

1738.6'-1739.1"

NAME: Finely-crystalline dolomite (mudstone).
MINERALS: Dolomite (98%) matrix; Calecite (2%) cement occasionally
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filling fenestral pores. ,

COLOR: Mottled, li%ht brownish~-gray (7.5YR7/2) and pale orange
{(5YR8/3).

ORTHOCHEMS: Dolomitized mierite (100%).

POROSITY: Fenestral (occasionally filled by calcite cement),
fracture, intercrystalline.

STRUCTURES: Diagenetic color-mottling, commonly controlled by
fractures; Common subvertical and subparallel fractures, and
healed microfractures; Subvertical (tabular) and subhorizontal
(laminoid) fenestral pores in the top (4 cm) of the section,
commonly filled By calecite cement.

UV OIL TESTS: Absent at 1739'.

1739.1'-1739.6"

NAME: Finely-crystalline dolomite (mudstone).

MINERALS: Dolomite :(100%).

COLOR: Mottled, light reddish-gray (7.5R7/1) matrix with grayish red
(7.5R4/72) and (green) light gray (10Y8/1).

ORTHOCHEMS: Dolomitized micrite (100%).

POROSITY: Intercrystalline.

STRUCTURES: Diagendtic color-mottling associated with

microstyolites; OQccasional Type ITI microstyolite swarms in upper

section; A single Type I suture seam styolite marks the base of
this section; Reiatively unaltered dolomitized micrite in this

section displays i subhorizontal, laminoid, fenestral fabriec.

1739.6'-1741.5"

NAME: Dolomitiec stromatoporoid biomicrudite (wackestone-packstone).

MINERALS: Caleite (45-65%) bioclasts, and occasional sparry crystals
lining vuggy poras; Dolomite (35-55%) matrix.

COLOR: Light reddish-gray (7.5R7/1).

ALLOCHEMS: Fossils (40-60%) cylindrical stromatoporoids (60%),
subspherical strdmatoporoids (30%), brachiopods (5%) with
articulated shells, gastropods? (5%).

ORTHOCHEMS: Dolomifized micrite (35-55%).

POROSITY: Intercrystalline, intraparticle, pin-point vuggy, vuggy.

STRUCTURES: Bioclasgtic.

UV OIL TESTS: Absent at 1740.9*.

i

T.S. 17471

NAME: Dolomitiec algal biomicrite (packstone-boundstone).

MICRITE: (20%) micmocrystalline matrix.

CALCITE CEMENT (5%).

FOSSILS: (70%) Renalysis algae (?) (87%), brachiopods (5%),
calecispheres (5%), echinoderm fragments (3%).

DOLOMITE: (1%) disseminated, microcrystalline euhedral rhombs.

HEMATITE: (less thdn 1%) disseminated.

1741.,5'-1742" :

NAME: Dolomitic stnomatoporcid biomicrudite (packstone).

MINERALS: Calecite (60-70%) bioclasts; Dolomite {30-40%) matrix.

COLOR: Light gray (10YRE/2).

ALLOCHEMS: Fossils ((60-70%) subspherical stromatoporoids (50%),
cylindrical strematoporoids (50%).
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ORTHOCHEMS: Dolomiuﬁzed mierite (30-40%).

POROSITY: Inurapart cle, intercrystalline, mierofracture, wvuggy (to
3 ecm).

STRUCTURES: Occa51opa1 Type I suture seam styolite.

1742 -1749"

NAME: Dolomitized sbromatoporoid biolithite (boundstone).

MINERALS: Calcite (M0-99%) bioclasts; Dolomite (1-60%) matrix.

COLOR: Mottled, light gray (10YR8/2) to dark red (7.5R3/4)
associated with styolites.

ALLOCHEMS: Fossils (40-90%) tabular stromatoporoids (20-100%),
subspherical stromatoporoids (0-80%), eylindrical stromatoporoids
(0-80%), brachioppds (0-1%).

ORTHOCHEMS: Dolomitized micrite (1-60%) inecreasing upward.

POROSITY: Intrapartiecle, intercrystalline, microfracture, fracture.

STRUCTURES: Occasional Type I suture seam styolite, commonly
oxidized; Occasiopal subvertical miecrofractures and fractures,
commonly filled of lined with caleite cement.

UV OIL TESTS: Absenk at 1742.5', 1743.2' and 1745.3'. Show at
1747.5'. Absent at 1748.5'.

T.S. 1745

NAME: Dolomitized stromatoporoid biomicrudite (wackestone).

MICROSPAR: (1%) repllacement of dolomite adjacent to pores
(dedolomitization).

CALCITE CEMENT: (6%@ rimming and filling vuggy pores.

FOSSILS: (20%) tabular stromatoporoids (60%), subspherical
stromatoporoids (15%), eylindrical stromatoporoids (10%),
unidentified fossfil fragment ghosts {10%), brachiopods (5%).

DOLOMITE: (74%) mlcrocrySuallln evhedral rhomb matrix.

REMARKS: Dedolomitipation.

T.S. 1748.1"

NAME: Stromatoporoid biolithite (boundstone).

CALCITE CEMENT: (S%D occasionally fi1lling intraparticle pores and
fractures.

FOSSILS: (95%) tabunar stromatoporoids (94%), cylindrical
stromatoporoids (E%), brachiopods (2%).

REMARKS: Occasionall Type I suture seam styolite; A subvertical
fracture occurs within the tabular stromatoporoid. |

T.S. 1749! ;
NAME: Dolomitized bracnlopod stromatoporoid biomicrudite
(wackestone).

MICRITE: (10%) matrix.
CALCITE CEMENT: (1%) occasionally filling intraparticle pores.

FOSSILS: (15%) stromatoporoid fragments (60%), brachiopod fragments
and ghosts (30%),| echinodernm fragments (5%).

DOLOMITE: (74%) micpocrystalline to finely crystalline euhedral
rhombs disseminated in matrix and bioclasts.

REMARKS: Open microfractures.

NAME: Very-finely-cpystalline, stromatoporoid, dolomite

1749'-1751.5" | ‘
!
(boundstone). j
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MINERALS: Dolomite: (99%); Calecite: (1%) cement occasionally filling
microfractures ang rimming vuggy pores.

COLOR: Mottled, 11gbt gray (7.5Y8/1) and dull yellow-orange
(10YRT/2).

ALLOCHEMS: Fossils KSO—?Op) tabular stromatoporoids (70%),
subspherical stropatoporoids (18%), cylindrical stromatoporoids
(10%), brachiopods (2%) shells disarticulated and articulated.

ORTHOCHEMS: Dolomitized micrite (30-50%).

POROSITY: Intrapartfele, microfracture, vuggy.

STRUCTURES: Common Eubvertical microfractures; A single Type I

suture seam styolfite near base of section associated with red iron
oxide color-mottling.
UV OIL TESTS: Shows|at 1749.6' and 1751'.

1751.5'-1757.5"

NAME: Microcrystalline stromatoporoid Dolomite (wackestone).

MINERALS: Dolomite (100%).

COLOR: Mottled, light gray (10YR8/2) with occasional bluilsh gray
(10BG5/1) and light greenish-gray (7.5GY8/1).

ALLOCHEMS: Fossils (20%) cylindrical stromatoporoids (99%),
brachiopods (1%) shells articulated.

ORTHOCHEMS: Dolomitlized micrite (80%).

POROSITY: Moldie (abundant), pin-peint wvuggy, microfracture, wvuggy,
channel (1752'-1762.5'), shelter.

STRUCTURES: Abundant to very abundant, subvertical, generally healed
mierofractures; Apntoclastic.

UV OIL TESTS: Absenk at 1751.5'. Show at 1752.1' and 1754.2'.

T.S. 1754

NAME: Dolomitized brachlopod biomicrudite (wackestone).

FOSSILS: (10%) unidentified fossil fragment molds (80%), brachiopods
(20%) shells artipulated.

DOLOMITE: (950%) mictocrystalline, euhedral rhomb matrix and
miecroerystalline-hpper euhedral rhombs assoclated with
microstyolites. i

REMARKS: Brachiopod@geopetal structure; Type II microstyolite swarm.

T.S5. 1757 :

NAME: Dolomitized ‘pssillferous biomicrudite (mudstone-wackestone).

FOSSILS: (10%) unldbntlfled fossil fragment molds (95%), brachiopod
molds (5%).

DOLCOMITE: (30%) micr0crystalllne, euhedral rhomb matrix, with very-
finely-crystalling, euhedral rhombs, healing mierofractures, and
common microcrystélline-upper disseminated euhedral rhombs
associated with mlierostyolites.

REMARKS: Fractures partially-healed by dolomite; Occasional Type II
individual microstyolite.

1757.5'-1761" '
NAME: Microcrystalline stromatoporoid dolomite (wackestone).
MINERALS: Dolomite (98%) matrix and replacement of bioclasts;
Caleite (2%) pseufiospar recrystallization of bioclasts.
COLOR: Mottled, blufish gray (10BG5/1) microcrystalline matrix and
grayish white (NBY ) medium-coarsely crystalline dolomite euhedral
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!
rhombs with occagional light greenish-gray (7.5GY8/1) and pale
orange (5YR8/4).
ALLOCHEMS: Fossils:(20%) tabular stromatoporoids (50%), cylindrical
stromatoporoids {50%).
ORTHOCHEMS: Dolomitized micrite (98%).
POROSITY: Moldie, s$ubvertical microfractures, pin-point wvuggy.
STRUCTURES: Abundamt subvertical microfractures; Occasional
subhorizontal mi¢rofractures; Diagenetic color-mottling.
UV OIL TESTS: Show$ at 1755.5', 1758.7' and 1760.8',

T.S. 176 1!
NAME: Dolomitized $tromatoporoid biomicrudite (wackestone).
MICROSPAR: (U4%) dedolomitization of matrix proximal to pores.
CALCITE CEMENT: (léss than 1%) blocky, filling fractures.
FOSSILS: (20%) cylindrical stromatoporoids (50%), echinoderm

fragments and ghosts (15%), brachiopod ghosts (10%).

DOLOMITE: (76%) very-finely-crystalline, euhedral rhomb matrix.
REMARKS: Rare subvértical, discontinuous, and open microfractures.

1761'-1761.9"

NAME: Calcareous, microcrystalllne, stromatoporold dolomite
(wackestone). ;

MINERALS: Dolomite|(85%) matrix; Caleite (15%) bioclasts.

COLOR: Mottled, light gray (5YR8/1) with minor subhorizontal patches
of more calcareoys pale orange (5YR8/4).

ALLOCHEMS: Fossils (20%) cylindrical stromatoporoids (65%),
subspherical stromatoporoids (20%), tabular stromatoporoids (15%),
brachiopods (less$ than 1%) shells disarticulated, crinoid
fragments (less than 1%).

ORTHOCHEMS: Dolomitized micrite (80%); Calclte pseudospar (less than
1%) proximal to pores.

POROSITY: Intraparticle, intercrystalline, moldiec, miecrofracture.

STRUCTURES: Occasi@nal to rare subhorizontal microfractures;
Diagenetic color+mottling.

1761.9'-1771.6"

NAME: Dolomitic st¢omauopor01d biolithite-biomicrudite (boundstone-
packstone-wackstgne).

MINERALS: Calcite (60%) bioclasts; Dolomite (40%); Hematite (less
than 1%) oxidized in matrix.

ALLOCHEMS: Fossils (10-100%) tabular stromatoporoids (40-70%),
subspherical strématoporoids (25-50%), brachiopods (2-10%) shells
disarticulated and fragmented.

ORTHOCHEMS: Dolomitized mierite (0-90%).

POROSITY: Intraparticle, fracture, microfracture, intercrystalline,
pin-point wvuggy, [vuggy.

STRUCTURES: This sectlon consists of an irregularly alternating
sequence that begins with fragmental tabular stromatoporoid
boundstone, foll¢wed by eylindrical-type stromatoporoid
wackestone, and finally subspherical stromatoporold mudstone.
Stromatoporoid ismtraclasts; Occasional fractures and
microfractures within bioclasts; Common Type I suture seam
styolites with a$sociated solution color-mottling by iron oxides.

UV OIL TESTS: Show$ at 1762.3', 1763.9' and 1764.1"; Absent at
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1767.1', 1769.7', 1769.8' and 1770.5'; Show at 1771.4'.

T.S. 1765 ,

NAME: Dolomitle stromatoperoid biomierudite (wackestone)

MICRITE: (40%) matrix.

CALCITE CEMENT: (2§) rimming to filling fractures and moldic pores.

FOSSILS: (20%) cylindrical stromatoporoids (75%), echinoderm
fragments (20%), ! brachiopod fragments (3%), tabular
stromatoporoids (2%).

DOLOMITE: (38%) mi¢roerystalline to finely erystalline euhedral
rhombs disseminated in matrix.

T.S. 1769

NAME: Dolomitic stromatoporoid biolithite (boundstone)

MICRITE: (10%) matrix and occasional micritization of
stromatoporoids.

CALCITE CEMENT: (10%) filling and partially filling intraparticle
pores. ;

FOSSILS: (75%) tabhlar stromatoporoids (98%), echinoderm fragments
(2%).

DOLOMITE: (5%) mictocrystalline, euhedral rhombs disseminated in
matrix and bioclésts witn very-finely-crystalline, euhedral
rhombs, associabted with styolites and fractures.

HEMATITE: (less than 1%) associated with occasional Type I suture
seam styolites.

REMARKS: Occasional subvertical and subhorizontal fractures.

1771.6'=1772.6"

NAME: Very—finely~érystalline, stromatoporoid, biomicrudite
(wackestone).

MINERALS: Dolomite; (90%); Calcite (10%) bioclasts.

COLOR: Mottled, light gray (10YR8/2) with reddish brown (10RU4/3) to
pale reddish-orahge (2.5YR7/Y4) associated with pores.

ALLOCHEMS: Fossilsi (15%) tabular stromatoporoids (80%), subspherical
stromatoporoids (10%), brachiopods (10%) articulated shells and
fragments.

ORTHOCHEMS: Dolomifized micrite (85%); Calcite pseudospar (less than
14). i

POROSITY: Intercrystalline, intraparticle, mierofracture.
STRUCTURES: Commpn subvertical, generally healed, microfractures;
Dlagenetic colorrmottling.

1772.6'-1778" -

NAME: Microcrystalline stromatoporoidand brachiopod biomicrudite
(wackestone).

MINERALS: Dolomite! (90%); Calcite (10%) bioclasts.

COLOR: Mottled, light gray (5YR8/1) matrix with dark reddish-gray
(7.5R3/1) diffuse "pseudoburrow" boundaries with pale reddish-
orange (2.5YR7/4) transition to matrix.

ALLOCHEMS: Fossils! (3-10%) brachiopods (40-60%) articulated shells,
subspherical strpmatroporoids (40-50%) in upper section,
echinoderm fragments (40%) in lower section; Possible rounded
bioclastic intraplasts (5%) between 17TH.1'-17T4.3'.

ORTHOCHEMS: Dolomikized micrite (90%).
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i
POROSITY: Moldie, p;n—point vuggy, vuggy, moldie, intercrystalline,
intraparticle. ;
STRUCTURES: Diagenetiec color-mottling with color-mottling resulting
in subhorizontal to subvertical "pseudoburrows" controlled by

bioclasts. f
UV OIL TESTS: Absen# at 1775, 1775.5', 1776.4' and 1777.5'.

T.5. 1773 3

NAME: Dolomitized bpiomierudite (wackestone).

MICRITE: (1%) dedolémitization adjacent to pores.

FOSSILS: (10%) unidéntified fossil fragment molds (50%), brachiopods
(30%) shells artiéulated, cylindrical stromatoporoids (20%).

DOLOMITE: (90%) mieroccrystalline, euhedral rhomb matrix and very-
finely—crystallini, evuhedral rhombs rimming pores.

REMARKS: Abundant diagonal to vertical Type II microstyolite swarms.

T.S. 1777 |

NAME: Dolomitized biomicrite (mudstone).

PSEUDOSPAR: (1%) dedolomitization adjacent to pores.

FOSSILS: (less thani1%) unidentified fossil fragment molds-vugs
(99%), possible eylindrical stromatoporoid mold (5%), echinoderm
fragments (1%). '

DOLOMITE: (399%) miectocrystalline, euhedral rhomb matrix and rare,
very-finely—crystélline, euhedral rhombs rimming to fllling pores.

HEMATITE: (1%) oxidized, disseminate to subhorizontally oriented in
distribution. *

REMARKS: Subhorizental "pseudoburrow" with paleogroundwater flow
suggested by occagional streaming of oxidized hematite color-
mottling in the apparent down-current direction.

1778'-1778.3" i

NAME: Microcrystallﬁne stromatoporoid biomicrudite (wackestone).

MINERALS: Dolomite K100%).

COLOR: Light gray {(N10YR8/2).

ALLOCHEMS: Fossils KS%) subspherical stromatoporold ghosts
recrystallized to! medium crystalline, sucrosic dolomite, euhedral
rhombs. :

ORTHOCHEMS: Dolomitized micrite (95%).

POROSITY: Intercrysktalline, pin-point vuggy, vuggy, micerofracture.

STRUCTURES: Occasiopal subvertical mierofractures.

1778.3'=1784" :

NAME: Microcrystallfine brachiopod biomicrudite (wackestone).

MINERALS: Dolomite (99%); Calcite (1%) in vugs from 1780.2'-1783.3'.

COLOR: Mottled, light gray (5YR8/1) to dark reddish-gray boundaries
of "pseudoburrowsﬁ with a pale reddish-orange (2.5YRT/H4)
transition to the| light gray matrix.

ALLOCHEMS: Fossils (5-20%) brachiopods (95-100%) shells articulated,
echinoderm fragmehts (0-5%).

ORTHOCHEMS: Dolomitfized micrite (80-95%).

POROSITY: Moldie, iptercrystalline, pin-point vuggy.

STRUCTURES: Diageneftic color-mottling with "pseudoburrows"
associated with bjoclasts.

UV OIL TESTS: Shows|at 1779.8' and 1781.5'; Absent at 1783.2"'.

!

'
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T.S. 1779' :

NAME: Dolomitized Qiomicrudite (mudstone).

PELOIDS: (1%) Micritie.

FOSSILS: (4%) braojiopod molds (50%), echinoderm molds (50%).

DOLOMITE: (94%) migrocrystalline, euhedral rhomb matrix and finely-
erystalline euhedral rhombs rimming pores.

HEMATITE: (less than 1%) oxidized proximal to pores.

T.S. 1781.5! l

NAME: Dolomitized, iechinoderm and brachiopod biomierudite
(mudstone). :

PSEUDOSPAR: (1%) clear microcrystalline euhedral rhombs adjacent to
pin-point wvuggy qOres.

FOSSILS: (2%) brachiopod fragments and molds (60%), echinoderm
fragments and molds (40%).

DOLOMITE: (97%) midrocrystalline, euhedral rhomb matrix.

HEMATITE: (less than 1%) assoclated with mierofractures.

17841'-1785" ‘

NAME: Microcrystalllne biomicrudite (wackestone).

MINERALS: Dolomite (70%); Calcite (30%) bioclasts.

COLOR: Minor mottling, light gray (10YR8/2) matrix with dark
reddish-gray (7. 5R3/1) to pale reddish-orange (2.5YR7/4) iron
oxlide.

ALLOCHEMS: Fossils (30 40%) subspherical stromatoporoid (40%),
schinoderm fragmgnts (40%), brachiopods (20%) shells articulated.

ORTHOCHEMS: Dolomitized micrite (70%).

POROSITY: Intercryqualllne, intraparticle, microfracture.

STRUCTURES: Diagenatic color-mottling; Common irregularly-oriented
microfractures. .

UV OIL TESTS: Showiat 1784.8',

REMARKS: Base of available core.

T.S. 1785 '

NAME: Dolomitic stﬂomatopor01d biolithite (boundstone).

MICRITE: (5%) matrlx.

CALCITE CEMENT: (19%) filling intraparticle pores.

FOSSILS: (80%) tabylar stromatoporoids (90%), echinoderm fragments
(8%), brachiopods (2%).

DOLOMITE: (30%) midrocrystalline, euhedral rhombs selectively
replacing stromafoporoids.

REMARKS: Echinoderm and brachiopod bioclasts are dolomicrite rimmed;
Mierofractures wﬂthin stromatoporoids are healed by dolomite; Base
of available cora.

|
|




CAVALIER COUNTY
NDGS #36

LOCATION: T161N- RBbN S12, NW NE

WELL NAME: ELLIS #f

COMPANY: UNION OIL OF CALIFORNIA

DAWSON BAY FORMATION TOP DEPTH: 1629

TOP OF THE SECOND RED BED MEMBER: 1763'

CORED INTERVAL: 1610'-1666"

KELLY BUSHING ELEVATION: 1646

REMARKS: 10 FOOT DyrFERENCE BETWEEN WIRE-LINE LOG AND CORE BOXES

INTERVAL AND DESCRIPTIONS
1610.5'=1612.9" %

NAME: Stromatoporogd biomierudite (packstone).

MINERALS: Calcite {100%).

COLOR: Light gray (7.5YR8/2) with red (10R5/6) patches associated
with accumulations of unidentified fossil fragments.

ALLOCHEMS: Fossils: (30%) subspherical stromatoporoids (40%),
unidentified fos$il fragments (20%), cylindrical stromatoporoids
(15%), echinoderm fragments (10%), brachiopods (10%) shells
articulated, coral (5%).

ORTHOCHEMS: Micr1t¢ (70%).

POROSITY: Intraparticle, intercrystalline.

STRUCTURES: Type I|suture seam styolite contact with interval above.

REMARKS: Souris Riyer Formation.

1612.9'-1613.2" |

NAME: Brachiopod bjomicrudite (wackestone).

MINERALS: Calcite {100%).

COLOR: Light gray [7.5YR8/2) with dark red (10R3/4) associated with
microfractures apd bioclasts.

ALLOCHEMS: Fossils! (10-15%) brachiopod fragments and disarticulated
shells (100%).

ORTHOCHEMS: Micrité (85-90%).

POROSITY: Intercrystalline, microfracture.

STRUCTURES: Diagenetic color-mottling; Occasional microfractures;
Jecasional bored;(Z mm) biocclast. REMARKS: Souris River
Formation.

1613.2'-1614.1"' |

NAME: Micrite (mudstone).

MINERALS: Caleite (100%).

COLOR: Mottled, 1light gray (7.5YR8/1) with reddish brown (10R5/3)
iron oxide.

ORTHOCHEMS: Micrite (100%)

POROSITY: Intercry#talllne, burrowing.

STRUCTURES: Diagenetic color-mottling; Very abundant (0.1-0.2 mm)
burrowing.

UV OIL TESTS: Absemt .at 1613.8'.

REMARKS: Souris Riyer Formation.

1614.11-1615.5" ‘
NAME: Biomlcrudite! (mudstone).

225




T.S.

MINERALS: Calecite
COLOR: Mottled, lig

226

!
100%).
ht gray (5YR8/1) to light reddish-gray (10R7/1)

with reddish brown (10R5/3) iron oxide concentrations.

ALLOCHEMS: Fossils
ORTHOCHEMS: Micrite
POROSITY:

STRUCTURES: Diagene
micrcfractures.

(0-3%) brachiopods (100%) shells articulated.
(97-100%).

Intercrystalline, microfracture.

tic color-mottling; Occasional subvertical

REMARKS: Souris Rivler Formation.

1615.5'=1619.2"

¥
i

NAME: %icrocrystalﬂine, argillaceous, dolomite (mudstone).

MINERALS: Dolomite
COLOR: Mottled,

(89%);Clay (10%); Hematite (1%).

light gray (5YR8/1) to light reddish-gray (10R7/1)

with reddish brown (10R5/3) associated with argillaceous

laminations,
ALLOCHEMS: Fossils
ORTHOCHEMS:

fradtures,

and micerofractures.
(0-1%) unidentified fragments(100%).

Dolomifjized micrite (90%).
POROSITY: Intercrystalline,

mierofracture.

STRUCTURES: Diagendtic color-mottling associated with subhorizontal
argillaceous laminations and subvertical microfractures; Common,
subhorizontal, argillaceous laminations with iron oxide mottling;

Occasional subver
laminae of unidey
UV OIL TESTS: Absen
REMARKS: Basal Sourn

1616

ttical microfractures; Occasional subhorizontal
\tified caleareous fossil fragments.

\t at 1617' and 1618.5'.

ris River Formation.

NAME: Dolomitized Brachiopod biomicrudite (mudstone).

FOSSILS: (2%) Brachiopod fragments (70%) in (0.3 mn) subhorlzontal
laminae, unidentified fossil fragment ghosts (30%).

DOLOMITE: (96%) Mi¢rocrystalline, euhedral rhomb matrix and
microcrystalline:upper euhedral rhombs associated with Type 1T
microstyolite swarms.

HEMATITE: (2%) oxidized, disseminated and concentrated along
fractures and mi?rofractures.

1619.2'-1621.8"
NAME: Microcrystalpine eryptalgal biolithite {boundstone to

mudstone). | A
MINERALS: Dolomite| (98%); Hematite (2%).

COLOR: Mottled, liEht gray (10Y8/1) matrix with purplish gray
(5RP3/1) "pseudoburrow" boundaries grading to dull orange

(2.5YR6/3). !

ALLOCHEMS: Fossils
ORTHOCHEMS: Dolomi
POROSITY: Interecry

(15%) blue-green algae (?) (100%).
kized micrite (100%).
stalline, fracture (rare), microfracture (rare).

STRUCTURES: Diagenktic color-mottling resulting in common
subhorizontal "plseudoburrows" which are controlled by
subhorizontal cryptalgal laminations; Cryptalgal laminations very
commonly obscured by diagenetic solutioning; Occasional, rare,
diagonal fractures and microfractures.

REMARKS: Top of Dgwson Bay Formation.

i




T.S. 1620"
NAME: Dolomltlzed,|intraclas~1c, cryptalgal biolithite (boundstone).
INTRACLASTS: (5%) rounded, algal stromatolite composition.

FOSSILS: (25%) blue-green algae (7) (100%)

DOLOMITE: (70%) midrocrystalline, euhedral rhomb matrix.
QUARTZ: (less than{1%) subrounded silt.

HEMATITE: (1%) oxidized, disseminated.

1621.8'-1631.5"

NAME: %icrocrystalﬂlne, intraclastie, cryptalgal biolithite
(boundstone). :

MINERALS: Dolomite '(99%); Hematite (1%).

COLOR: Mottled, light gray (10Y8/1) matrix with dull orange
(2.5YR6/3) iron axide along fractures and associated with
cryptalgal laminations.

ALLOCHEMS: Fossils [(30%) blue-green algae (?7) (96%), brachiopod
molds (3%) in subhorizontal laminae, echinoderm fragment molds
(1%) in subhorizdntal laminae with brachiopods; Angular
intraclasts (0-8Q%), offset laminae, and deformed bedding
occurring in subhorizontal (4-10 ecm) layers.

ORTHOCHEMS: Dolomifjized micrite (20-70%).

POROSITY: Intercrystalline, intraparticle, fracture.

STRUCTURES: Very abundant subvertical fractures and microfractures
some of which appear to be dessication cracks within cryptalgal
laminations; Intrtaclasts of eryptalgal composition; Diagenetie
color-mottling. ;

UV OIL TESTS: Absedt at 1622.3', 1626', and 1629'.

T.S. 624! |

NAME: Dolomitized drypualgal biolithite (boundstone).

PELOIDS: (2%) dolomluized mierite composition.

FOSSILS: (25%) blua-green algae (?) (100%).

DOLOMITE: (71%) mljrocrystalllne, euhedral rhomb matrix and very-
finely-cerystalline euhedral rhombs associated with cryptalgal
laminations. |

QUARTZ: (less than11%) subrounded-subangular silt associated with
cryptalgal laminations.

HEMATITE: (2%) oxiQized, associated with cryptalgal laminations.

T.S. 1628"

NAME: Dolomitized dryptalgal biolithite (boundstone).

FOSSILS: (30%) bluj—greem algae (?7) (100%).

DOLOMITE: (67%) midrocrystalline, euhedral rhomb matrix and very-
finely- crystallide euhedral rhombs associated with cryptalgal
laminations.

QUARTZ: (1%) subroqnded -subangular si1lt associated with cryptalgal

laminations.
HEMATITE: (2%) oxidized associated with eryptalgal laminations,
fractures, and mjcrofractures.‘

1631.5'-1633" |
NAME: Dolomitized, jargillaceous, stromatoporoid biomicrudite
(mudstone-wackestone).

MINERALS: Dolomite [(70%); Nontrontite clay (30%).

e s L 0 s e ]
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COLOR: Mottled, Dull yellow-orange (10YR7/2) dolomite with minor
dull reddish-broym (2.5YR5/3) dolomite grading into light
greenish-gray (10GY8/1) nontronite clay.

ALLOCHEMS: Fossils| (5%) tabular stromatoporoid fragments (100%);
Intraclasts of cryptalgal composition (less than 1%).

ORTHOCHEMS: Dolomitized micrite (67%); Nontronite clay associated
with micrite (28%).

POROSITY: Microfra?ture (very abundant), intererystalline,
intraparticle.

STRUCTURES: Very abundant subvertical, occasional subhorizontal,
microfractures; piagenetic color-mottling; Intraclasts.

UV OIL TESTS: Abse?t at 1632.5'.

T.S. 1632 :

NAME: Dolomitized,: intraclastic, cryptalgal biolithite (boundstone).

INTRACLASTS: (15%)irounded, microcrystalline dolomitized micrite
composition. ’

FOSSILS: (25%) blup-green algae (?7) (100%).

DOLOMITE: (60%) mierocrystalline, euhedral rhomb matrix and
occasional finely crystalline euhedral rhombs proximal to
eryptalgal lamingtions.

1633'-1639.7"

NAME: Dolomitic brachiopod biomicrudite (wackestone-packstone).

MINERALS: Calcite (95%) matrix and bioclasts; Dolomite (5%)
disseminated.

COLOR: Light gray (7.5YR8/1) to white (N9).

ALLOCHEMS: Fossils| (10-50%) percentage increasing down-section,
brachiopod fragments (50%) occasionally shells artilculated
displaying a spiral brachidium, corals (15-30%), unidentified
fossil fragments| (0-25%), subspherical stromatoporoids (10%),
cylindrical stromatoporoids (1-5%), tabular stromatoporoids
(0-5%).

ORTHOCHEMS: Micrite (45-85%); Dolomitized mierite (5%).

POROSITY: Intercryptalline, intraparticle, moldic, microfracture,
fracture.

STRUCTURES: Occasipnal-abundant subvertical fractures decreasing up-
section.

UV OIL TESTS: Shows at 1635.9', 1634.2', 1637' and 1638.4'.

T.S. 1636
NAME: Dolomitic anthozoan biomicrudite (wackestone)
MICRITE: (68%) Matrix.
FOSSILS: (30%) corals (50%), unidentified fossil fragments (30%),
brachiopod fragments (15%), echinoderm fragments (5%).
DOLOMITE: (2%) microcrystalline euhedral rhombs disseminated and
rimming pores.

1639.7'-1651" f A
NAME: Dolomitie ankhozoan, brachiopod and stromatoporoid
biomicrudite (wagkestone-packstone).
MINERALS: Calcite [B85-95%); Dolomite (5-15%).
COLOR: Light gray (7.5YR8/2) with pale orange (5YR8/4) proximal to
molds and fractukes.
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ALIOCHEMS: Fossils
brachiopods (10-
(0-40%), cylindri
stromatoporoids (
tabular stromato

ORTHOCHEMS: Micrite

POROSITY: Intercry

STRUCTURES: Abunda
borings in stroma
encrust other big

UV OIL TESTS: Absen

and 1649.3'.

T.S. 1640

Dolomitic stromatop

MICRITE: (15%) matr

CALCITE CEMENT: (5%
filling pores.

FOSSILS: (65%) tabu
echinoderm fragme

DOLOMITE: (15%) dis
and rimming pores

T.S. 1643

NAME: Dolomitie str

MICRITE: (33%) matr

CALCITE CEMENT: (2%

FOSSILS: (40%) cyli
fossil fragments
fragments (10%),

DOLOMITE: (25%) mie
rare, finely crys

T.S. 1648

NAME: Dolomitie bio

MICRITE: (76%).

CALCITE CEMENT: (1%

FOSSILS: (20%) unid
fragments (30%),
stromatoporolds (

DOLOMITE: (30%) mic¢

1651'-1654"

10-40%) tabular stromatoporoids (20-80%),
%) commonly with shells articulated, corals

al stromatoporoids (10-20%), subspherical
-10%), fan-like bryozoans (1%). At 1644.5' the
roids are vertically oriented.

(55-65%); Dolomitized mierite (5-25%).
alline, moldie, fracture.

subvertical to diagonal fractures; Abundant
oporoids; Tabular stromatoporoids commonly
lasts.

at 1639.8', 1640.9', 1642.9', 1644.2', 1646.5"

roid biomierudite (packstone).
X.
fibrous~radial and blocky equant, rimming and

ar stromatoporoids (60%), corals (35%),
ts (5%).
seminated microcrystalline and euhedral rhombs;

pmatoporoid biomierudite (packstone).

1.

) bloeky equant spar filling intraparticle pores.
ndrical stromatoporoids (49%), unidentified
(20%), tabular stromatoporoids (10%), brachiopod
bchinoderm fragments (10%), red algae (?) (1%).
rocrystalline, disseminated, euhedral rhombs with
talline euhedral rhombs, rimming pores.

nicrudite (wackestone).

sparry, rimming pores.

entified fossil fragments (45%), echinoderm
brachiopod fragments (20%), subspherical

5% ) .

rocrystalline euhedral rhombs rimming pores.

NAME: Dolomitie, ec¢hinoderm and stromatoporoid, biomicrudite

(wackestone-packs
MINERALS: Calecite ¢
COLOR: Light gray (

(5YR8/3-5YR8/4) 1
ALLOCHEMS: Fossils

tone) .

[0%); Dolomite (30%); Hematite (less than 1%).
5YR8/2) with occasional pale orange

ron oxide mottling proximal to pores.

25%) echinoderm fragments (30-50%), brachiopod

fragments and disgrticulated shells (10-20%), cylindrical

stromatoporoids ¢

5-30%), tabular stromatoporoids (0-20%),

subspherical stromatoporoids (0-10%), corals (5%).

ORTHOCHEMS: Micrite
POROSITY: Intercrys

(45%); Dolomitized micrite (30%).
talline, intraparticle, fracture, shelter.




T.S. 1652’

STRUCTURES: Occasion

diagenetic color-n
structures within

230

Al to abundant subvertical fractures; Occasional
ottling proximal to pores; Occasional geopetal
whole brachiopod fossils.

UV OIL TESTS: Absenff at 1651.9' and 1653.7'.

NAME: Dolomitic bion
MICRITE: (50%).
CALCITE CEMENT: (leg
PSEUDOSPAR: (2%) sy1

ierudite (wackestone).

s than 1%) equant-blocky-spar filling fractures.
taxial overgrowths on echinoderm fragments,

radial bladed cryq
FOSSILS: (20%) unid:

tal growth from echinoderm fragments.
tified fossil fragment ghosts (45%), echinodernm

5
\%
. I

rachiopod fragments (15%), subspherical

%) .
ocrystalline euhedral rhombs disseminated in

fragments (35%),

stromatoporoids (
DOLOMITE: (20%) mic

matrix and fossil

16541-1659"
NAME: Dolomitized e
MINERALS: Dolomite
COLOR: Mottled, 1lig
dull reddish-ora
ALLOCHEMS: Fossils
brachiopod fragme
ORTHOCHEMS: Dolomit
POROSITY: Intercrys
fracture, microfr
STRUCTURES: Very abundant diagonal and occasionally subparallel,
commonly healed, flractures; Abundant subvertical microfractures;
Brecciated with slickensides between 1655.5'-1656"'; Diagenetic

color-mottling ¢ on associated with fractures.
UV OIL TESTS: Show 4t 1655.6'; Absent at 1656.5'; Show at 1658.6'.

inoderm biomiecrudite (wackestone).

70-80%); Calecite (20-30%) matrix and bioclasts.
t gray (10YR7/1) matrix with occasional to rare
e (10R6/3) proximal to pores.

15-20%) echinoderm fragments and molds (70-90%),
ts and molds (10-30%).

zed micrite (70-80%); Micrite (5-10%).

lline, moldie, pin-point vuggy, vuggy,

ture.

T.S. 1656'
NAME: Dolomitized edhinoderm biomicrudite (mudstone).
FOSSILS: (5%) echindderm fragments (50%), unidentified fossil

fragments (50%).
DOLOMITE: (95%) microcrystalline euhedral rhombs, with finely-
erystalline euhedral rhombs, rimming pores.

1659'-1666"

NAME: Dolomitized, dchinoderm and brachiopod, biomicrudite
(wackestone to ocdasional packstone).

MINERALS: Dolomite (98%); Calcite (2%).

COLOR: Light gray (5YR8/2) with occasional mottling to light yellow-
orange (7.5YR8/3) |proximal to fractures and moldic pores.

ALLOCHEMS: Fossils (|15-20%) whole and fragmented brachiopod molds
(70-80%), echinoddrm fragments and fragment molds (20-30%).

ORTHOCHEMS: Dolomitfzed micrite (80-85%).

POROSITY: Fracture-dhannel, moldic, intercrystalline, pin-point
vuggy -

STRUCTURES: Sparry [caleite crystals commonly line channel porosity;
Very abundant parfjially healed to healed subvertical,
subhorizontal and |[diagonal fractures and microfractures




(brecciated);

UV OIL TESTS: .Sy

at 1665',
REMARKS: Base of
T.S. 1661.8!
NAME: Dolomitize
FOSSILS: (3%) un
DOLOMITE: (97%)
erystalline ey

T.S5. 1666
NAME: Dolomitizdg
FOSSILS: (10%) y

brachiopod mpl
DOLOMITE: (90%):
crystalline ey
QUARTZ: (less th
REMARKS: Base of

:

231

Dlagenetic color-mottling.
ows at 1660.2' and 1662.1':

’

Absent at 1663.5'; Show

available core.

d biomicrudite (mudstone).
ldentified fossil fragment molds-vugs (100%).

microcrystalline, euhedral rhomb matrix and finely-
hedral rhombs rimming pores.

d biomicrudite (wackestone).

hidentified fossil fragment molds-vugs (70%),

ds (30%).

microerystalline, euhedral rhomb matrix with finely-
edral rhombs rimming pores.

n 1%) subangular silt.

vailable core.




NDGS #37

WELL NAME: RESTAD #

DAWSON BAY FORMATIO
TOP OF THE SECOND R
CORED INTERVAL: 2294

22U0 ' -2241" %

CAVALIER COUNTY

LOCATION: T162N-RO4WY-S26, SW NW

COMPANY: UNION OIL QOMPANY OF CALIFORNIA-LOS NIETOS

TOP DEPTH: 2245
BED MEMBER: 2395
-2365"

KELLY BUSHING ELEVATION: 1630

INTERVAL AND DESCRIPTIONS

NAME: Argillaceous| Intramicrudite (Packstone).

MINERALS: Clay (70%)
intraclasts.
COLOR: Brownish gray

2.0 centimeter sp

intraclasts and matrix; Dolomite (30%)
(10YR5/1).

e, argillaceous and dolomitic composition.

ALLOCHEMS: Intraclagﬁs (85%) rounded and subrounded, millimeter to

REMARKS: Base of Sb

2241'-2264,5"
NAME: Mierocrystalli
MINERALS: Dolomite! (

and locally replae
disseminated andia
Type II microstyol
associated with lo
COLCR: Mottled, ligh
(10R3/3). i
ORTHOCHEMS: Dolomiegr
POROSITY: Intercryst
STRUCTURES: Solution

Wispy lamlnae; Og¢

is River Formation.

he cryptalgal dolomite (mudstone to boundstone).
BUZ) matrix; Anhydrite (2-4%) filling fractures
ing matrix, a single 1-3 cm nodule; Clay (2%)
ssoclated with local eryptalgal laminations and
ltes; Hematite (2%) oxidized, disseminated and
tal microstyolites.

L grayish-red (10R7/1) to dark reddish-brown

lte (94%).
#lline, and fracture (rare).

rmottling with local eryptalgal controlled

sionally abundant Type II microstyolite swarms.

pseudoburrows; C@mgon fenestral fabric, compressed horizontally;
e

REMARKS: Top of the
with no core above

NAME: Microcrystalline ¢
MINERALS: Dolomite |({
COLOR: Mottled, lighf

(10R3/3). |
ORTHOCHEMS: Dolomitij
POROSITY: Intercryst
STRUCTURES: Solutigns

common; Wispy lamip

2270'-2290"' MISSING

NAME: Mieroerystallinel d
MINERALS: Dolomite (g
fractures; Clay (3%
COLOR: Mottled, light
{10R3/3).

awson Bay Formation, exact contact uncertain

olomite (mudstone).
6%) matrix; Clay (4%) disseminated.
grayish-red (10R7/1) to dark reddish-brown

ed micrite (96%).

lline.

mottling; Intraclasts (millimeter scale)
ations.

olomite (mudstone).

5%) matrix; Anhydrite (2%) spar filling

) disseminated.

grayish-red (10YR7/1) to dark reddish-brown

232




2293'-2294. 7"

2294.7'-2297.1"

T.S. 2295

233

ORTHOCHEMS: Dolopitized mierite (95%). 3
POROSITY: Interepystalline, and fracture (minor). E
STRUCTURES: Intruclasts (rillimeter scale) common; Solution~

mottling; Posgsible eryptalgal laminations.

NAME: Very argillaceous, fossiliferous, dolomite (mudstone).
MINERALS: Dolomife (40%-70%) matrix; Clay (30%-60%).
COLOR: Brownish gray (10YR5/1) with red (10RU4/6) iron oxide

mottling and |vdr
ALLOCHEMS: Fossils
trilobites (20%)
ORTHOCHEMS: Dolomi
POROSITY: Interery
STRUCTURES: Diageh
clay laminae.
UV OIL TESTS: Absp

NAME: Microcrysth
dolomite. |
MINERALS: Dolomit
orientation; Ani
COLOR: Mottled, 11
concentrations

ORTHOCHEMS: Dolgmftized micrite (100%).
POROSITY: Interdr stalline, fracture.
STRUCTURES: Diagefetic solution color-mottling; Ocecasional

subvertical to

mottling; Occasional dessication cracks; Possible intraclasts.

UV OIL TESTS: Abs
REMARKS: Top of D

NAME: Dolomitizepd
DOLOMITE: (98%) M4
occasional, very
with discontinue
ANHYDRITE: (1%) sp
QUARTZ: (less than
silt. ‘

Yy abundant brownish-black (10YR3/1) laminae.
{1%) unidentified fossil fragments (80%),

articulated and fragmental (very well preserved).
tized micrite (39-69%).

stalline, non-porous clay.
etie color-mottling; Very-abundant subhorizontal

nt at 22%4.5',

lline to Very-finely—crystalline, argillaceous,

(37%) matrix; Clay (3%) wispy subhorizontal
ydrite (less than 1%) partially filling fracture.
ght gray (10YR7/1) with dark red (10R3/4)
long fractures.

lagonal fractures with proximal iron oxide color-

t at 2295.1°'.
son Bay Formatiocn.

micrite (mudstone).

Croerystalline, euhedral rhomb matrix with
—finely—crystalline, euhedral rhombs associated
is subhorizontal laminae (intraclasts?).

prry, filling to partially filling fractures.
1%) subangular-subrounded matrix disseminated

BITUMENS: (less th

HEMATITE: (1%) oxidized, disseminated and microfracture assocciation.
REMARKS: Multiple $tage fracturing.

discontinuous fr

crystalline dolomite.

anhydrite.

2297.1'-2298.6"

NAME: Very-finely-

n 1%) patchy distribution in matrix. |

Earlier subhorizontal and
ctures, partially healed by very-finely-
Later fractures partially filled by

Cr&stalline, intraclastie, anhydritiec shaley

dolomite (Mudstiore with shale-partings).

MINERALS: Dolomite
Hematite (1%).
COLOR: Mottled, du

(84-89%), Anhydrite (5-10%) nodular, Clay (5%),

1 yellow-orange (10YR7/2) matrix with dark-red




o iy i

G e o

(10R3/4) to5 bri
ALLOCHEMS: Intrae
containing ripp
ORTHOCHEMS: Dolopi
POROSITY: Interep
STRUCTURES: Discp
laminae; Subvertii
11em).

anhydrite nodules

234

ish-black (10YR3/1) shale.
sts (0-10%) dolomitized mierite composition

laminations (intraclasts?).

ized mierite (84-89%).

talline.

ormable scour surfaces; Intraclasts; Ripple

cal scour-truncated burrow at 2298.5' (2 ecm x
Occasionpl subvertical microfractures; Occasional
diagonally—oriémted shale laminae with very common, subhorizontal

s
(to 8 cm); Diagenetic color-mottling,

UV OIL TESTS: Abseht at 2298.5',

2298.6'-2299.3" ‘
NAME: Argillaceous
MINERALS: Anhydrite

bedded-nodular, anhydrite.
(95%) streaky, laminated, bedded-nodular; (5%)

millimeter-scale|shale partings.
COLOR: Mottled, 1i£ht grayish-red (10R7/1) anhydrite with dark

reddish-brown (1

R3/3) shale partings.

STRUCTURES: Anhydrjite nodules (to 5 cm); Common, subhorizontal,
argillaceous laminae in lower section.

2299.3'-2301"

NAME: Very—finelﬁ—crystalline, intraclastic, dolomite (mudstone).

MINERALS: Dolomitle |(

97%) matrix; Anhydrite (3%) Fracture fill.

COLORS: Mottled,fl ght grayish-red (10R7/1) to dark reddish-brown

(10R3/3).

ALLOCHEMS: Intraclgsts (10%) dolomitized micrite composition with

soft sediment de

rmation structures.

ORTHOCHEMS: Dolomifjized micrite (87%).
POROSITY: Intercry talline.

STRUCTURES: Diagen
soft sediment de
intraclasts; Ocpe
with sparry anhy
adjacent dolomite

ic color-mottling; Very abundant, subhorizontal,
rmation; Abundant subangular to subrounded
ional diagonal (0.5-0.8 cm) fracture, filled
ite and radial-fibrous recrystallizationof
matrix; Occasional, subhorizontal, nodular

anhydrite concentfation.
UV OIL TESTS: Absent at 2300.2°'.

T.S. 2300.8'

NAME: Dolomitized iptramicrudite (wackestone)3

INTRACLASTS: (20%) pubangular-subrounded, mieroerystalline
dolomitized mierife composition.

DOLOMITE: (75%) mictocrystalline, euhedral rhomb matrix with
abundant very-fingly-crystalline euhedral rhombs associated with

matrix. !
QUARTZ: (1%) subro
BITUMENS: (3%) diss

ded silt.
minated in matrix.

HEMATITE: (1%) oxid)zed, disseminated and associated with

microfractures gnq

pin~point vuggy porosity.

REMARKS: Very aburdgnt Type II mierostyolites which control dolomite

crystal size.
2301'-2301.5"

NAME: Dolomitic, sty

MINERALS: Anhydrite

eaky-laminated, anhydrite.
(60%) occasionally nodular; Dolomite (35%); Clay




2302.6'-2304,1"

T.S. 2303

(5%).
COLOR: Mottled,
reddish-browm

light grayish-red (10R
n }{10R3/3) oxidized dolo
unoxidized dplomite.

235

7/1) anhydrite with dark
mite and light gray (10YR7/1)

ORTHOCHEMS: Dolomitized micrite (20%)
POROSITY: Intetepystalline,

STRUCTURES: Diagknetic color
anhydrite coalfasing subhorizontally
common subhorifontal to diagonal frae
sparry anhydrife, and radial-fi

adjacent dol&m.

2301.5'-2302.6"

NAME: Dolomitia,
MINERALS: Dolomif
COLOR: Mottled, I

dolomite with j
ALLOCHEMS: Intraq

ORTHOCHEMS: Dolpmitized micrit
POROSITY: Intereny

:

STRUCTURES: Diag
inereasing dow
discontinuous

NAME: Dolomitie,
MINERALS: Anhydri
micrite, :
COLOR: Pale orang
ALLOCHEMS: Tntrac
ORTHOCHEMS: Dolgm
POROSITY: Intercny
STRUCTURES: Wispy

within displagiy
UV OIL TESTS: Absd

l (5YR8/3).

-n0ttling; Abundant (1-4 om) nodular

within dolomite, followed by
tures which are filled with

brous recrystallization of the
te matrix.

streaky—laminated, anhydrite.

e (89%); Anhydrite (10%); Hematite (1%).

ight brownish-gray (7.5YR7/2) to dark red (10R3/6)
ale orange (5YR8/3) anhydrite.

lasts (2%) dolomitized micrite composition.

e (87%).

stalline.

etic color—mottling;)Displacive sparry anhydrite
section resulting in wispy, subhorizontal,
lomite laminae; minor ghost intraclasts.

streaky-laminated, anhydrite.
te (70%) displacive; Dolomite (30%) intraclastie

lasts (5%).
tized micrite (25%).
stalline.
subhorizontal, discontinuous, dolomite laminae
e sparry anhydrite.
nt at 2303.1°',

NAME: Anhydritic
DOLOMITE: (60%) ind
ANHYDRITE: (369%)

(5%) associated
subhorizontal p

QUARTZ: (less than

(1%) d
HEMATITE: (3%) oxi

INSOLUBLES:

2304.1'-2304,3"

NAME: Anhydritic,
MINERALS: Dolomita
COLOR: Pale orange
inereasing down-
ALLOCHEMS: FOSSILS
(20%) cryptalgal
ORTHOCHEMS: Doloii

d dolemitized mierite (mudstone).

rocrystalline, euhedral rhomb matrix.
erocrystalline blocky (29%) disseminated; bladed
1th microstyolites; sparry (2%) discontinuous
ches within dolomite matrix.

1%) subrounded to subangular disseminated silt.
isseminated.

iized, disseminated.

Intraclastic, cryptalgal dolomite (boundstone).
(80%) Matrix; Anhydrite (20%).
(5YR8/3) and gray (5Y4/1) laminat
ection.

(30%) blue-green algae (?7) (100%); Intraclasts
composition,

ized micrite (55%).

ed anhydrite

o
B

t




SRR .

POROSITY: Interlev
STRUCTURES: SuppH
mottling; Subhd
eryptalgal lami

2304.3'-2306.3"
NAME: Bedded mosa
MINERALS: Anhydri
COLOR: Mottled, g

ystalline.

orlizontal cryptalgal laminations; Diagenetic color-

rizontal displacive anhydrite controlled by
nations.

ic anhydrite.
e (100%).
ray (5YR4/1) with minor red (10R5/6) and oceasional

light gray (5YR®/1).

STRUCTURES: Subtof
mottling. ° ‘

2306.3'-2306.4"

rizontal "chicken wire" texture; Diagenetic color-

NAME: Very—finelylcrystalline, cryptalgal, dolomite (boundstone).

MINERALS: Dolomit
COLOR: Light yelld

orange specks (]
ALLOCHEMS: Fossﬁl&
ORTHOCHEMS: Dolomi

(100%).

w-orange (7.5YR8/3) with common disseminated pale
YR8/3).

(30%) blue-green algae (?) (100%).

tized mierite (70%).

POROSITY: Intercrystalline.
STRUCTURES: Subhbvizontal cryptalgal laminations.

2306.4'-2307.3"
NAME: Streaky-lami
MINERALS: Anhydrit
COLOR: Mottled, du
(10R5/1) and 1ig
ORTHOCHEMS: Dolomi
POROSITY: Interecry
STRUCTURES: Subhor

anhydrite dispia

T.S. 2307' :
NAME: Anhydrite.
ANHYDRITE: (97%) 3
BITUMENS: (3%) sub
HEMATITE: (less tha

2307.3'-2307.8"
NAME: Bedded mosalid
MINERALS: Anhydrite
COLOR: Reddish gray
STRUCTURES: Subhoti
control dolomitp

2307.8'-2308.3"
NAME: Bedded mosafe
MINERALS: Anhydrite
dolomite; Clay (1
COLOR: Dull reddish
light gray (5YR8/
ALLOCHEMS: Feossil
ORTHOCHEMS: Dolomit

nated anhydrite.

e (60-80%) displacive; Dolomite (20-40%) matirix.
11 reddish-orange (10R6/4) with reddish gray

nt gray (5YR8/1). :

Lized micrite (20-40%).

stalline.

lzontal, irregular dolomite laminae which control
tement.

bhorizontally laminated mierocrystalline bloeky.
orizontally oriented.

n 1%) oxidized, subhorizental patches.

anhydrite.

(98%); Ciay (2%).

(7.5R6) and light gray (7.5YR8/1).
zontal, cryptalgal lamination ghosts which
replacement by anhydrite.

anhydrite,

(60%) displacive; Dolomite (39%) Cryptalgal

£ ).

-orange (10R6/4) with reddish gray (10R5/1) and
).

5%) blue-green algae (?) (100%).

ized mierite (34%).




2308.3'-2328.5"

T.s. 2311

T.S. 2315.5"

T.5. 2319

T.5. 2322
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POROSITY: Intercrystalline.
- STRUCTURES: Subhotizontal eryptalgal laminations whieh control
dolomite replacdment by anhydrite.

NAME: Anhydritie okyptalgal dolomite (boundstone).

MINERALS: Dolomitd

(40-60%) matrix. Anhydrite (20-60%) replacive;

Calcite (0-20%) micrite matrix.

COLOR: Mottled, liF

ALLOCHEMS: Fossils
ORTHOCHEMS: Dolomilt
POROCSITY: Intereryp
STRUCTURES: Subhorft

ht gray (10YR8/2) to red (10R4/6).

(30%) blue-green algae (7) (100%).
ized micrite (10-30%); micrite (10%).
talline.

zontal cryptalgal laminations which control

replacement of dplomitized micrite by anhydrite; Rare subvertieal

fractures lower |
in section; Very
lower in section
UV OIL TESTS: Absep

n section; Rare Type I suture seam styolite lower
abundant, subhorizontal, laminoid fenestral pores

t at 2308.9', 2309.5', 2318.5' and 2323.5"',

NAME: Dolomitie an ydrite.
FOSSILS: (10%) blug-green algae (?) (100%).
DOLOMITE: (28%) mi rocrystalline, euhedral rhomb matrix with

abundant very-fi

ely-erystalline euhedral rhombs porximal to

eryptalgal lamindtions.

ANHYDRITE: (60%)
boundstone, and
anhydrite.

HEMATITE: (2%) oxid

NAME: Displacive an
ANHYDRITE: (97%) mi
eryptalgal bounds
INSOLUBLES: (3%) su
laminations.

crocrystalline blocky replacement of eryptalgal
ter £illing subvertical fractures by bladed

ized, disseminated.

hydrite.

troerystalline blocky anhydrite replacement of
tone.

bhorizontal, associated witn eryptalgal

NAME: Anhydritie ciﬂgtalgal biolithite (boundstone).

MICROSPAR: (15%) r
PSEUDOSPAR: (10%) £
FOSSILS: (35%) blue

ing fenestral pores.
J1ling to partially fillings fenestral pores.
18reen algae (?) (100%).

DOLOMITE: (30%) micﬁocrystalline euhedral rhombs proximal to pores,
ANHYDRITE: (8%) commonly fills pores.

QUARTZ: (less than
HEMATITE: (2%) rims

1%) subrounded silt.
existing and filled pores.

NAME: Anhydritie anﬂLdolomitic cryptalgal biolithite (boundstone).

MICRITE: (58%) matr

FOSSILS: (30%) blue-green algae (?7) (100%).

DOLOMITE: (5%) microprystalline-very-finely-crystalline euhedral
rhombs proximal tof pores.

ANHYDRITE: (5%) sparfy, occaslonally filling pores.

QUARTZ: (less than

1§) subangular silt, associated with eryptalgal




laminations.

T.S. 2327°
1 NAME: Dolomitic o
MICRITE: (25%) ma
MICROSPAR: (15%)

PSEUDOSPAR: (10%)
FOSSILS: (40%) bl

rimming pores.

INSOLUBLES: (less ¢t
HEMATITE: (1%) assb
REMARKS: Diageneti¢

seam styolites o

2328.5'-2336.5"

(mudstone).
MINERALS: Dolomite
COLOR: Light yello

(2.5YRU/6) assoa
ALLOCHEMS: Fossils

disarticulated,
ORTHOCHEMS: Dolomi
POROSITY: Intercry
STRUCTURES: Possib

abundant anhydri
UV OIL TESTS: Abse
Absent at 2335.1"

T.S. 2331
NAME: Dolomitized H
MICRITE: (5%).
FOSSILS: (10%) brac

ghosts (40%), ech

T.S. 2335
NAME: Dolomitized b
FOSSILS: (10%) unid

brachiopod fragme
DOLOMITE: (88%) mie
abundant finely-c¢
INSOLUBLES: (less t
PYRITE: (less than
HEMATITE: (2%) diss

2336.5'-2338.1"
NAME: Fine to mediu
MINERALS: Dolomite
COLOR: Mottled, lig

..
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INSOLUBLES: (2%) 4ssociated with cryptalgal laminations.
HEMATITE: (less tHan 1%) associated with eryptalgal laminations.

ptalgal biolithite (boundstone).
ix.

mming pores.

illing to partially filling pores.
-green algae (7) (100%).

DOLOMITE: (10%) miproerystalline euhedral rhombs disseminated and

ANHYDRITE: (less than 1%) bladed.

han 1%) associated with styolite.

clated with styolite and disseminated.
color-mottling and occasional Type I sutured
high amplitude.

NAME: Fine to medi&m erystalline, coral and brachiopod, dolomite

(94%); Caleite (5%) matrix; Anhydrite (1%).
-orange (10YR8/3) with trace reddish brown
ated witn bioelasts.

orals (50%).
ized micrite (9U%);
talline, pin-point vuggy, moldie.

nodules (to 1 cm).
t at 2329.5'; Shows at 2331.5' and 2333.8';

rachiopod biomicrudite (wackestone).

hiopods (40%), unidentified fossil fragment
inoderm fragments (20%).

DOLOMITE: (85%) dispeminated, microecrystalline euhedral rhombs.

rachioped biomierudite (wackestone).
entified fossil fragment molds-vugs (99%),
nts (1%).
rocrystalline, euhedral rhomb matrix with
'ystalline euhedral rhombs proximal to pores.
Pan 1%) associated with pores.

%) rimming pores.
¢minated.

100%); Anhydrite (less than 1%).

crystalline, brachiopod, dolomite (mudstone).
yt brownish-gray (7.5YR7/2) finely-crystalline

(2-3%) brachiopods (50%) shells articulated and

e dedolomitization proximal to pores; Occasionlly

S A L
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dolomite and ghayish red (2.5YR5/2) to dark red (10R3/4) medium-

erystalline dollbmite.

ALLOCHEMS: Fossills (3%) brachiopods (90%) shells disarticulated and

articulated, echinoderm fragments (10%).

ORTHOCHEMS: Dolomftized micrite (97%).

POROSITY: Intercrystalline, moldic, fracture.

STRUCTURES: Diagepetic color-mottling; Rare subhorizontal to
diagonal commonly healed fractures.

2338.1'-2339"

MINERALS: Calcitel(

NAME: Finely erysfalline, brachiopod, biomiecrudite (wackestone).

80%); Dolomite (20%); Hematite (less than 1%).

COLOR: Mottled, 1ight yellow-orange (7.5YR8/3) with reddish brown

(10R4/4) associdted with styolites and bioeclasts.

ALLOCHEMS: Fossild
shells, tabulatd
stromatoporoids |

ORTHOCHEMS: Micri

POROSITY: Intererys

STRUCTURES: Diage
IT microstyolis

2339'-2346"

MINERALS: Calcite [

ALILOCHEMS: Fossils
tabulate corals
fossil fragments

ORTHOCHEMS: Micrite

POROSITY: Intercry

STRUCTURES: Diageng

: microstyoclite swd

= | suture seam styo]
3 UV OIL TESTS: Absef

T.S. 2343"
NAME: Dolomitie bra

(10%) brachiopods (50%) fragments and articulated
corals (35%), algae (10%), subspherical
5%).

(70%); Dolomitized micrite (20%).
talline.
tic color-mottling; Occasional subhorizontal Type
swarms.

NAME: Dolomitiec, ahthozoan and stromatoporoid, biomicrudite
(wackestone-packstone).

90%); Dolomite (10%); Hematite (less than 1%).

COLOR: Mottled, light gray (5Y7/2) to dark red (10R3/4).

(10-25%) subspherical stromatoporoids (50%),
30%), brachiopod fragments (10%), unidentified
(10%).

(65-80%); Dolomitized mierite (10%).
talline, intraparticle, moldie.
tic color-mottling; Occasional Type II
rm with iron oxide association; Rare Type I
ite between stromatoporoids.
t at 2339.1', 2342.6"' and 2345.3'.

chiopod biomicrudite (wackestone-packstone).

MICRITE: (60-70%)
FOSSILS: (20%) bra
fragments (29%),

DOLOMITE: (10-20%)
HEMATITE: (3%) dis

2346'-2346.7"
NAME: Dolomitic bra
MINERALS: Calcite ¢
COLOR: Mottled, gra
with common dark
ALLOCHEMS: Fossils
fragments and art

trix.

lopod fragments (50%), unidentified fossil
chinoderm fragments (20%), subspherical

stromatoporoids (1%).

isseminated, miecrocrystalline euhedral rhombs.
minated.

thiopod biomicrudite (packstone).

[0%); Dolomite (30%).

yish red (2.5YR6/2) to grayish red (2.5YR5/2)
red (10R3/6) iron oxides.

20-30%) subhorizontal orientation, brachiopod
lculated shells (55%), echinoderm fragments

(30%), unidentifigd fossil fragments (10%), ostracods (5%).

i

e A S A A i




ORTHOCHEMS: Mierite
POROSITY: Intereryk
STRUCTURES: Diageng

IT microstyolite

UF

T.S. 2347
NAME: Dolomitic to
(wackestone—packf
MICRITE: (30-65%).
FOSSILS: (25%) Bra
fragments (35%),
DOLOMITE: (10-70%)
euhedral rhombs.
QUARTZ: (less than
(diagenesis).
HEMATITE: (1%) Patd
REMARKS: Occasional

2347.7'-2365"

240

(40-50%); Dolomitized mierite (30%).
talline.
tic color-mottling; Very abundant scattered Type

dolomitized, brachiopod, biomiecrudite
tone).

hiopod fragments (40%), unidentified fossil
echinoderm fragments (20%), ostracods (5%).
Disseminated to pervasive microcrystalline

1%) Subrounded silt, showing caleite replacement

hy distribution.
Type II microstyolite.

NAME: Dolomitic brajehlopod biomicrudite

(wackestone-packstone).

MINERALS: Caleite ([f0%); Dolomite (30%).
COLOR: Mottled, light gray (10YR8/2) with very dark reddish brown

(7.5R2/3).
ALLOCHEMS: Fossils

5-40%) brachiopod fragments and articulated

shells (50%), unifientified fossil fragments (30%), ostracods

(10%), gastropods
fragments (0-10%)
(1%) at 2350.4".
ORTHOCHEMS: Micrite
of allochems decr
POROSITY: Interecrys
UV OIL TESTS: Absen
and 2361.6°'.
REMARKS: Base of av

T.S. 2351.3"
NAME: Dolomitie, ec
(wackestone-packs
MICRITE: (70%).
CALCITE CEMENT: (3%
FOSSILS: (25%) brac
unidentified foss

(0-10%) inereasing downward, echinoderm
increasing downward, eylindrical stromatoporoids

(60-90%) increasing downward as the percentage
base,

falline.

L at 2348.4", 2350.4', 2353.6', 2356.4', 2359.5°

TﬂaMecm@.

Binoderm and brachiopod, biomicrudite
fone).

filling to partially filling pores.

Biopod molds (35%) articulated shell,
}1 fragments (30%), echinoderm fragments (25%),

ostracods (5%), gdstropods (5%).

DOLOMITE: (1%) mier
microstyclites.
INSOLUBLES: (1%) as
HEMATITE: (2%) rimm
filling of pores.
REMARKS: Occasional

T.S. 2355!
NAME: Echinoderm an
MICRITE: (69%) matr

derystalline euhedral rhombs associated with

Sociated with microstyolites and disseminated.
ihg moldic pores followed by calecite pseudospar

Type II microstyolite swarms.

d| brachlopod biomicrudite (packstone).
ik.

FOSSILS: (30%) commohly replaced by calcite, brachiopod fragments




T.S. 2359

T.S. 2363
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(30%2), echinodgrm fragments (25%), unidentified fossil fragments
(25%), gastropdds (10%) with occasional geopetal structure,
ostracods (10%), algae (?) (less than 1%).

HEMATITE: (2%) dilsseminated and rimming pores.

NAME: Echinoderm
MICRITE: (80%) ma
MICROSPAR: (1%) r
FOSSILS: (20%) co

(60%), echinode

geopetal struct
HEMATITE: (less &
REMARKS: Type I 3

nd brachiopod biomicrudite (packstone—wackestone).
rix;

ing of bioclasts.

only replaced by caleite, brachiopod fragments

m fragments (30%), gastropods (6%) with oceasional
re, ostracods (4%), bryozoans (less than 1%).

an 1%) associated with bioelasts and styolites.
ture seam styolite at base of section.

NAME: Echinoderm|and brachiopod biomicrudite (wackestone).
MICRITE: (78%) matrix.

PELOIDS: (less than 1%).

FOSSILS: (20%) commonly replaced by caleite, brachiopod fragments
(35%), echinodegm fragments (30%), unidentified fossil fragments
(25%), ostracodd (10%).

INSOLUBLES: (1%).

HEMATITE: (1%) asjociated with bioclasts.




NDGS #38
LOCATION: T160N-HB1W-S31, SW SE

WELL NAME: BLANC

COMPANY: THE CALIFORNIA COMPANY
DAWSON BAY FORMATIION TOP DEPTH: 6172"

BOTTINEAU COUNTY

———, e s S e

THOMPSON #1

TOP OF THE SECOND| RED BED MEMBER: 6279

CORED INTERVAL: 6
KELLY BUSHING ELE
REMARKS: NORTH DA

INTERVAL AND DESC

6171.7'-6171.8"
NAME: Very-finely

MINERALS: Dolomite (100%); Anhydrite (less than 1%9).

COLOR: Light gray
ORTHOCHEMS: Dolom]
POROSITY: Intercry
STRUCTURES: Occas]

anhydrite.
UV OIL TESTS: Shod

6171.8'-6172.2"
NAME: Very-finely-
MINERALS: Dolomitd
COLOR: Dull yellowu

VATION:
KOTA TYPE SECTION.

RIPTIONS

3

7T1.7'-6279"
1526

crystalline dolomite (mudstone).

(10YR7/1).

tized mierite (100%).

stalline, fracture.

onal, subvertical, fractures partially filled with

at 6171.75"'.

crystalline, cryptalgal, dolomite (boundstone).
(100%).
-orange (10YR6/3).

ALLOCHEMS: Fossilg
ORTHOCHEMS: Dolomi
POROSITY: Interer
STRUCTURES: Crypt
UV OIL TESTS: Sho

T.5. 6172
NAME: Dolomitized
DOLOMITE: (70%) ve
laminations.
FOSSILS: (30%) blu

6172.2'-6172.8"
NAME: Very finely
MINERALS: Dolomite
COLOR: Dull yellew
ALLOCHEMS: Pelloid
ORTHOCHEMS: Dolomi
POROSITY: Intercry
STRUCTURES: Subver

Abundant to absed

Secanms.

6172.8'-6173.3"

NAME: Very-finely—bLystalline, cryptalgal, dolomite (boundstone).

MINERALS: Dolomite

COLOR: Light gray (

(5%) blue-green algae (?7) (100%).
ized micrite (95%).

talline.

gal laminations.

at 6172'.

eryptalgal biolithite (boundstone).
ry-finely-crystalline rhomb matrix and eryptalgal

p—green algae (?) (100%).

frystalline, peloidal, dolomite (mudstone).

(100%); Anhydrite (less than 1%).

rorange (10YR6/3). 1
(5%). j

ized micrite (95%).

talline, pin-point vuggy, fenestral.

ical fractures commonly healed by dolomite;

t Type II microstyolite swarms to occasional

1

(100%).
10YR7/1).

242




6173.3'~6174"

T.S. 6173.7"

617U -6174.5"

617T4.5'-6175.7"

6175.7'-6176"

ALLOCHEMS: Foss{
ORTHOCHEMS: Dold
POROSITY: Interq

STRUCTURES: Occgsional subvertical fractures with abundant

tangential migq

UV OIL TESTS: Show at 6172.6"'.

NAME: Very-finel
MINERALS: Dolom]
COLOR: Light ye]
ALLOCHEMS: Foss]
ORTHOCHEMS: Doid
POROSITY: Interd
STRUCTURES: Cryg

centimeters.
UV OIL TESTS: 8y

NAME: Dolomitizd
PELLOIDS: (5%) 4
FOSSILS: (30%) Y
DOLOMITE: (59%)
ANHYDRITE: (lesd

fenestral porg
INSOLUBLES: (5%)
HEMATITE: (1%) 4

NAME: Very-finel
MINERALS: Dolomi
COLOR: Dull yell

243

1s (30%) blue-green algae (?) (100%).
mitized micrite (70%).
rystalline, fracture, microfracture.

rofractures; Cryptalgal laminations.

y-crystalline, cryptalgal, dolomite (boundstone).
te (100%); Anhydrite (less than 1%).

low-orange (10YR8/3).

1s (30%) blue-green algae (?) (100%).

mitized mierite (70%).

rystalline.

talgal laminations; Intraclasts in the upper 10

ow at 6173.2'; Absent at 617U4',

d, peloidal, cryptalgal biolithite (boundstone).
ssoclated with eryptalgal laminations.

lue-green algae (?) (100%).
very-finely-crystalline matrix.

than 1%) filling fractures, microfractures, and
S.

disseminated.

isseminated and patchy distribution.

y-crystalline, intraclastiec, dolomite (packstone).
te (100%), anhydrite (less than 1%).
bwish brown (10YR5/3).

ALLOCHEMS: Intr
ORTHOCHEMS: Dol

lasts (40%).
itized mierite (60%).

POROSITY: Interepystalline, pin-point vuggy.

STRUCTURES: Occ

NAME: Very~finel

{wackestone).
MINERALS: Dolomi

COLOR: Light gra

ional Type II microstyolite swarms to seams.

y~crystalline, intraclastic, cryptalgal dolomite

te (100%), anhydrite (less than 1%4).
y (10YR8/1).

ALLOCHEMS: Fossifls (40%) blue-green algae (7) (100%); Intraclasts

(20-30%).
ORTHOCHEMS: Dolo
POROSITY: Interc

filled with an
STRUCTURES: Cryp

microfractures
UV OIL TESTS: A4ib

NAME: Very-finel
packstone).

nitized mierite (30-40%).

"ystalline, intraparticle, microfracture {commonly
nydrite).

Lalgal laminations; common subvertical to dlagonal

sent at 6174.3'; Shows at 6174.6' and 6175.5'.

r-crystalline, intraclastic, dolomite  (wackestone-
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MINERALS: Dolomife (100%); Anhydrite (less than 1%4); Pyrite (less
than 1%).
COLOR: Grayish ypllow-brown (10YRL/2).
ALLOCHEMS: Intraﬁlasts (30-40%).
ORTHOCHEMS: Dologitized micrite (60-70%).

POROSITY: Interepystalline, intraparticle.

4 STRUCTURES: Commén subvertical microfractures; Abundant intraclasts;
Abundant dissemginated Type II microstyolite swarms to nodular
associated with intraclasts.

6176'-6176.6"

NAME: Very-finely-crystalline, ostracod, intraclastic dolomite
(wackestone-padkstone).

MINERALS: Dolomifje (100%); Anhydrite (less than 1%).

COLOR: Light gray (10YR8/2).

ALLOCHEMS: Fossils (5-10%) ostracods (100%); Bioclastie intraclasts
(30-40%); Pelofds (3%) increasing up-section.

ORTHOCHEMS: Dolofitized micrite (52-62%).

; POROSITY: Intrapgrticle, intererystalline, microfracture,.

STRUCTURES: Rare |subvertical microfractures.
UV OIL TESTS: Shgw at 6176'; Show at 6176.5"'.
T.S. 6176.5"
NAME: Dolomitized intraclastic biomicrudite (wackestone).
INTRACLASTS: (20%) ghosts.
FOSSILS: (5%) unifentified fossil fragment ghosts (100%).
DOLOMITE: (57%) very-finely-crystalline matrix and finely-
crystalline euhgedral rhombs filling microfractures.

ANHYYDRITE: (6%) fparry, filling fractures and microfractures.
BITUMENS: (1%) dipseminated.

INSOLUBLES: (10%)| disseminated.
HEMATITE: (1%) dibseminated.
REMARKS: Microstyplites are controlled by prior fractures.

6176.6'-6183"

NAME: Finely crysfpalline, fossiliferous, intraclastic dolomite
(packstone).

MINERALS: Dolomit¢ (97-99%); Anhydrite (1-3%).

COLOR: Grayish yellow-brown (10YR6/2).

ALLOCHEMS: Intrac}asts (10-50%) ghosts of microcrystalline dolomite
composition acegntuated by microstyolites.

FOSSILS: (2-10%) ¢chinoderm fragments (80%), Unidentified fossil

fragment ghosts
ORTHOCHEMS: Dolomn]
POROSITY: Intercry
STRUCTURES: Occas;

Occasional, sub
UV OIL TESTS: Shoy

T.5. 6180
NAME:
FOSSILS:

fragments ghostd

(20%).

tized micrite (40-88%).

stalline, fracture, moldic, and pin-point vuggy.
onal to abundant diagonal and vertical fractures;
ertical, healed microfracture; Burrow-mottled;

Abundant individual, swarm, and seam, Type II microstyolites.

s.at 6177', 6178.7', 6181' and 6182.5'.

Dolomitized |biomicrudite (mudstone).
(2%) unidentified fossil fragments ghosts (95%), brachiopod

(5%).
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DOLOMITE: (92%) very-finely-crystalline matrix; filling
microfractures; and filling to rimming moldie pores.

ANHYDRITE: (3%) fracture fill.

INSOLUBLES: (1%) disseminated, intererystalline, and mierostyolite
association.

T.S. 6182

NAME: Dolomitized biomierudite (wackestone).

FOSSILS: (5%) fossil fragment ghosts and vuggy molds (100%).

DOLOMITE: (89%) disseminated very-finely-crystalline euhedral rhombs
with oceasional finely-crystalline euhedral rhombs filling
fractures and replacing fossils.

ANHYDRITE: (1%) sparry, filling fractures.

INSOLUBLES: (1%) disseminated and microstyolite association.

BITUMENS: (less than 1%) disseminated.

HEMATITE: (2%) disseminated and patchy with color-mottling from
oxidation.

REMARKS: Fractures filled by dolomite euhedral rhombs and cut by
very abundant, anhydrite filled, microfractures.

6183'-6190"
MISSING
6190'-6198.2!

NAME: Very finely erystalline, stromatoporoid, dolomite
(wackestone).

MINERALS: Dolomite (98%); Anhydrite (2%) filling fractures.

COLOR: Mottled, finely-erystalline dull yellow-orange (10YR7/3) and
very-finely-crystalline grayish yellow-brown (10YR5/2).

ALLOCHEMS: Fossils (5-20%) cylindrieal stromatoporoids (80%),
echinoderm fragments (10%), bryozoans (5%), brachiopod fragments
(5%).

ORTHOCHEMS: Dolomitized mierite (100%).

POROSITY: Fracture, mierofracture, moldie, pin-point wvuggy.

STRUCTURES: Occaslonal to abundant vertical fractures with
slickensides and abundant black inseluble material; Common to very
abundant Type II microstyolite swarms.

UV OIL TESTS: Shows at 6191.5',6192.5', 6194', 6195', and 6197.5"'.

T.S. 6192
NAME: Dolomitized biomicrudite (wackestone).

FOSSILS: (5%) unidentified fossil ghosts and vugs (100%).
DOLOMITE: (89%) rhembie, very-finely-crystalline matrix; finely-
erystalline fracture fill; fossil replacement; and rimming to

filling porosity.
ANHYDRITE: (1%) sparry, filling fractures.
INSOLUBLES: (1%) disseminated and microstyolite association.
BITUMENS: (1%) disseminated.

HEMATITE: Oxidized, disseminated and patchy distribution.
REMARKS: Abundant subvertical fractures with very abundant cross-
cutting microfractures; Fractures and microfractures filled to
partially filled by dolomite euhedral rhombs; Anhydrite filling

remaining fractures.
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T.S. 6195.5"

NAME: Dolomitized pelmicrudite (wackestone)

PELOIDS: (10%) ghosts.

FOSSILS: (4%) unidentified fossil molds-vugs (70%), cylindrical
stromatoporold ghosts (15%), echinoderm fragment ghosts (10%),
brachiopod fragment ghosts (5%).

DOLOMITE: (79%) very-finely-crystalline matrix, with rare finely-
crystalline euhedral rhombs, filling fractures and associated with
microstyolites.

ANHYDRITE: (3%) filling fractures and moldic pores.

INSOLUBLES: (3%) disseminated and microstyolite association.

HEMATITE: (1%) oxidized, disseminated and microstyolite association.

6198'-6199"
NAME: Very-finely-crystalline, echinoderm, dolomite (wackestone).
MINERALS: Dolomite (100%); Anhydrite (less than 1%) filling vuggy

pores.
: COLOR: Mottled, very-finely-crystalline light gray (10YR7/1) and
i finely-crystalline dull yellow-orange 10YRT/3).

ALLOCHEMS: Fossils (10-15%) echinoderm fragments and molds (85%),
possible moldic bryozoans (15%).

ORTHOCHEMS: Dolomitized micrite (85-90%).

POROSITY: Intercrystalline, moldic, pin-point vuggy, microfracture.

STRUCTURES: Occasional to abundant Type II microstyolite swarms and
seams with finely-crystalline dolomite association; Rare, commonly
healed, microfractures.

UV OIL TESTS: Show at 61§8.5',

£199'-6200.6"

NAME: Finely crystalline dolomite (mudstone).

MINERALS: Dolomite (100%).

COLOR: Dull yellow-orange (10YR7/3).

ALLOCHEMS: Fossils (less than 1%) brachiopod fragments (50%),
Echinoderm fragments (50%).

ORTHOCHEMS: Dolomitized micrite (100%).

POROSITY: Interecrystalline, pin-point vuggy, moldiec.

STRUCTURES: Occasional Type II discontinuous individual
microstyoclite.

UV OIL TESTS: Show at 6199.5'.

T.S. 6200
NAME: Dolomitized biomicrudite (mudstone).
FOSSILS: (3%) unidentified fossil fragments and molds (80%),
Echinoderm fragments (20%).
DOLOMITE: (94%) very-finely-crystalline.
BITUMENS: (less than 1%) disseminated.

INSOLUBLES: (2%) disseminated and microstyolite associated.
HEMATITE: (1%) disseminated and microstyolite associated.

fﬁ 6200.6'-6203.5"

" NAME: Very-finely-crystalline, echinoderm and brachiopod dolomite
(wackestone-packstone).

MINERALS: Dolomite (100%); Fibrous mat anhydrite filling wvugs
between 6202'-6202.5' to 10-20% of the roeck.

N — -
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COLOR: Mottled, very-finely-crystalline light gray (10YR7/1) and
finely-erystalline dull yellow-orange.

ALLOCHEMS: Fossils (10%) brachiopod fragments (80%), echinoderm
fragments (20%).

ORTHOCHEMS: Dolomitized micrite (70-90%).

POROSITY: Moldie, Intererystalline, vuggy, pin-point vuggy,
fracture, microfracture.

STRUCTURES: Abundant, commonly healed, subvertical microfractures
and fractures; Rare, discentinuous, individual, Type II
microstyolites,

UV OIL TESTS: Shows at 6201.8", 6202.6", 6202.5' and 6203'.

6203.5'-6206.7"

NAME: Very-finely-crystalline dolomite (mudstone).

MINERALS: Dolomite (100%); Pyrite (less than 1%) associated with
microstyolites,

COLOR: Dull yellow-orange (10YR7/2).

ALLOCHEMS: Fossils (less than 1%) possible cylindrical
stromatoporoid molds (70%), unidentified fossil fragment molds
(30%).

ORTHOCHEMS: Dolomitized micrite (100%).

POROSITY: Pin-point vuggy, vuggy, intererystalline, microfracture,
and moldie.

STRUCTURES: Occasional, healed, subvertical microfracture; Rare to
absent individual Type II microstyolites.

UV OIL TESTS: Show at 6205'.

T.S. 6204
NAME: Dolomitized miecrite (mudstone).
DOLOMITE: (98%) Microerystalline matrix, with ocecasional very-
finely-erystalline euhedral rhombs, rimming to filling pores.
INSOLUBLES: (1%) microstyolite associated and disseminated.
HEMATITE: (less than 1%) disseminated and microstyolite associated.

6206.7'-6210.5"
NAME: Very—finely-crystalline, echinoderm and brachiopod, dolomite
(mudstone).
MINERALS: Dolomite (100%); Pyrite (less than 1%) associated with
microstyolites.
COLOR: Mottled, very-finely-crystalline light gray (10YR7/1) and
finely-crystalline light yellow-orange (10YR8/3).

ALLOCHEMS: Fossils (0-2%) brachiopod fragments (70%) and echinoderm

fragments (30%).

ORTHOCHEMS: Dolomitized micrite (100%).

POROSITY: Intercrystalline, pin-point vuggy.

STRUCTURES: Abundant Type II microstyolites, continuous individual
and swarms dominate, with minor disecontinuous individual and

echinoderm associated nodular forms; Occasional healed subvertical

microfractures. .
UV OIL TESTS: Shows at 6207'and 6209'.

T.S. 6208"
NAME: Dolomitized echinoderm biomicrudite {(mudstone).
FOSSILS: (1%) Echinoderm fragments, molds and vugs (100%).
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DOLOMITE: (98%) microerystalline %o very-finely-crystalline euhedral
rhombs.

INSOLUBLES: (2%) microstyolite associated and disseminated.

HEMATITE: (1%) disseminated and microstyolite associated.

REMARKS: Microstyolites occaslonally are controlled by fractures.

6210.5'-6214.2"

NAME: Very-finely+~crystalline, echinodern, dolomite {(mudstone).

MINERALS: Dolomite (100%); Anhydrite (less than 1%) associated with
fractures.

COLOR: Dull yellow-orange (10YR7/3).

ALLOCHEMS: Fossils (less than 1%-3%) echinoderm fragments (100%),
possible cylindrical stromatoporoid (less than 1%).

ORTHOCHEMS: Dolomitized micrite (99%).

POROSITY: Pin-point vuggy, intererystaline, vuggy, microfracture.

STRUCTURES: Abundant to absent subhorizontal discentinuous Type II
microstyolite swarms.

UV OIL TESTS: Shows at 6211', 6212.5' and 6213.4°',

T.S. 6212

NAME: Dolomitized, brachiopod and echinoderm, biomierite (mudstone).

FOSSILS: (3%) echinoderm fragments (40%), unidentified molds (40%),
brachiopod fragments (20%).

DOLOMITE: (93%) mierocrystalline to very finely erystalline euhedral
rhombs healing fractures and partially filling pores.

ANHYDRITE: (1%) fibrous, filling fractures and vuggy-moldie pores.

INSOLUBLES: (2%) microstyolite association.

HEMATITE: (1%) assbciated with microstyolites, disseminated, and
oxidized along subhorizontal, subparallel, discontinuous
microfractures.

h214.2'-6219"

NAME: Very-finely-erystalline echinoderm dolomite.

MINERALS: Dolomite (100%); Pyrite (less than 1%); Anhydrite (less
than 1%).

COLOR: Mottled, very-finely-crystalline brownish gray (10YR6/1) and
finely-crystalline dull yellow-orange (10YRT7/3).

ALLOCHEMS: Fossils (1%) echinoderm fragments (100%).

ORTHOCHEMS: Dolomitized micrite (100%).

POROSITY: Intercrystalline, pin-point vuggy, vuggy.

STRUCTURES: Abundant individual Type II microstyolites and
occasional swarms and seams. ‘

UV OIL TESTS: Shows at 6214.5', 6215', 6216.5', 6217.5' and 6218.5'.

T.S. 6216

NAME: Dolomitized echinoderm biomicrudite (mudstone).

FOSSILS: (2%) echinoderm fragments (50%), unidentified fossil
fragment molds (50%).

DOLOMITE: (98%) very-finely-crystalline euhedral rhombs.

ANHYDRITE: (less than 1%) rare, filling pores.

BITUMENS: (less than 1%) disseminated patches.

INSOLUBLES: (1%) microstyolitzs associated, and disseminated.

HEMATITE: (1%) disseminated, and microstyolite associated.

g

e .
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NAME: Microerystalline dolomite (mudstone).

MINERALS: Dolomite (100%); Anhydrite (less than 1%) partially
filling fractures; Pyrite (less than 1%) associated with

microstyolites

COLOR: Mottled, bBrownish gray (10YR6/1), and in microecrystalline-
upper core, dull yellow-orange (10YR7/4).
ALLOCHEMS: Fossils (less than 1%)unidentified fossil fragments

(100%).

ORTHOCHEMS: Dolomitized micrite (100%).

POROSITY: Interen
STRUCTURES: Abund

nodules; Abunda
UV OIL TESTS: Shq

6221.7'-6225"
NAME: Very-finely
MINERALS: Dolomiy

microfractures;
microstyolites.
COLOR: Dull yello
ALLOCHEMS: Fossil

ystalline, microfracture, pin point vuggy.
ant Type II microstyolite swarms, occasional
nt subvertical microfractures.

ws at 6219.8', 6220.5' and 6221.5°'.

-crystalline echinoderm dolomite (mudstone).
e (100%); Anhydrite (less than 1%) associated with
Pyrite (less than 1%) oxidized, associated with

w-orange (10YR7/2).
s (1%) echinoderm fragments (100%).

ORTHOCHEMS: Dolomitized micrite (100%).

POROSITY: Interenr
STRUCTURES: Commo

healed, subvert
UV OIL TESTS: Sho

T.S. 6223
NAME: Dolomitized
FOSSILS: (less th

microstyolites.
DOLOMITE: (96%) m
euhedral rhombs
and rimming to
ANHYDRITE: (1%) p

ystalline, pin-point vuggy, microfracture.
n, Type II microstyolite seams; Common, partially
ical microfractures.

ws at 6222.8', 6223.8' and 6224.6"'.

biomierite (mudstone).
an 1%) echinoderm fragments (100%) associated with

icroerystalline with very finely crystalline
associated with microstyolites, microfractures,
filling pores.

artially filling fractures and microfractures.

BITUMENS: {(less than 1%) disseminated as millimeter scale blebs.

INSOLUBLES: (less
disseminated.

HEMATITE: (1%) ox]dized, microstyolite associated and disseminated.

T.5. 6224
NAME: Dolomitized

than 1%) microstyolite associated and

biomicrite (mudstone).

FOSSILS: (1%) unidentified fossil ghosts and molds-vugs (100%).
DOLOMITE: (97%) miecrocrystalline matrix; very finely-crystalline

euhedral rhombs

healing fractures; and rimming moldic-vuggy pores.

ANHYDRITE: (less than 1%) filling sparry fractures.
INSOLUBLES: (2%) microstyolite associated, patchy distribution, and

disseminated.

HEMATITE: (1%) digseminated and microstyolite associated, oxidized.

6225'-6229"

NAME: Mierocrystalline echinoderm bilomicrite (mudstone).
MINERALS: Dolomiteg (100%); Anhydrite (less than 1%) partially

g i e R 4



filling fracturmes and microfractures; Pyrite (less than 1%)
oxldized in asspciation with fractures and microstyolites.
COLOR: Mottled, |brownish gray (10YR6/1) and dull yellow-orange

(10YR7/4).
ALLOCHEMS: Fossils (less than 1%) echinoderm fragments (100%).
3 ORTHOCHEMS: Dolomitized micrite (100%).
’ g STRUCTURES: Solutflon-enlarged fractures; Rare diagonal fractures;

Abundant-common| diagonal mierofractures; Occasional subhorizental
Type II microstyolite swarms and oceasional nodules.
‘ ‘ UV OIL TESTS: Shoys at 6225.8', 6227' and 6228°'.

6229'-6232"
NAME: Microcrystalline echinoderm dolomite (mudstone).

} ‘ MINERALS: Dolomite (20-90%); Anhydrite (10-80%) filling breceia

‘ porosity, and replacing dolomite at 6230.1°' (mineralogy confirmed
by X-ray analysis); Pyrite (less than 1%) in fractures and
microstyolites

COLOR: Mottled, grayish yellow-brown (10YR6/1) and dull yellow-
orange (10YR6/3]).

ALLOCHEMS: Fossils (less than 1%) echinoderm fragments (100%).

ORTHOCHEMS: Dolomitized micrite (100%).

POROSITY: Fracture (very high), microfracture, intererystalline.
STRUCTURES: Solutlon-mottling; Very-abundant diagonal fractures;
Very-abundant milerofractures tangential to fractures; Common

subhorizontal-~dilagonal Type II microstyolite swarms.
UV OIL TESTS: Shows at 6229.4', 6230.5' and 6231.6'.

T.S. 6228
NAME: Dolomitized piomicrits (mudstone).
FOSSILS: (1%) unidentified fossil fragment ghosts (100%).

DOLOMITE: (97%) mierocrystalline euhedral rhombs; Very-finely-
crystalline euhefiral rhombs healing early fractures and associated
with microstyolites.

ANHYDRITE: (1%) fibrous-mat erystals filling late fractures,
occassional indivyidual laths.

INSOLUBLES: (1%) microstyolite association and patchy.

HEMATITE: (less than 1%) oxidized in microstyolite association and
disseminated.

REMARKS: Fractures|abundant with early fractures healed, then

offset, then partially dolomite healed and filled by anhydrite,
lastly microstyolite development.

T.S. 6232
NAME: Dolomitized|gchinoderm biomicrite (mudstone).
5% FOSSILS: (1%) echinoderm fragment ghosts (25%), unidentified fossil

ghosts (75%).

DOLOMITE: (95%) miqrocrystalline, euhedral rhomb matrix and

microcrystalline-upper euhedral rhombs healing earlier fractures
and rimming laten fractures.

n ANHYDRITE: (2%) fibrous, partially filling fractures.
,i INSOLUBLES: (1%) milerostyolite association.
HEMATITE: (1%) diSﬂeminated and mierostyolite association.

REMARKS: Abundant ractures, with early fractures healed by
dolomite, then nefractured with subsequent rimming by




mierocrystalline
partial filling o
microstyolite dey

6232'-6234 .5

echinoderm dolo
MINERALS: Dolomite

fractures; Pyrita

; ALLOCHEMS: Fossils
i ORTHOCHEMS:

vuggy.

UV OIL TESTS: Shows

6234.5'-6239"

MINERALS: Dolomite

ALLOCHEMS: Fossils

ORTHOCHEMS: Dolomitj

POROSITY: Pin-poin
microfractuture.

UV OIL TESTS: Shows
T.S. 6236

DOLOMITE:

BITUMENS:
INSOLUBLES:

REMARKS: Multiple st
microstyolites,

6239'-6249"
MINERALS: Dolomite ¢
with microstyolite
light yellow-orang
associated with fr

ALLOCHEMS: Fossils (
ORTHOCHEMS: Dolomiti
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clear, euhedral dolomite rhombs, followed by
f fractures by anhydrite, then lastly
elopment.

NAME: Mierocrystalline
ite (mudstone).

(98%); Anhydrite (2%) partially filling
(less than 1%) microstyolite associated.

COLOR: Mottled, midrocrystalline brownish gray (10YR6/1) and very-
finely-erystalline grayish yellow-brown (10YR5/2).

(less than 1%) echinodernm fragments (100%).

Dolomitliized micrite (100%).
POROSITY: Intererystalline, fracture, microfracture, pin-point

STRUCTURES: Abunddnt subhorizontal Type II microstyolite swarms ;
Occasional to common, subvertical, fractures and microfractures.

at 6232.5' and 6233.8',

NAME: Microcrystalline echinoderm dolomite (mudstone).

(99%) matrix; Anhydrite (less than 1%) associated
with fractures; Pyrite (1%) associated with microstyolites.

COLOR: Mottled, mierocrystalline brownish-gray (10YR6/1) matrix and

very-finely-crystalline, dull yellow-orange (10YR6/2), associated
with miecrostyolites.

less than 1%) echinoderm fragments (100%).
lzed mierite (100%).
vuggy, intererystalline, fracture,

STRUCTURES: Occasiqral subvertical fractures and microfractures;
Occasional subhorizontal Type II nodular microstyolites.

at 6235', 6236' and 6236.5'.

NAME: Dolomitized milerite (mudstone).

(98%) Micriocrystalline matrix with very-finely-erystalline
euhedral rhombs filling to partially filling fractures.

(less than

1%) microstyolite and fracture associated.

(1%) mierostyolite assoeiation.
HEMATITE: (1%) oxidipged, microstyolite association and disseminated.

ages of fracturing with fractures cut by

NAME: Microerystalline echinoderm dolomite (mudstone).

100%); Anhydrite (less than 1%) associated with

fractures and vugsj Pyrite (less than 1%) oxidized and associated

B e

COLOR: Mottled, light gray (10YR7/1) microcrystalline matrix; and

¢ (10YR8/4), very-finely-crystalline dolomite,
agctures.

less than 1%) echinoderm fragments (100%).

zed micrite (100%).

S—
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POROSITY: Pin-point vuggy, vuggy, intererystalline, fracture,
micerofracture.

STRUCTURES: Abundant subvertical fractures and microfractures
(healed where cut by subhorizontal microstyolites); Abundant
subhorizontal Type II microstyolite swarms.

UV OIL TESTS: Shows at 62471', 6241.5', 6242.6", b2u3.5', 624y,2',
6245.6', 6246.5", 6247.6', and 62u8.4",

T.S. 6240

NAME: Dolomitized Biomicrudite (mudstone).

FOSSILS: (1%) echinoderm fragment ghosts (50%), unidentified fossil
fragment ghosts (50%).

DOLOMITE: (98%) microerystalline, euhedral rhomb matrix, healing to
partially healing fractures.

BITUMENS: (less than 1%) microstyolite association.

INSOLUBLES: (1%) microstyolite associated.

HEMATITE: (less than 1%) disseminated and oxidized in association
with microstyolites.

REMARKS: Fractures cut by microstyolites.

T.S. 6244
NAME: Dolomitized, brachiopod and echinoderm, biomicrudite
(mudstone-wackestone).

FOSSILS: (7%) echinoderm fragments (60%), articulated brachiopod
ghosts (U40%).

DOLOMITE: (90%) microerystalline, euhedral rhomb matrix; very-

finely-crystalline euhedral rhombs filling moldic pores and
healing fractures.

BITUMENS: (less than 1%) microstyolite associated.
INSOLUBLES: (2%) mierostyolite associated, and disseminated.
HEMATITE: (1%) disseminated, and patchy distribution.
REMARKS: Fractures eut by microstyolites.

T.S. 6248

Dolomitized mierite (mudstone).

DOLOMITE: (396%) microcrystalline, euhedral rhomb matrix, with very-
finely-crystalline euhedral rhombs, associated with microstyolites
and healing fractures.

BITUMENS: (1%) disseminated.

INSOLUBLES: (2%) disseminated.

HEMATITE: (1%) disseminated, and oxidized adjacent to microstyolites
and fractures.

REMARKS: Fractures eut by mierostyolites; Highest intercrystalline
porosity is the result of recrystalization to very-finely-
erystalline euhedral rhombs adjacent to fractures and
microstyolites.

62u9'-.6258" :
NAME: Very-finely-crystaline, echinoderm and brachiopod, dolomite
(mudstone). ‘
MINERALS: Dolomite (100%); Pyrite (less than 1%) disseminated;
Anhydrite (less than 1%) filling fractures.
COLOR: Mottled, light dull yellow-orange (10YR7/3) very-finely-
crystalline matri®; and dark, dull yellow-orange (10YR6/4) finely-




§ erystalline euhedral rhombs, adjacent to fractures and

o microstyolites.,

ALLOCHEMS: Fossils (less than 1%) echinoderm fragments (50%),
articulated and fragmented brachiopods (50%).

ORTHOCHEMS: Dolomitized mierite (100%).

POROSITY: Intercrystalline, fracture.

STRUCTURES: Occasional Type ITI microstyolite swarms; Common
subvertical fractures.

UV OIL TESTS: Shaws at 6249.6' and 6250.8".

T.S. 6252
NAME: Dolomitized micrite (mudstone).

DOLOMITE: (37%) mieroerystalline, euhedral rhomb matrix; and healing
to rimming of fractures.

ANHYDRITE: (1%) filling fractures.

INSOLUBLES: (1%) disseminated and microstyolite associated.

HEMATITE: (1%) disseminated and microstyolite associated.

T.S. 6256
NAME: Dolomitized brachiopod biomicrudite (mudstone).
FOSSILS: (1%) brachiopod ghosts (100%).
DOLOMITE: (99%) microcrystalline, euhedral rhomb matrix; with,
minor, euhedral rhombs nealing fractures.
INSOLUBLES: (less than 1%) disseminated.

HEMATITE: (less than 1%) disseminated.

6258'-6263.5"
NAME: Microcrystalline
dolomite (mudstone).
MINERALS: Dolomite (99%); Anhydrite (1%) filling fractures, and
occasional nodules; Pyrite (less than 1%) disseminated.
COLOR: Mottled, grayish yellow-brown (10YR5/2) microerystalline
matrix; and dull yellow-orange (10YR7/2), very-finely-crystalline

euhedral rhombs, associated with healed fractures and
microstyolites,

ORTHOCHEMS: Dolomitized mierite ((100%).

POROSITY: Pin-point vuggy, fracture, intercrystalline,
microfracture,

STRUCTURES: Occasional Type II microstyolite swarms which control
recrystallizatioq to very-finely-crystalline euhedral rhombs.
Common subvertical and diagonal fractures; Occasional subvertical
mierofractures.

UV OIL TESTS: Shows at 6259', 6261', and 6262.5"'.

T.3. 6260 ‘
NAME: Dolomitized miarite (mudstone).
DOLOMITE: (100%) miecroerystalline, euhedral rhomb matrix and common,
mieroerystalline-upper, clear, euhedral rhombs filling fractures.
BITUMENS: (less than 1%) disseminated.
INSOLUBLES: (less than 1%) disseminated.
HEMATITE: (less than 1%) disseminated and oxidized.

6263.5'-6269"
NAME: Microcrystalline dolomite (mudstone).
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MINERALS: Dolomite (100%); Anhydrite (less than 1%) filling
fractures; Pyrits (less than 1%) disseminated.

COLOR: Mottled, brownish gray (10YR5/1) microcrystalline matrix and
grayish yellow-brown (10YR6/2) finely-crystalline euhedral rhombs
associated with fractures and microstyolites.

ORTHOCHEMS: Dolomitized micrite (100%).

POROSITY: Interecrystalline, fracture, pin-point wvuggy.

STRUCTURES: Common subvertical and subparallel fractures; Common
subvertical mierofractures; Occasional Type II microstyolite
swarms, occaslonally approaching nodular.

UV OIL TESTS: Shows at 6264' and 6268',

T.S. 6264

NAME: Dolomitized brachiopod biomierudite (mudstone).

FOSSILS: (less than 1%) brachiopods ghosts (100%) articulated and of
a thin-shelled variety.

DOLOMITE: (97%) microcrystalline, euhedral rhomb matrix and
occasional, clear, euhedral rhomb replacement adjacent to
fractures, and rimming fractures.

ANHYDRITE: (1%) sparry, filling fractures.

BITUMENS: (1%) disseminated.

INSOLUBLES: (less than 1%) disseminated and associated with
microstyolites.

HEMATITE: (1%) oxidized, disseminated and microstyolite assoclated.

T.S. 6268
NAME: Dolomitized mierite (mudstone).
DOLOMITE: (97%) microcrystalline, euhedral rhomb matrix and
occasional, clear, euhedral rhombs healing fractures.
ANHYDRITE: (1%) sparry, partially filling fractures.
BITUMENS: (2%) disseminated.
HEMATITE: (less than 1%) disseminated.

$269'-6273"

NAME: Microcrystalline dolomite (mudstone).

MINERALS: Dolomite (100%); Anhydrite (less than 1%) filling
fractures; Pyrite (less than 1%).

COLOR: Grayish yellow-brown (10YR5/2) microerystalline matrix and
light gray (10YR8/2) very-finely-crystalline euhedral rhombs
assoclated with fractures.

ORTHOCHEMS: dolomitized micrite (100%).

POROSITY: Intererystalline, fracture, microfracture, and channel.

STRUCTURES: Very extensive fracturing with dissolution enlarged
fractures; Occasional subhorizontal Type II mierostyolite swarms.

UV OIL TESTS: Show at 6271.2'.

T.S., 6272
NAME: Dolomitized micrite (mudstone).
DOLOMITE: (90%) micrperystalline, euhedral rhomb matrix; occasional,
clear euhedral rhombs, partial healing fractures.
ANHYDRITE: (3%) sparry, filling fractures.
BITUMENS: (1%) disseminated and patehy.
INSOLUBLES: (less than 1%) patchy and microstyolite associated.
HEMATITE: (1%) disseminated.

.
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6273'-6275.8"

NAME: Microecrystalline dolomite (mudstone).

MINERALS: Dolomite (100%); Anhydrite (less than 1%) filling
fractures.

COLOR: Mottled, grayish yellow-brown {(10YR6/2) microerystalline
euhedral rhombs, and light yellow-orange (10YR8/3)
eryptocrystalline patches.

ORTHOCHEMS: Dolomitized micrite (100%).

POROSITY: Intercrystalline, fracture, microfracture.

STRUCTURES: Common subvertical and diagonal fractures, occasionally
with black, insoluble covered, slickensides; Common subhorizontal
Type II microstyolite swarms-seams.

UV OIL TESTS: Show at 6273'.

6275.8'-6279!

NAME: Microcrystalline dolomite (mudstone).

MINERALS: Dolomite (100%); Anhydrite (less than 1%) filling
fractures.

COLOR: Dull yellow-orange (10YR7/2), microerystalline, euhedral
rhomb matrix with light yellow-orange (10YR8/3) very-finely-
crystalline euhedral rhombs proximal %o microstyolites.

ORTHOCHEMS: Dolomitized mierite (100%).

POROSITY: Intercrystalline, fracture, mierofracture.

STRUCTURES: Occasional subvertical fractures and microfractures,
commonly healed in microstyolite zones; Occasional subhorizontal
Type II microstyolite swarms-seams.

UV OIL TESTS: Shows at 6276' and 6278'.

T.S. 6276

NAME: Dolomitized mierite (mudstone).

DOLOMITE: (96%) mierocrystalline, euhedral rhomb maftrix; occasional,
clear, euhedral rhombs partial healing fractures.

ANHYDRITE: (2%) sparry, filling fractures.

BITUMENS: (1%) disseminated.

INSOLUBLES (1%) disseminated and microstyolite associated.

HEMATITE: (less than 1%) disseminated.

REMARKS: Fractures and anhydrite cut by microstyolites.

T.S. 6279

NAME: Dolomitized mierite (mudstone).

DOLOMITE: (95%) mierocrystalline euhedral rhombs and occasional,
clear, euhedral rhombs healing fractures.

ANHYDRITE (2%) sparry, filling fractures and replacing dolomite.

BITUMENS: (1%) disseminated. :

INSOLUBLES: (1%) microstyolite associated and disseminated.

HEMATITE: (1%) disseminated.

REMARKS: Base of Dawson Bay Formation carbonate section.

6279'-6280"

NAME: Dolomitized intraclastic micrudite (wackestone).
MINERALS: Dolomite (97%); Hematite (3%) associated with oxidized red

clay and reduced bluish-black clay; Anhydrite (less than 1%)
filling fractures, and nodular.

COLOR: Dull yellow-orange (10YR6/3) to bluish blaek (5B2/1)




ALLOCHEMS: Intra
ORTHOCHEMS: Dolo
POROSITY: Interec
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¢lasts (10%).
mitized micrite (100%).
rystaline, fracture, miecrofracture.

STRUCTURES: Common subvertical and rare subhorizontal fractures and

mierofractures
UV OIL TESTS: SE

i Unconforrable contact with the Second Red Bed.
OW AT 6279.5°'.




WELLS COUNTY
NDGS #207

LOCATION: T146N-R73W-S27, SE SE

WELL NAME: JOHN LUETH #1

COMPANY: CONTINENTAL OIL COMPANY

DAWSON BAY FORMATION TOP DEPTH: 4583
TOP OF THE SECOND RED BED MEMBER: 4637
CORED INTERVAL: 4583'-4643"

KELLY BUSHING ELEVATION: 1933

INTERVAL AND DESCRIPTIONS

4581'-4583"
NAME: Mierite (mudstone).
MINERALS: Caleits (80%); clay (20%).
COLOR: Light olive-gray (2.5GY7.1).
ORTHOCHEMS: Micrite (80%); Micrite altered to nontronite elay (20%).
POROSITY: Intererystalline, fracture.
STRUCTURES: Diagenetic color-mottling; Subvertical fractures.
UV OIL TEST: Absent at 4581.5'.
REMARKS: Basal Souris River Formation.

4583'-4587.4"

NAME: Gastropod biomicrudite (mudstone).

MINERALS: Calecits (99%); Anhydrite (1%).

COLOR: Light gray (5Y8/1).

ALLOCHEMS: Fossils (2-5%) gastropods (70%), echinoderm fragments
(15%), ostracods (10%), brachiopods (5%) shells disarticulated and
articulated.

ORTHOCHEMS: Micrite (95-98%).

POROSITY: Intercrystalline.

STRUCTURES: Occasional Type II miecrostyolite swarms, subhorizontal
seams, and occasional nodular-type.

T.S. 4583

NAME: Ostracod and gastropod, intraclastic, pelmicrudite
(packstone).

MICRITE: (20%) matrix.

MICROSPAR: (1%) occasional partial replacement adjacent to
bioeclasts.

CALCITE CEMENT: (2%) filling fractures and moldie peres.

INTRACLASTS: (1%) 'peloidal and bioelastie composition.

PELOIDS: (65%) mieritic composition.

FOSSILS: (10%) ghosts, gastropods (25%), ostracods (25%),
unidentified fossil fragments (26%), schinoderm fragments (12%),
thin-shelled brachiopods (12%), blue-green algae (?) (1%),
calcispheres (less than 19).

ANHYDRITE: (1%) filling moldic pores and replacing adjacent micrite.

HEMATITE: (less than 1%) disseminated.

T.S. 4587 :
NAME: Dolomitized brachiopod biomicrudite (mudstone).
MICRITE: (1%) matrix.
FOSSILS: (less thap 1%) unidentified fossil molds (60%), brachiopod
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fragments (40%).

DOLOMITE: (100%) microcrystalline, eubedral rhomb matrix
replacement.,

ANHYDRITE: (less than 1%) disseminated laths.

HEMATITE: (less than 1%) disseminated.

REMARKS: Very minor moldic pores.

U587.41-4597,2"

NAME: Dolomitie, brachiopod and echinoderm, biomicrudite (mudstone-
wackestone).

MINERALS: Calcite ((94%); Dolomite (5%); Insolubles (1%); Anhydrite
(less than 1%) rare nodule (less than 3 em); Pyrite (less than
1%).

COLOR: Brownish gray (5YR6/1) to grayish brown (5YR6/2).
ALLOCHEMS: Fossils (5-10%) echinoderm fragments (45%), brachiopods
(35%) shells articulated and disarticulated, gastropods (15%),

ostracods (5%), trilobites (less than 1%) at 4594,

ORTHOCHEMS: Micrige (80-90%).

POROSITY: Intercrystalline.

STRUCTURES: Subvertically oriented patches of reduced hematite and
pyrite; Occasiornal Type II microstyolite swarm; Occasional
irregularly oriented microfracture.

UV OIL TEST: Absent at 4596.5',

T.S. 4591
NAME: Dolomitic and fossilifsrous pelmicrudite (packstone).
MICRITE: (21%) Matrix.
MICROSPAR: (less than 1%) rimming pores.
CALCITE CEMENT: (2%) filling to partially filling pores.
PELOIDS: (70%) mieritiec ghosts.
FOSSILS: (2%) unidentified fossil fragment ghosts (75%), brachiopod
molds (10%), ostracods (10%), gastropods (5%).
DOLOMITE: (5%) disseminated, microcrystalline euhedral rhombs.
HEMATITE: (2%) disseminated and bioclast associated.

T.S. usg9y!

NAME: Dolomitie, echinoderm, intraclastic pelmierudite (packstone).

MICRITE: (35-45%) matrix.

MICROSPAR: (less than 1%) rimming moldic pores.

CALCITE CEMENT: (2%) filling to partially filling moldie pores.

INTRACLASTS (1%) peloidal biomierudite composition.

PELOIDS: (40%) micritic ghosts.

FOSSILS: (10-20%) echinoderm fragments (35%), brachiopod fragments
(25%), unidentified fossil fragments (20%), trilobites (15%),
gastropods (5%).

DOLOMITE: (2%) disseminated, microcrystalline euhedral rhombs.

ANHYDRITE: (less than 1%) disseminated, laths filling sparry molds,
laths partially mieritized.

HEMATITE: (2%) rimming pores.

REMARKS: Abundant geopetal structures and trilobites.

4597.2'-4598.5" .
NAME: Peloidal biomicrudite (mudstone-wackestone).
MINERALS: Caleite (99%) matrix and bioclasts; Dolomite (1%).
|

1
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COLOR: Brownish gray (5YR6/1).

ALLOCHEMS: Fossils (2-10%) unidentified fossil fragments (20-30%),
gastropods (20%), ostracods (15%), articulated and fragmental
bracniopods (15%), echinoderm fragments (15%), cylindrical
stromatoporoids (5%); Peloids (0-5%) micritic.

ORTHOCHEMS: Micrite (90-95%); Dolomitized micrite (1%).

POROSITY: Intererystalline.

STRUCTURES: Diagenetie color-mottling; Peloidal mudstone and
wackestone are intermixed with the wackestone inereasing downward.

UV OIL TESTS: Show at 4598.7' (very weak).

4598.5'-4581.5" -

NAME: Peloidal, brachiopod and echinoderm, biomicrudite
(wackestone).

MINERALS: Calcite (99%) matrix and bioclasts; Dolomite (1%);
Anhydrite (less than 1%) Rare (2-3 em) nodule.

COLOR: Light brownish-gray (5YR7/2). ;

ALLOCHEMS: Fossils (10%) echinoderm fragments (40%), articulated and 4
fragmental brachiopods (25%), cylindrical stromatoporoids (10%),
ostracods (10%), 'unidentified fossil fragments (5-15%), tabular
stromatoporoids (5%), gastropods (2%); Peloids (6%) micritie.

ORTHOCHEMS: Micrite (83%); Dolomitized micrite (1%).

POROSITY: Intercrystalline, intraparticle.

STRUCTURES: Occasional subhorizontal Type II microstyolite swarm.

T.S. 4599

NAME: Peloidal, brachiopod and echinoderm, biomicrudite {(packstone).

MICRITE: (10%) matrix and very common micritization of bioclast rims
to entire bicclast.

PSEUDOSPAR: (less than 1%) recrystallized mierite interior of
calecispheres to dquant blocky spar, and rimming of calcispheres by
bladed, now mieritized spar.

INTRACLASTS: (less than 1%) bioclastic composition.

PELOIDS: (38%) micritie.

FOSSILS: (48%) unidentified fossil fragments (40%), brachiopod
fragments (30%), echinoderm fragments (30%), caleispheres (less

than 1%).
DOLOMITE: (1%) occasional, dispersed, microcrystalline euhedral

rhombs. i
BITUMENS: (1%). |
INSOLUBLES: (1%) disseminated and microstyolite associated. )
HEMATITE: (1%) microstyolite associated.

4601.5'-4627.6 :
NAME: Echinoderm and brachiopod biomierudite (wackestone-packstone).
MINERALS: Caleite CBO—TOO%) matrix and bloclasts; Dolomite (0-20%);
Hematite (less than 1%) associated with pores.
COLOR: Mottled, light reddish-gray (10R7/1) to reddish gray (10R6/ ) |
assoclated with nicrostyolites.
ALLOCHEMS: Fossils (10-20%) brachiopods (40-50%) shells articulated
and disarticulated, echinoderm fragments (20-45%), unidentified
fossil fragments (0-15%), ostracods (10%), corals (0-5%)
decreasing downward, cylindrical stromatoporoids (0-5%) decreasing 5
|

downward, bryozoans (0-5%) decreasing downward, cephalopod (less
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than 1%) at 4606.8'; Peloids (2%) at top of section.
ORTHOCHEMS: Mierite (55-70%); Dolomitized mierite (0-20%).

POROSITY: Intercrystalline, intraparticle (very minor), shelter.
STRUCTURES: Diagenetic color-mottling; Very abundant, subhorizontal,
bloclast controlled Type II microstyolite swarms and occasional

nodules.
UV OIL TESTS: Shows at 4610.6', 4610.8', and 4612.5'; Absent at
4614'; Shows at 4615.9', 4619' and 4622.1'; Absent at 4623.7°'.

T.S. 4603’

NAME: Ostracod biomicarenits (mudstone).

MICRITE: (90%) matrix.

CALCITE CEMENT: (1%) filling pores.

FOSSILS: (3%) ostracods (40%), brachiopods (25%), caleispheres
(15%), echinoderm fragments (10%), gastropods (10%).

DOLOMITE: (2%) disseminated, microcrystalline euhedral rhombs.

INSOLUBLES: (less than 1%) disseminated and associated with
microstyolites.

HEMATITE: (2%) associated with microfractures and microstyolites,

REMARKS: Abundant Type II microstyolite swarms; Ostracod geopetal
structure in center of thin-section; Diagenetic color-mottling.

T.S. 4607

NAME: Peloidal, echinoderm and calcisphere, biomicarenite
(wackestone).

MICRITE: (78%) matrix and micritized bioclasts.

MICROSPAR: (1%) rimming microfractures.

PELOIDS: (5%) Mieritie.

FOSSILS: (15%) commonly micritized, calcispheres (40%), echinodern
fragments (30%), ostracods (20%), brachiopod fragments (10%).

DOLOMITE: (less %than 1%) disseminated and mierofracture assoclated,
microcrystalline euhedral, rhombs.

HEMATITE: (1%) mierofracture association and patehy distribution.

REMARKS: Geopetal structures.

T.S. 4611

NAME: Dolomitic brachiopod biomicrudite (wackestone).

MICRITE: (68%) matrix.

PSEUDOSPAR: (less than 1%) radial-fibrous rimming of caleispheres.

FOSSILS: (10%) brachiopods (60%) articulated and fragmented,
echinoderm fragments (20%), ostracods (9%), caleispheres (19).

DOLOMITE: (20%) disseminated microcrystalline and rare finely-
crystalline euhedral rhombs.

INSOLUBLES: (less than 1%).

HEMATITE: (2%) disseminated and patchy distribution.

T.S. L4615!

NAME: Dolomitic biomicrudite (wackestone).

MICRITE: (75%) matrix and miecritized rimming of bioclasts.

MICROSPAR: (less than 1%) recrystallized from micrite in
stromatoporoid borings.

FOSSILS: (15-20%) echinoderm fragments (30%), ostracods (25%),
cylindrical stromatoporoids (20%), coral fragments (20%),
brachlopod fragments (5%).
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DOLOMITE: (10%) disseminated, microerystalline, and occasional very-
finely-crystalline euhedral rhombs.

INSOLUBLES: (2%) disseminated and mierostyolite associated.

HEMATITE: (less than 1%) disseminated and oxidized where associated
with microstyolites.

REMARKS: Microstyolites occasionally intersect bioelasts.

T.S. 4619

NAME: Dolomitic brachiopod biomicrudite (mudstone).

MICRITE: (75%) matrix and common micritization of bioeclasts.

PSEUDOSPAR: (1%) recrystallization of micrite adjacent to
brachiopods.

FOSSILS: (5%) thin and thick-shelled articulated and fragmented
brachiopods (6%5%), ostracods (15%), Rugosan corals (10%),
echinoderm fragments (10%).

DOLOMITE: (20%) disseminated, microerystalline euhedral rhombs.

ANHYDRITE: (3%) blocky rimming and sparry filling of coralites.

INSOLUBLES: (less than 1%) disseminated and microstyolite
associated.

HEMATITE: (1%) disseminated and microstyolite associated.

REMARKS: Bioclasts associated with Type IT microstyoclite swarms are
oriented subhorizontally.

T.S. 4623

NAME: Dolomitie brachiopod biomicrudite (packstone).

MICRITE: (49%) matrix.

FOSSILS: (15%) articulated and fragmented brachiopods (90%),
echinodern fragments (10%).

DOLOMITE: (30%) disseminated, very-finely-crystalline euhedral
rhombs within matrix and cccasionally within bioclasts.

INSOLUBLES: (5%) microstyolite associated and disseminated; Note
deflection on resistivity log.

HEMATITE: (1%) rimming bioclasts and disseminated.

T.S. g2t

NAME: Dolomitie brachiopod biomiecrudite (mudstone).

MICRITE: (85%) matrix, and micritization of echinoderm fragments.

FOSSILS: (6%) articulated and fragmented brachiopods (60%),
echinodern fragments (30%) commonly mieritized, ostracods (10%).

DOLOMITE: (5%) disseminated, microcrystalline and occasionally very-
finely-crystalline euhedral rhombs in matrix.

INSOLUBLES: (2%) associated with microstyolite swarms-nodular.

HEMATITE: (1%) oxidized, rimming bioclasts within microstyolite
swarms-nodules.

REMARKS: Very comhon Type II microstyolite swarms-nodular;
Occasional Type I suture seam styolite; Note argillaceous
deflection on resistivity log.

4627.6'-4636.7"

NAME: Dolomitie, brachioped and echinoderm, biomicrudite (wackestone
and occasional packstone),

MINERALS: Calcite (60-80%) matrix and bioclasts; Dolomite (20-40%).
COLOR: Mottled, 1light brownish~gray (5YR7/1) with red (7.5R4/8) and

dark red (10R3/H4) associated with mierostyolites.
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ALLOCHEMS: Fossils; (10%) echinoderm fragments (40-80%), brachiopod
fragments and articulated shells (20%), unidentified fossil
fragments (0-40%).

ORTHOCHEMS: Micrite (50-~70%); Dolomitized micrite (20-40%).

POROSITY: Intererystalline, fracture, pin-point vuggy,
microfracture,

STRUCTURES: Diagenetie color-mottling; Very abundant to occasional
Type II microstyplite swarms-nodule;j Occaslonal to abundant,
vertical to horigontal, fractures with proximal color-mottling low
in the section.

UV OIL TESTS: Show$ at 4627.9' and 4630.7'. Absent at 4631.9',
4632.5', 4634.4" |and 4636.3"'.

REMARKS: Base of the carbonate section of the Dawson Bay Formation.

T.S. 46371

NAME: Dolomitie, brachiopod and echinoderm, biomierudite
(wackestone).

MICRITE: (55%) matpix.

FOSSILS: (10%) tnin-shelled brachiopod fragments (49%), echinoderm
fragments (49%), trilobites (2%).

DOLOMITE: (35%) digseminated, microcrystalline to very-finely-
erystalline euhedral rhombs.

INSOLUBLES: (less than 1%) disseminated.

HEMATITE: (less than 1%) patchy distribution and oxidized proximal
to microstyoliies.

T.S. 4635
NAME: Very dolomitic echinoderm biomierudite (mudstone).
MICRITE: (55%) matrix.

FOSSILS: (1%) partinlly dolomitized, echinoderm fragments (80%),
brachiopod fragments (20%).

DOLOMITE: (40%) disgeminated, mierocrystalline and very-finely-
crystalline euhedral rhombs, in matrix and rimming pores.

ANHYDRITE: (less than 1%) patehy distribution and partially
dolomitized.

QUARTZ: (4less than| 1%) very-fine grained, subrounded.

INSOLUBLES: (5%) disseminated.

HEMATITE: (less than 1%) occasional patches.

REMARKS: Minor fracture and moldic porosity; Common Type II
microstyolite swarms-nodular.

4636.7'-u643"
NAME: Dolomite (mudstone).
MINERALS: Dolomite (100%).
COLOR: Mottled, grayish white (N8/ ) and dull reddish-orange

(10R6/3).

ORTHOCHEMS: Dolomitized micrite (100%).
POROSITY: Intercrystalline.
UV OIL TEST: Absent lat 4638.3',

REMARKS: Top of the |Second Red Bed Member of the Dawsen Bay
Formation. ‘
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NDGS #286
LOCATION: T164N-RTH

BOTTINEAU COUNTY

W-532, NW NE

WELL NAME: ERICKSON #1

COMPANY: LION OIL
DAWSON BAY FORMATIQ
TOP OF THE SECOND §
CORED INTERVAL: 483
KELLY BUSHING ELEVA

4830'-4831"
NAME: Mieroerystall
MINERALS: Dolomite
COLOR: Gray (10Y5/1
ORTHOCHEMS: Dolomit
POROSITY: Fracture,

STRUCTURES: Breccia
REMARKS: Basal Soun

4831'-4833,.4"
NAME: Microerystall

N TOP DEPTH: 4831
ED BED MEMBER: 4963
1'-4878"' (RUBBLE)
TION: 1539

INTERVAL AND DESCRIPTIONS

ine Dolomite (mudstone).

(99%) matrix; Anhydrite (1%) filling fractures.
).

ized micrite (99%).

intercrystalline.

ted.
is River Formation.

ine, intraclastie, argillaceous, peloidal

dolomite (mudstone).

MINERALS: Dolomite
COLOR: Light gray (
ALLOCHEMS: Fossils

(0-2%) micritio;
ORTHOCHEMS: Dolonit
POROSITY: Fracture,
STRUCTURES: Subhori

deformation; Brec

argillaceous lami
UV OIL TESTS: Absen

T.S. 4831

NAME: Dolomltized,
INTRACLASTS: (5%) ¢
PELOIDS: (5%) mieri
DOLOMITE: (85%) miec

fractures.
ANHYDRITE: (3%) spa
HEMATITE: (2%) diss

T.S. U4832.5'!
NAME: Dolomltized,

(90%) matrix; Clay (10%) laminae.

10YR7/1) to brownish black (10YR3/1).

(0-2%) blue-green algae (?) (100%); Peloids
Intraclasts (5%) eryptalgal dolomite composition.
ized micrite (90%).

intercrystalline.

zontal argillaceous laminations; Soft sediment
piated. Dessication fractures associated with
hations; Abundant subhorizontal microbreceia.

£ at 4831.5' and 4832'.

intraclastic, peloidal, argillaceous (mudstone).
ryptalgal dolomite composition.

tie.

rocrystalline, euhedral rhomb matrix, and healing

rry, filling mierofractures.
eminated.

peloidal, intraclastic, argillaceous (mudstone).

INTRACLASTS: (3%) cryptalgal dolomite composition.

PELOIDS: (1%) assoc

lated with eryptalgal laminations.

DOLOMITE: (90%) microerystalline euhedral rhombs.
INSOLUBLES: (5%) subhorizontal, associated with argillaceous

laminations.
HEMATITE: (1%) oxid

4831'-4833.4"

l1zed, associated with argillaceous laminations.
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MINERALS: anhydrite (96%); Insolubles (3%); Hematite (1%).
COLOR: Mottled, brownish gray (7.5YRU/1).
STRUCTURES: Reliec eryptalgal laminations; Brecciated.

NAME: Cryptalgal, bedded-mosaie, anhydrite.
UV OIL TESTS: Absdnt at 4832.6' and 4833.1'.
|

T.S. 4833.8!
NAME: Cryptalgal rleplacive anhydrite,
FOSSILS: (30%) blue-green algae (?) (100%).
ANHYDRITE: (70%) metasomatic replacement,
INSOLUBLES: (5%) associated with relict cryptalgal laminations, and
disseminated.
HEMATITE: (less thpn 1%) oxidized, eryptalgal association.

4834r-4835,7"

NAME: Anhydritie, eloidal, cryptalgal dolomite (boundstone).

MINERALS: Dolomite| (95%) Matrix; Anhydrite (5%).

COLOR: Light brownish-gray (7.5YR7/1).

ALLOCHEMS: Fossils| (30%) blue-green algae (?) (100%); Peloids
(10-15%) associated with cryptalgal laminations.

ORTHOCHEMS: Dolomitized mierite (95%).

POROSITY: Fracture intrapartiele, intererystalline.

STRUCTURES: Subhorizontal to crenulated cryptalgal laminations;
Breccilated.

UV OIL TESTS: Show‘at 4835.5¢",

T.S. 14835" |
NAME: Pelloidal, ¢ yptalgal, replacive anhydrite.
PELOIDS: (5%) mieritic.

FOSSILS: (20%) blue-green algae (?) (95%), unidentified fossil
ghosts (5%).

DOLOMITE: (15%) mi rocrystalline, euhedral rhomb matrix.

ANHYDRITE: (59%) sparry, filling fractures; microerystalline; and
amorphous anhydrite replacement of matrix.

INSOLUBLES: (1%) disseminated.

HEMATITE: (less than 1%) disseminated.

4835.7'-14836.2"
NAME: Cryptalgal, ﬁedded—massive, anhydrite.
MINERALS: Anhydrite (80%); Dolomite (20%).
COLOR: Mottled, brownish black (7.5YR3/1) with brownish gray
(7.5YR6/1). |
ALLOCHEMS: Fossils ((20%) blue-green algae (?) (100%).
ORTHOCHEMS: Dolomitfized micrite (20%).
STRUCTURES: Cryptal&al laminations; Brecciated.

4836.2'-4836.6"

NAME: Pelloidal eryptalgal dolomite (boundstone).

MINERALS: Dolomite (100%).

COLOR: Mottled, bro%hish black (7.5YR3/1) with brownish gray

(T.5YR6/1).

ALLOCHEMS: Fossils F30%) blue-green algae (?) (100%); Peloids

(10-15%) micritici
|

ORTHOCHEMS: Dolomitized mierite (55-60%).

|
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POROSITY: Fracture,%intraparticle, intererystalline.
STRUCTURES: Cryptaléal laminations; Brecciated.
|
4836.6'-4837" |
NAME: Microcrystalline, gastropod, peloidal dolomite (mudstone).
MINERALS: Dolomite Q98%) matrix; Anhydrite (2%) filling fractures.
COLOR: Light brownigh-gray (7.5YR7/1).
ALLOCHEMS: Peloids (10%) micritic; Fossils (3%) gastropods (100%).
ORTHOCHEMS: Dolomitgzed miecrite (87%).
POROSITY: Fracture,iintercrystalline, pin-point vuggy, vuggy, moldic
and fenestral. i
STRUCTURES: Common,!thinnly—laminated, dolomitized micrite;
Breceiated with anhydrite filling fractures; and replacement of
ad jacent dolomite,

4837'-4868"

NAME: Very-finely-crystalline, fossiliferous, dolomite (wackestone).

MINERALS: Dolomite (99%) Matrix; Anhydrite (1%) filling fractures.

COLOR: Light gray (7.5YR8/2) to light brownish-gray (7.5YR7/2).

ALLOCHEMS: Fossils (10%) whole and fragmented brachiopods (10-45%),
rugosan corals (10-20%), cylindrical stromatoporoids (5-10%),
echinoderm fragments (0-10%), tabular stromatoporoids (5%),
gastropods (5%), cephalopods (1%).

ORTHOCHEMS: Dolomitized micrite (89%).

POROSITY: Fracture, intercrystalline, moldie.

STRUCTURES: Brecciated, with fractures and micreofractures.

UV OIL TESTS: Show at 4836.9'; Absent at 4838.5'; Shows at yguzr,
4845.5"' and 4BU8.8'; Absent at 4852', 4855.5', 4858', 4B61', U861
and 4864.2'., Show at L4867'.

REMARKS: Rubble.

T.S. 4839 ‘
NAME: Dolomitized bipmierudite (wackestone).
FOSSILS: (10%) unidehtified fossil fragment molds~vugs (100%).
DOLOMITE: (94%) veryrfinely-crystalline euhedral rhomb matrix, with
medium—crystallineieuhedral rhombs filling early fractures and
rimming later moldic pores and fractures.
ANHYDRITE: (5%) bladed-sparry, filling late fractures and replacing

T.S. 4847

minated in matrix.

adjacent dolomite tatrix.
e

INSOLUBLES: (1%) dis

REMARKS: High vuggy

orosity.

HEMATITE: (less thanL1%) disseminated in matrix.

T.S. 48u3: \

NAME: Dolomitized st#omatoporoid bilomicrudite (wackestone).
FOSSILS: (10%) unidemtified, fossil fragment, molds (90%),

subspherical stroms
DOLOMITE: (89%) very-
finely-erystalline

rtoporoid molds (10%).
rfinely-crystalline euhedral rhomb matrix with
euhedral rhombs rimming pores.

ANHYDRITE: (less than '1%) sparry-bladed, filling fractures.
INSOLUBLES: (1%) disseminated in matrix.

HEMATITE: (less than

1%) disseminated in matrix.

e

e e e .



T.S. 4857

266

Dolomitized mierite (mudstone).

DOLOMITE: (100%) very-finely-crystalline euhedral rhomb matrix, with
medium-crystalline euhedral rhombs rimming pores.

ANHYDRITE: (less than 1%) filling to partially filling fractures.

INSOLUBLES: (less
REMARKS: High frad
to fractures.

NAME: Dolomitized
FOSSILS: (69%) tab
DOLOMITE: (30%) ve

euhedral rhomb m
ANHYDRITE: (1¢) fi

than 1%) disseminated in matrix.
ture porosity; Diagenetic color-mottling proximal

stromatoporoid biomicrudite (wackestone).

ular stromatoporoids (99%), brachiopod molds (1%).
ry-finely-crystalline to finely crystalline

atrix, and rimming intraparticle pores.

1ling to partially filling pores.

4868'-4872.8"

orange (10YR7/2)| s

ALLOCHEMS: Fossils|(

2chinoderm fragmen
ORTHOCHEMS: Doleonmiti
POROSITY: Fracture

UV OIL TESTS: Show a

4872.8'-4878"

wackestone).
MINERALS: Dolomite |

to fractures
ALLOCHEMS: Fossils:
(20%) shells disar
ORTHOCHEMS: Dolomiti
POROSITY: Fracture,

VUgEZY.

UV OIL TESTS: Absent
REMARKS: Base of avh

T.S. 4875

finely-crystalline
rimming later frae
INSOLUBLES: (less th
HEMATITE: (less than

NAME: Very—finely—:rystalline, brachiopod, dolomite (wackestone).

MINERALS: Dolomite| (99%) matrix; Anhydrite (0-1%) bladed erystals
occasionally filling fractures and molds.

COLOR: Mottled, brownish gray (10YR6/1) matrix, and dull yellow-

tromatoporoids, with rare to abundant bright

brown (7.5YR5/8), and red (10R4/6).

10%) brachiopods (70%) shells articulated,

ts (25%), subspherical stromatoporoids (5%).
zed micrite (90%).

intercrystalline, intraparticle, moldie, vuggy.

STRUCTURES: Brecciated; Occasional Type II microstyolite swarm.

t 4870',

NAME: Very-finely-arystalline, echinederm, dolomite (mudstone-

99%) matrix; Anhydrite (0-1%) bladed crystals,

occasionally filling fractures and molds, with adjacent
replacement of dolomite.
COLOR: Mottled, brgwnish gray (10YR6/1) with red (10RY4/6) adjacent

(5-10%) echinoderm fragments (80%), brachiopods
ticulated and articulated.

zed micrite (90-95%).
intercrystalline, pin-point vuggy, moldie,

STRUCTURES: Breccialted.

at 4873.5'; Show at U4877'.
ilable core.

NAME: Dolomitized micrite (mudstone).
DOLOMITE: (100%) mierocrystalline, euhedral rhomb matrix; and very-

"euhedral rhombs filling earlier fractures and
fures.
an 1%) disseminated in matrix.

1%) disseminated in matrix.




NDGS #793

DUNN COUNTY"

LOCATION: T149N-R91W-S22, SE NW

WELL NAME: SOLOMON

BIRD BEAR #1

COMPANY: MOBIL PRQDUCING COMPANY

DAWSON BAY FORMATION TOP DEPTH: 11052'

TOP OF THE SECOND [RED BED MEMBER: 11150

CORED INTERVAL: 11044'-11150"

REMARKS: THERE IS |AN EIGHT FOOT DIFFERENCE BETWEEN CORE AND LoOG

DEPTHS

KELLY BUSHING ELEVATION: 2102

INTERVAL AND DESCRIPTIONS

1104411052

NAME: Dolomitic, e
MINERALS: Dolomite
and bioclasts; P
COLOR: Mottled, b
grayish yellow-b
ALLOCHEMS: Fossils
(40%), ostracoeds
ORTHOCHEMS: Micrit
POROSITY: Intercry
STRUCTURES: Diagen
microfractures w

chinoderm and gastropod, biomicrudite (mudstone).
(30%2) matrix and bioclasts; Calcite (70%) matrix
yrite (less than 1%).

rownish gray (10YR4/1) microerystalline-lower and
rown (10YRU/2) mieroerystalline-upper.

(3-5%), gastropods (40%), echinoderm fragments
(20%).

e (65%); Dolomitized micrite (26%).

stalline, microfracture, moldic.

etic color-mottling; Common subvertical

fthin earlier microcrystalline-lower dolomite

matrix; Common, microerystalline-upper dolomite, healing earlier

fractures and ni

erofractures; Abundant subhorizontal Type IT

microstyoclite swarms with associated microerystalline dolomite,
and color-mottling.

UV OIL TESTS: Show

at 11051.9'.

REMARKS: Basal Souris River Formation.

11052'-11056.7"

T.3. 11052

NAME: Microcrystalline, gastropod, peloldal dolomite (mudstone).

MINERALS: Dolomite
Pyrite (2%).
COLOR: Mottled, dul
(10YR5/1) associd
ALLOCHEMS: Fossils
fragment ghosts (
ORTHOCHEMS: Dolomiy
POROSITY: Intercrys
STRUCTURES: Abundan
microburrows (ave
mottling; Occasig
subhorizontal fra
UV OIL TESTS: Show
REMARKS: Top of the

NAME: Dolomitized,
(mudstone).
MICRITE: (4-34%) ma

(68%) matrix; Caleite (30%) matrix and bioclasts;

1 yellow-orange (10YR7/3) with brownish gray
ted with pyrite.

(1%) gastropods (50%), unidentified fossil
50%).

ized micrite (70%); Micrite (30%).

talline.

t subvertical discontinuous pyrite filled
rage length of 0.25 cm); Diagenetic color-
nal Type II microstyolite swarm-seam; Occasional
ctures.

at 11052.1', 11053.4"' and 11055°'.

Dawson Bay Formation.

ostracod and echinoderm, biomicarenite

trix.

267
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MICROSPAR: (3%) replaces micrite adjacent to microfractures.

CALCITE CEMENT: (2%) fills brecciated fractures.

PSEUDOSPAR: (1%) neplaces micrite adjacent to fractures.

FOSSILS: (5%) echinoderm fragments (50%), ostracods (30%),
unidentified foﬂsil fragments (20%).

DOLOMITE: (55-85%) microcrystalline-lower, euhedral rhomb matrix;
common, microcrystalline-upper, euhedral rhombs, proximal to
fractures. |

HEMATITE: (less thkn 1%) disseminated adjacent to brececia.

11056.7'-11059.3"

NAME: Gastropod biomicrudite (mudstone-wackestone).

MINERALS: Calcite (100%) matrix and bioclasts; Pyrite (less than
1%).

COLOR: Mottled, reddish gray (2.5YRL/1) to reddish gray (2.5YR6/1).

ALLOCHEMS: Fossils| (5-10%) gastropods (60%), echinoderm fragments
(30%), ostracods| (10%).

ORTHOCHEMS: Micrite (90-95%);

POROSITY: Intercrystalline, moldic.

STRUCTURES: Diagenetic color-mottling; Abundant to occasional,
subhorizontal Type II microstyolite swarms and seams; Common,
microfractures apsociated with brecclation, occasionally filled by
calcite cement.

JvV OIL TESTS: Showf at 11056.9' and 11058.5°'.

11059.31-11059.5"

NAME: Echinoderm b%omicrudite (wackestone).

MINERALS: Caleite (99%) matrix, and pseudospar replacement of
bioclasts; Pyrite (1%) rimming to filling moldic pores.

COLOR: Mottled, brownish gray (10YR5/1) and grayish yellow-brown
(10YR5/2). 1

ALLOCHEMS: Fossils‘(]O-ZO%) commonly replaced by calecite pseudospar,
echinoderm fragments (40%), brachiopods (25%) shells
disarticulated and articulated, ostracods (25%), gastropods (10%)
occasionally microscopic in size. 1

ORTHOCHEMS: Micritg (79-89%).

POROSITY: Intercrystalline, moldic (occasionally to 2 cm length).

STRUCTURES: Diagenetic color-mottling; Burrow-mottling;
Microfractures a#sociated with brecciation.

11059.5'-11060" |
NAME: Argillaceous micrite {(mudstone).

et o A O S R L 0

MINERALS: Caleite (95%) matrix; Clay (3%) disseminated in matrix;
Pyrite (2%) assodiated with fenestral fabric and disseminated.
COLOR: Brownish gray (10YR4/1).
ORTHOCHEMS: Micrite (99%). |
POROSITY: Intercrygtalline and fenestral. :
STRUCTURES: Occasignal, Type II microstyollte swarms, nodules, and
occasional microstyolite seams (possible shale partings);
Occasional dessi ation-cracked surfaces; Common to abundant,
vertically oriented, tubular fenestral fabric with associlated
pyrite; Occasional diagonal fracture.
11060'-11060.7" |
NAME: Brachiopod intramicrudite (packstone).

|
|
l




.S.

11060.7'-11068, 2!
NAME: Intraclastic,

(mudstone-wackest
MINERALS: Calecite (

T.S.

MINERALS: Calcite

(1%) disseminated

[99%) matrix, intraclasts, and bioclasts.

Clay

and microstyolite associated; Pyrite (1%) lining

molds and disseminated.

COLOR: Mottled, br
(10YR6/2).

pwnish gray (10YRU/1) and grayish yellow-brown

ALLOCHEMS: Intraclasts (30%) biomicrudite composition; Fossils (20%)

brachiopods (60%)
fossil fragments
ORTHOCHEMS: Micritg
STRUCTURES: Erosion

Common, subvertid
pyrite; Occasiong

UV OIL TESTS: Show

11060.5"

NAME: Intraclastie
MICRITE:
INTRACLASTS:
FOSSILS:
bioclast shells,
fragments (20%),

(50%

ostracods (5%), ¢
(less tha

rhombs in matrix.
PYRITE: (1%) replac
(less tha
(2%) asso

DOLOMITE:

BITUMENS:
HEMATITE:

(20-30%) m

shells occasionally articulated, unidentified

(20%), ostracods (15%), gastropods (5%).

(49%).

al unconformity with very abundant intraclasts;
al, tubular fenestral fabric with associated

1, Type II microstyolite swarms and seams.

at 11060.7°'.

brachiopod biomierudite (mudstone-wackestone).
atrix and intraclasts.
bored, biomicrudite composition.

(3-10%) common, calcite pseudospar recrystallization of

brachiopod fragments (50%), unidentified fossil
gastropods (15%), echinoderm fragments (5%),
alcispheres (5%).

n 1%) disseminated, microerystalline euhedral

Ing and rimming bioclasts.
n 1%) disseminated in matrix.
ciated with moldic pores and disseminated.

peloidal, ostracod and gastropod, biomicrudite
bne) .
97%) matrix, intraclasts, peloids, bioclasts;

Clay (2%) microstyolite associated and disseminated; Pyrite (1%)

Patchy distributi
1%) patchy distril
COLOR: Mottled, broy

(10YR6/2),
ALLOCHEMS: Fossils

b1 associated with bitumens; Bitumens (less than
butlon in matrix.
ynish gray (10YR4/1) to grayish yellow-brown

2-20%) gastropods (10-80%), ostracods (10-85%),

unidentified fossil fragments (5-90%), brachiopod fragments
(10-40%), echinoderm fragments (5-60%); Peloids (2-10%) mieritic
composition; Intraclasts (0-10%) bioclastic composition.

ORTHOCHEMS: Micrite
pores and fracturs
POROSITY: Intercryst

channel,

STRUCTURES: Diagenet
due to brecciation

Abundant Type II

styolite separatin
composition and qu
UV OIL TESTS: Shows
11067.2'; Show at

11064

(70-96%); Calcite cement (0-5%) filling moldic
S.
alline, microfracture, fracture, moldie,

ic color-mottling; Very abundant microfracturing
; Common subvertical fractures lower in section;
icrostyolite swarms; Common Type I suture seam
g subhorizontal layers of varying bioclast
antity. '

at 11063.5', 11064.2' and 11065.7".

11068,

hus

Absent at

ot i i e+
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T.S. 11068

11068.2'-11069"

11069'-11071"

270

NAME: Peloidal, ec¢hinoderm and ostracod; biomicrudite (mudstone-

wackestone).

CALCITE CEMENT: (1%) filling fractures.

MICRITE: (86-93%) |matrix.

MICROSPAR: (less than 1%) rimming fractures and moldic pores.
PSEUDOSPAR: (1%) flilling fractures, and replacing micrite, ad jacent

to fractures.

PELOIDS: (1%) mienitic composition.

FOSSILS: (3-10%) dommonly recrystallized to caleite pseudospar,
echinoderm fragments (20%), ostracods (30%), brachiopod fragments
(20%), gastropods (15%), unidentified fossil fragments (5%).

DOLOMITE: (1%) disjseminated, microcrystalline, euhedral rhombs.

BITUMENS: (less than 1%) disseminated.

INSOLUBLES: (less [than 1%) microstyolite associated.

HEMATITE: (1%) microstyolite associated and disseminated.

NAME: Brachiopod, gastropod, and ostracod bilomicrudite (wackestone).
MICRITE: (86%) matrix.

CALCITE CEMENT: (2§) filling fractures and microfractures.
FOSSILS: (10%) ostracods (30%), unidentified fossil fragments (25%),
gastropods (20%)} brachiopod fragments (20%), echinoderm fragments

(5%).

DOLOMITE: (1%) dis$eminated, microerystalline euhedral rhombs in
matrix, and occasional very-finely-crystalline euhedral rhombs
proximal to fractures.

BITUMENS: (less than 1%) disseminated in matrix.

INSOLUBLES: (less than 1%) disseminated in matrix.

HEMATITE: (1%) rimming pores and disseminated in matrix,.

NAME: Stromatoporoi
MINERALS: Calecite (
associated with +
COLOR: Brownish grd
ALLOCHEMS: Fossils
upper-section, un
(5%), echinoderm

ORTHOCHEMS: Micrite

pores.
POROSITY: Intrapart|
STRUCTURES: Common,
Occasional Type I
individual and mi
UV OIL TESTS: Absen

NAME: Echinoderm b1
MINERALS: Calcite (
assoclated with m
fractures near ba

d biomicrudite (packstone).

100%) matrix and bioclasts; Halite (less than 1%)
uggy pores.

y (10YR5/1).

(60-100%) tabular stromatoporoids (70-100%) in
identified fossil fragments (15%), bryozoans
fragments (5%), brachiopod fragments (5%).
(0-37%); Calcite cement (0-3%) filling moldic

icle, intercrystalline, moldie, vuggy.
microfractures associated with brecclation
suture seam styolites; Occasional Type II
crostyolites swarms.

t at 11068.5'; Show at 11069°'.

pmicrudite (mudstone-wackestone).

100%) matrix and bioclasts; Halite (less than 1%4)
bldic-vuggy pores; Pyrite (less than 1%) filling
s5e of section.

COLOR: Brownish gray (10YRU/1).

ALLOCHEMS: Fossils
fossil fragments

5-10%) echinoderm fragments (40%), unidentified
(37%), brachiopod fragments (15%), bryozoans




x
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(5%, gastropcdsL(Z%), trilobites (1%).

ORTHOCHEMS: Micrite (89-94%); Calcite cement (14) £illing and
rimming moldic pores and fractures.

POROSITY: Fracture} intercrystalline, microfracture, vuggy, moldie.

STRUCTURES: Rubble| (11069'-11069.5'); Microfractures commonly
associated with irecciation; Occasional Type II microstyolite
swarms with flasger-like bioclast ghosts near base of section.

UV OIL TESTS: Showiat 11071,

i s A PR i

e et s S

110717 =11074 " | |
NAME: Intraclastie|bryozoan biomicrudite (wackestone-packstone). |
MINERALS: Calcite 3100%) matrix and bioclasts; Halite (less than :
1%). 3

COLOR: Brownish gr#y (10YR4/1) with dull yellow-brown (10YR5/3)
patches.

ALLOCHEMS: Fossils!(ZO%) bryozoans (60%), brachiopod fragments
(20%), cylindriecal stromatoporoids (10%), echinoderm fragments
(10%); Intraclasts (5-10%) bioclastic composition.

ORTHOCHEMS: Micrite (70%).

POROSITY: Intrapartiicle, intererystalline, microfracture.

STRUCTURES: Rubble (11071.5'-11073.5'); Very abundant,
subhorizontal, mﬂcrofractures; Very abundant, subhorizontal, Type
IT microstyolite |swarms.

UV OIL TESTS: Show %t 11072.5"'; Absent at 11073.9°'.

T.S. 11072! |
NAME: Dolomitiec, pehoidal, echinoderm and brachiopod, biomicrudite
(packstone).

MICRITE: (75-83%) matrix.

MICROSPAR: (1%) occasionally rimming bioeclasts.

PSEUDOSPAR: (3%) reilacement of micrite adjacent to bioclasts.

PELOIDS: (5%) micritiec.

FOSSILS: (50%) commpnly recrystallized to pseudospar, brachiopods
(50%), echinoderm|fragments (30%), unidentified fossil fragments
(7%), cylindrical| stromatoporoids (5%) 2-3 mm average diameter,

corals (5%), ostracods (5%).

DOLOMITE: (2-10%) disseminated, microerystalline, euhedral

rhombs in matrix?and very-finely-crystalline euhedral rhombs

rimming pores.

ANHYDRITE: (less than 1%) replacing matrix.

BITUMENS: (less tham 1%) disseminated in matrix.

INSOLUBLES: (less than 1%) disseminated in matrix, and microstyolite
associated. ‘

HEMATITE: (1%) fraciure and microstyolite association.

110741-11077.3"
NAME: Stromatoporoid biomicrudite (wackestone).
MINERALS: Calcite (97%) matrix and bioclasts; Dolomite (3%); Halite |

(less than 1%). ;
COLOR: Mottled, brownish gray (10YR4/1) and dull yellow-orange
(10YR6/3).
ALLOCHEMS: Fossils (20%) cylindriecal stromatoporoids (55%),
bryozoans (20%), tabular stromatoporoids (10%), subspherical
stromatoporoids (5%), brachiopods (5%).
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ORTHOCHEMS: Micrite (76-78%); Dolomitized micrite (2-4%) associated
with porosity.

POROSITY: Intercrystalline, intrapartiecle, microfracture.

STRUCTURES: Irregularly oriented microfractures; Abundant Type II

microstyolite swarms.
UV OIL TESTS: Shows at 11075.5' and 11076.5'; Absent at 11077.1°.

T.S. 11076
NAME: Peloidal stromatoporoid biomicrudite (packstone).

MICRITE: (U43-53%) Matrix.

PSEUDOSPAR: (1%) replacing micrite between bioclasts.

PELOIDS: (2%) micritic.

FOSSILS: (40-50%) commonly micritized, tabular stromatoporoids
(50%), echinoderm fragments (30%), brachiopod fragments (30%),
Tabulate corals (20%), unldentlxled fossil ghosts (20%).

DOLOMITE: (2%) disseminated, microerystalline, euhedral rhombs
within matrix and bloclasts.

ANHYDRITE: (1%) occasional matrix disseminated laths and filling
pores.

BITUMENS: (less than 1%) associated with pores.

INSOLUBLES: (less than 1%) associated with microstyolites and
disseminated.

HEMATITE: (1%) disseminated and associated with microstyolites.

REMARKS: Very abundant Type II microstyolite swarms.

11077.3'-11080.3"
MISSING.

11080.3'-11082.5"

NAME: Brachiopod biomicrudite (Packstone).

MINERALS: Calecite (100%) matrix and bioclasts; Halite (less than
1%).

COLOR: Mottled, brownish black (10YR3/2) matrix with grayish yellow-
brown (10YR4/2) very finely crystalline dolomite associated with
healed microfractures.

ALLOCHEMS: Fossils (50-70%) brachiopods (20-70%) shells
disarticulated, bryozoans (5-20%), echinoderm fragments (5-10%),
subspherical stromatoporoids (10%).

ORTHOCHEMS: Micrite (25-40%); Calcite pseudospar (3-5%) replacing
micrite adjacent to bioclasts; Dolomitized micrite (2-5%).

POROSITY: Intercrystalline, intraparticle, fracture, microfracture.

STRUCTURES: Diagenetic color-mottling; Abundant subhorizontal to
irregularly oriented microfractures in miecrite which are commonly
healed by dolomite; Occasional subvertical fractures cross-cutting
all lithologies; Bioclasts subhorizontally oriented.

UV OIL TESTS: Shows at 11081' and 11082',

T.S. 11081.9!
NAME: Echinoderm and brachiopod biomicrudite (packstone).

MICRITE: (43%) matrix.

PSEUDOSPAR: (2%) syntaxial overgrowths of echinoderm fragments and
recrystallization of micrite adjacent to bioclasts.

FOSSILS: (50%) very commonly micritized, brachiopod fragments (50%),
echinoderm fragments (29%), unidentified fossil fragments (20%),




unidentified s romatoporoid (1%),

DOLOMITE: (3%) disseminated, microcrystalline euhedral rhombs in
matrix.

HALTITE: (1%) cubie molds in matrix,

BITUMENS: (less than 1%) microstyolite associated and disseminated.

INSOLUBLES: (less than 1%) microstyolite associated and
disseminated.

HEMATITE: (1%) disseminated and oxidized where associated with
microfractures and microstyolites.

b A,

11082.5'-11083.2"

NAME: Intraclastic bryozoan biomicrudite (packstone).

MINERALS: Calcite (99%) ma‘rix and bioclasts; Halite (1%) filling
moldic pores.

COLOR: Mottled, brownish black (10YR3/2) micrite matrix with grayish
yellow-brown (10YRU/2) dolomite associated with microfracture
healing.

ALLOCHEMS: Fossils (30-50%) bryozoans (90%), brachiopod fragments
(5%), echinoderm fragments (5%).

ORTHOCHEMS: Micrite (40%); Caleoite pseudospar (10%); Dolomitized
micrite (less than 1%).

POROSITY: Intercrystalline, intraparticle, fracture, microfracture,
moldie.

STRUCTURES: Diagenetic color-mottling; Abundant subhorizontal and

irregularly oriented microfractures; Occasional Type II scattered
microstyolites.

11083.2'-11085.5"

NAME: Brachiopod and bryozoan biomicrudite (wackestone).

MINERALS: Caleite (99%) matrix and bloclasts; Halite (1%) filling
moldic pores.

COLOR: Mottled, b“rownish black (10YR3/2) micrite matrix with grayish
yellow-brown (10YRU/2) dolomite associated with microfracture
healing.

ALLOCHEMS: Fossils (10-15%) bryozoans (50%), brachiopods (30%),
echinoderm frazzzents (209).

ORTHOCHEMS: Micrite (83%); Dolomitized micrite (2%).

POROSITY: Interecrystalline, Intraparticle.

STRUCTURES: Diagsnebice color-mottling; Rubble common.

UV OIL TESTS: Show at 11085,

11085.5'-11091.5"

NAME: Peloidal, “rzchiopod and echinoderm, biomicrudite (packstone-~
wackestone).

MINERALS: Calecitz {39%) Matrix and bioclasts; Halite (1%) Molds 1in
matrix.

COLOR: Mottled, zzvish yellow-brown (10YR4/2) and brownish black
(10YR3/2).

ALLOCHEMS: Fossils (10-20%) Echinoderm fragments (25-50%),
brachiopod frazsats (10-30%), subspherical stromatoporoids
(0-25%), bryozczzs (0-25%); Peloids (0-20%) micritic.

ORTHOCHEMS: Micr:izz (58-88%); Dolomitized micrite (2%) healing
microfractures.

POROSITY: Intercrrszalline, moldie, Intraparticle, fracture,
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microfracture.

STRUCTURES: Diagenetic color-mottling; Abundant subvertical (later)
fractures; Abundant subhorizontal, dolomite healed, microfractures
(earlier); Occasional Type II microstyolite swarm.

UV OIL TESTS: Shows at 11087.3', 11088.9' and 11090.5"'.

T.S. 11086"

NAME: Echinoderm and brachiopod biomicrudite (packstone).

MICRITE: (46-50%) matrix.

MICROSPAR: (3%) rimming of bioclasts and recrystallization of
micrite in interiors of bioclasts.

PELOIDS: (6%) mieritic composition.

FOSSILS: (U40%) extensively micritized, brachiopods (40%), echinoderm
fragments (40%), unidentified fossil fragment ghosts (15%),
ostracods (5%).

DOLOMITE: (0-U4%) matrix disseminated, microcrystalline, euhedral
rhombs.

BITUMENS: (less than 1%) matrix disseminated.

INSOLUBLES: (less than 1%) matrix disseminated.

HEMATITE: (1%) oxidized, disseminated and associated with
microstyolites.

REMARKS: Open moldie, vuggy, and fracture porosity; Color-mottling
adjacent to, very abundant vertical and horizontal, subparallel
microfractures which cut bioclasts.

T.S. 11088"

NAME: Dolomitic stromatoporoid biomicrudite (packstone).

MICRITE: (14%) matrix.

MICROSPAR: (10%) patchy distribution in miecrite.

FOSSILS: (70%) tabular stromatoporoids (63%), echinoderm fragments
(15%), brachiopod fragments (15%), rugosan corals (5%), ostracods
(1%), gastropods (1%).

DOLOMITE: (4%) disseminated, microcrystalline euhedral rhombs and
rimming pores.

ANHYDRITE: (less than 1%) disseminated laths.

HALITE: (1%) cubic molds in matrix.

INSOLUBLES: (less than 1%) Disseminated in matrix.

HEMATITE: (1%) disseminated and rimming pores.

REMARKS: Gastropod enclosed within stromatoporoid.

T.S. 11090"

NAME: Dolomitie, echinoderm and brachiopod, biomicrudite
(wackestone-packstone).

MICRITE: (75-85%) matrix.

FOSSILS: (10-20%) articulated and fragmented brachiopods (40%),
echinoderm fragments (40%), unidentified fossil fragments (20%).

DOLOMITE: (U4%) disseminated, microcrystalline, euhedral rhombs.

INSOLUBLES: (less than 1%) matrix disseminated.

HEMATITE: (1%) matrix disseminated, and rimming microfracture.

REMARKS: Type II individual microstyolites, and swarms.

T.S. 11091
NAME: Dolomitie, stromatoporoid, brachiopod, echinodern,
biomicrudite (packstone).
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MICRITE: (10%) matrix.

PSEUDOSPAR: (20%) recrystallization of micrite adjacent to
bioclasts.

PELOIDS: (4%) mieritic composition.

FOSSILS: (60%) echinoderm fragments (35%) micritized rims,
brachiopod fragments (25%), tabular stromatoporoids (25%),
subspherical stromatoporoids (10%), bryozoans (5%) micritized.

DOLOMITE: (4%) disseminated, microerystalline euhedral rhombs in
matrix, and occasionally in echinoderms.

ANHYDRITE: (1%) filling moldic pores.

HALTTE: (1%) filling moldic pores and occurring as cubic ghost molds
in matrix.

INSOLUBLES: (less than 19) disseminated in matrix.

HEMATITE: (less than 1%) microfracture associated and matrix
disseminated.

11091.5'-11094,8"

NAME: Peloidal echinoderm biomicrudite (wackestone-mudstone).

MINERALS: Calcite (99%) matrix and bioclasts; Halite (1%).

COLOR: Mottled, grayish yellow-brown (10YR4/2) and brownish black
(10YR3/2).

ALLOCHEMS: Fossils (0-10%) echinoderm fragments (100%).

ORTHOCHEMS: Micrite (85-95%); Dolomitized micrite (5%).

POROSITY: Intercrystalline, microfracture, moldiec.

STRUCTURES: Diagenetic color-mottling; Abundant subhorizontal and
subvertical microfractures.

UV OIL TESTS: Show at 11092' and 11093.5"',

11094,8'-11095,2"

NAME: Echionoderm and brachiopod biomicrudite (packstone).

MINERALS: Calecite (99%) matrix and bioclasts; Halite (1%).

COLOR: Mottled, grayish yellow-brown (10YR4/2) and brownish black
(10YR3/2).

ALLOCHEMS: Fossils (15-20%) echinoderm fragments (50%), brachiopod
fragments (50%).

ORTHOCHEMS: Micrite (80-85%).

POROSITY: Intercrystalline.

STRUCTURES: Diagenetic color-mottling; Subvertical to irregularly
oriented microfractures.

UV OIL TESTS: Show at 11095°'.

11095,2'-11100, 1"

NAME: Echinoderm and brachiopod biomicrudite (mudstone-wackestone
with interbedded layers of packstone).

MINERALS: Calecite (99%) matrix and bloclasts; Halite (1%).

COLOR: Mottled, grayish yellow-brown (10YRL4/2) and brownish gray
(10YR4/1).

ALLOCHEMS: Fossils (0-10%) and occasionally (10-40%) echinoderm
fragments (50-100%), brachiopod fragments and occasional
disarticulated shells (50-100%), unidentified fossil fragments
(0-30%).

ORTHOCHEMS: Micrite (86-96%); Caleite pseudospar (2%) as syntaxial
overgrowths of echinoderm fragments; Dolomitized micrite (2%).

POROSITY: Intercrystalline, vuggy, microfracture, moldic.

e ton sttt i s e e

T N



STRUCTURES: Diagenetic color-mottling; Very abundant subvertical and
subhorizontal microfractures commonly healed by dolomite;
Occasional Tyre I suture seam styolites associated with
packstones; Occasional %o very abundant Type II individual-swarm
microstyolites associated with wackestones.

UV OIL TESTS: Shows at 11096' and 11098'; Absent at 11099'.

T.S. 11099

NAME: Echinoderm biomicrudite (mudstone-wackestone).

MICRITE: (76-91%) matrix.

PSEUDOSPAR: (less than 1%) syntaxial overgrowths of echinodern
fragments. )

FOSSILS: (5-20%) commonly micritized, echinoderm fragments (70%),
thin-shelled brachiopods (29%), ostracods (1%).

DOLOMITE: (4%) disseminated microcrystalline euhedral rhombs in
matrix.

BITUMENS: (less than 1%) disseminated in matrix.

INSOLUBLES: (less than 1%) disseminated in matrix.

HEMATITE: (less than 1%) matrix disseminated and mierofracture
associated.

11100.1'-11103.2"

NAME: Echinoderm biomicrudite (mudstone-wackestone).

MINERALS: Calcite (99%) matrix and bioclasts; Halite (1%).

COLOR: Mottled, grayish yellow-brown (10YR4/2) and brownish gray
(10YRE/1).

ALLOCHEMS: Fossils (0-10%) echinoderm fragments (70%), brachiopod
fragments (30%).

ORTHOCHEMS: Micrite (87-97%); Calcite pseudospar (2%); Dolomitized
micrite (1%).

POROSITY: Microfractures, intercrystalline, vuggy.

STRUCTURES: brecciation microfractures which control dolomitization
and color-mottling; Rubble (11102.2'-11103.2').

UV OIL TESTS: Absent at 11101'; Show at 11102.5°'.

11103.2'-11110,4"

NAME: Echinoderm and brachiopod biomicrudite (mudstone-wackestone
with interbedded layers of packstone).

UV OIL TESTS: Shows at 11104' and 11105.5'; Absent at 11107'; Shows
at 11108.5' and 11110",

REMARKS: Same as 11095.2'-11100.1' with microfractures associated
with brecciation and proximal dolomitization.

T.S. 11104

NAME: Dolomitic echinoderm biomicrudite (mudstone).

MICRITE: (74-86%) matrix.

CALCITE CEMENT: (4%) filling to partially filling microfractures.

FOSSILS: (6%) micritized and pseudospar replaced echinoderm
fragments (70%), thin-shelled brachiopods (20%), unidentified
fossil fragments (10%).

DOLOMITE: (3-15%) disseminated microcrystalline euhedral rhombs.

BITUMENS: (less than 1%) disseminated in matrix.

INSOLUBLES: (less than 1%) disseminated im matrix.

HEMATITE: (1%) slightly oxidized along microfractures.
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REMARKS: Fracture, microfracture, chanﬁel, and moldic porosity.

111104 -11114, 40
NAME: Echinoderm and brachiopod biomicareniie (mudstone-wackestone
with interbedded layers of packstone).
UV OIL TESTS: Show at 11113.3.
REMARKS: Same as 11095.2'-11100,1"'.

T.S. 11108!

NAME: Dolomitie, brachiopod and echinoderm biomicrudite (mudstone).

MICRITE: (68-88%) matrix.

MICROSPAR: (5%) patchy matrix distribution. _

FOSSILS: (3-5%) echinoderm fragments (40%), brachiopod fragments
(30%), unidentified fossil fragment ghosts (30%).

DOLOMITE: (2-20%) disseminated to pervasive, microcrystalline,
euhedral rhombs in matrix; and abundant very-finely-crystalline
euhedral rhombs associated with microstyolites.

ANHYDRITE: (less than 1%) filling vuggy pores.

BITUMENS: (1%) microstyolite associated and disseminated.

INSOLUBLES: (less than 1%) disseminated and microstyolite
associated.

HEMATITE: (1%) microfracture, microstyolite (oxidized), and
disseminated.

REMARKS: Microstyolites cut fractures and microfractures; Common
dissolution along subvertical fractures and enhansement of mold-
vug porosity; Diagenetic color-mottling due to oxidation of
nematite proximal to microstyolites. .

11114, 4211125
NAME: Echinoderm and brachiopod biomicrudite (mudstone-wackestone
with interbedded layers of packstone).
UV OIL TESTS: Shows at 11114.9', 11117.2', 111194 and 11121.6'.,
REMARKS: Same as 11095.,2'-11100.1' with anhydrite nodule at 11118
and common pseudospar overgrowths of bioeclasts in packstone.

T.S. 11112

NAME: Dolomitic echinoderm and brachiopod biomicarenite (mudstone).

MICRITE: (87%) matrix.

MICROSPAR: (3%) patchy distribution.

FOSSILS: (7%) echinoderm fragments (30%), brachiopod fragments
(30%), unidentified fossil fragments (25%), ostracods (10%),
calcispheres (5%).

DOLOMITE: (2%) disseminated, and microstyolite associated,
microcrystalline euhedral rhombs.

INSOLUBLES: (less than 1%) disseminated and microstyolite
assoclated.

HEMATITE: (1%) microfracture, disseminated, and microstyolite
distribution.

REMARKS: Vuggy porosity developed at the intersection of

microfractures.

T.5. 11116"
NAME: Dolomitie, echinoderm and brachiopod, biomicarenite:

(mudstone),
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MICRITE: (50-88%) matrix.

MICROSPAR: (2%) patchy distribution in matrix,

FOSSILS: (3%) thin-shelled brachiopod fragments (40%), echinoderm
fragments (30%), unidentified fossil fragments (20%), ostracods
(10%).

DOLOMITE: (2-40%) disseminated to pervasive, microecrystalline
euhedral rhombs.

INSOLUBLES: (less than 1%) microstyolite associated and
disseminated.

HEMATITE: (2%): microfracture and microstyolite assoceiated, and
disseminated in matrix

REMARKS: Vuggy porosity associated with intersecting microfractures;
Occasional Type I suture seam styolite; Very abundant, subparallel
and subhorizontal, microfractures.

T.S. 11120

NAME: Dolomitie, echinoderm and brachiopod, biomicarenite
(mudstone).

MICRITE: (80%) matrix.

MICROSPAR: (15%) patchy distribution in micrite.,

FOSSILS: (2%) unidentified fossil fragments as pseudospar ghosts
(40%), brachiopod-fragment molds and pseudospar ghosts (30%),
echinoderm fragments (30%).

DOLOMITE: (2%) disseminated, microecrystalline euhedral rhombs.

INSOLUBLES: (less than 1%) microstyolite associated and disseminated
in matrix.

HEMATITE: (1%) microstyolite associated, disseminated, and rimming
pores.

T.S. 11124

NAME: Dolomitic brachiopod biomicarenite (mudstone).

MICRITE: (60%) matrix.

MICROSPAR: (30%) patchy distribution in matrix.

FOSSILS: (4%) thin-shelled brachiopod ghosts (100%).

DOLOMITE: (4%) disseminated, miecrocrystalline euhedral rhombs.

BITUMENS: (less than 1%4) microstyolite associated and disseminated.

INSOLUBLES: (1%) microstyolite associated and disseminated.

HEMATITE: (1%) microfracture, disseminated, and microstyolite
distribution.

REMARKS: Rare vuggy porosity proximal to microstyolites; Diagenetic
color-mottling adjacent to pores, '

11125'-11141.2¢

NAME: Dolomitic brachiopod biomicrudite (mudstone-wackestone).

MINERALS: Caleite (85%) matrix and bioclasts; Dolomite (15%).

COLOR: Mottled, grayish yellow-brown (10YR4/2) and brownish gray
(10YR4/1).

ALLOCHEMS: Fossils (1-10%) ghosts, brachiopod with shells
disarticulated (80%), echinoderm fragments (20%).

ORTHOCHEMS: micrite. (100%); Calecite pseudospar (less than 1%).

POROSITY: Intercrystalline, moldie, fracture,.

STRUCTURES: Very-abundant vertiecal fractures, and irregularly-
oriented microfractures, which control adjacent dolomitization;
Diagenetic color-mottling proximal to fractures; Occasional Type
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IT individual-swarn microstyolite.
UV OIL TESTS: Shows at 11124, 11127, 11129, 11130.5', 11133.5",
11136.1", T137.7', 11139 and 11140.2'.

T.S. 11128

NAME: Dolomitic, echinoderm and brachiopod, biomicarenite
(mudstone) .

MICRITE: (60%) matrix.

MICROSPAR: (30%) patchy and disseminated in matrix.

FOSSILS: (2%) unidentified fossil fragment ghosts (50%), thin-
shelled brachiopods (30%), echinoderm fragments (20%).

DOLOMITE: (5%) disseminated, microcrystalline euhedral rhombs.

BITUMENS: (1%) microstyolite associated and disseminated.

INSOLUBLES: (1%) disseminated in matrix.

HEMATITE: (1%) disseminated and associated with microfractures and
microstyolites.

T.S. 11132

NAME: Dolomitic brachiopod biomicarenite (mudstone).

MICRITE: (53%) matrix.

MICROSPAR: (20%) rimming pores.

FOSSILS: (5%) thin-shelled brachiopods (40%), unidentified fossil
fragments (40%), ostracods (15%), calcispheres (5%).

DOLOMITE: (10%) disseminated and microstyolite associated,
microcrystalline euhedral rhombs.

BITUMENS: (2%) microstyolite, microfracture and dissemlnated
distribution.

INSOLUBLES: (449) microstyolite, microfracture and disseminated
distribution.

HEMATITE: (1%) microstyolite, microfracture and disseminated
distribution.

REMARKS: Type II pervasive, swarm, and nodular microstyolites.

T.S. 11136

NAME: Dolomitic brachiopod biomicarenite (mudstone).

MICRITE: (47%) matrix.

MICROSPAR: (35%) patchy distribution in matrix and adjacent to
pores.

FOSSILS: (2%) unidentified fossil fragments (45%), brachiopod
fragments (30%), ostracods (10%), walled caleispheres (10%),
echinoderm fragments and molds. :

DOLOMITE: (15%) disseminated, microerystalline euhedral rhombs
within matrix and bioclasts.

ANHYDRITE: (less than 1%) disseminated laths and filling fractures.

BITUMENS: (less than 1%).

INSOLUBLES: (1%).

HEMATITE: (less than 1%).

REMARKS: TYPE II microstyolite swarms.

LS. 11140

NAME: Dolomitie brachiopod biomicarenite (mudstone).
MICRITE: (70%) matrix.

MICROSPAR: (5-15%) patchy distribution in matrix.
CALCITE CEMENT: (less than 1%) filling fractures.
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INTRACLASTS: (less than 1%) peloidal biomicarenite composition.

FOSSILS: (5%) very abundant in thin subhorizontal laminations, thin-
shelled brachiopod fragments and molds (90%), echinoderm fragments
and molds (10%) with micritization of rims.

DOLOMITE: (5-15%) disseminated, microcrystalline euhedral rhombs, !

HALITE: (less than 19).

BITUMENS: (2%) microstyolite associated and disseminated. !

INSOLUBLES: (2%) disseminated and associated with microstyolites.

HEMATITE: (1%) disseminated and microfracture associated.
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11141,2'-11150"

NAME: Gastropod, echinoderm, brachiopod biomilcrudite (mudstone-
wackestone).

MINERALS: Calcite (95%) matrix and bioclasts; Dolomite (5%) matrix
replacement.

COLOR: Mottled, grayish yellow-brown (10YR4/2) and brownish gray
(10YRHE/1).

ALLOCHEMS: Fossils (0-15%) articulated and fragmented brachiopods
(40%), echinoderm fragments (30%), gastropods (30%).

ORTHOCHEMS: Micrite (80-95%); Dolomitized micrite (5%).

POROSITY: Moldic, intraparticle, intercrystalline.

STRUCTURES: Diagenetic color-mottling; Very-abundant subhorizontal
microfractures; Occasionally-abundant subvertical fractures;
Dolomitization controlled by fractures, microfractures and moldie
pores; Occasional, subhorizontal laminations of nedium-crystalline
euhedral dolomite rhombs, associated with bloclast ghosts.

UV OIL TESTS: Shows at 11142, 11143.67, 11145,11, 11146,21, 11148,
11149.2', 11150.8" and 11152"',

REMARKS: Base of carbonate section of the Dawson Bay Formation and
the available core.

T.S. 11145

NAME: Dolomitic brachiopod biomicarenite (wackestone).

MICRITE: (62%) matrix.

MICROSPAR: (20%) patchy distribution in matrix.

FOSSILS: (10%) thin-shelled brachiopod fragments and molds (80%),
echinoderm fragments (20%).

DOLOMITE: (5%) microcrystalline, euhedral rhombs associated with |
microstyolites.

INSOLUBLES: (2%) microstyolite, disseminated and microfracture
distribution.

HEMATITE: (1%) disseminated and microstyolite associated.

REMARKS: Strong subhorizontal orientation of bioclasts associated

with pressure-solution response; Open moldie, fracture, and vuggy
pores.

T.S. 11148"
NAME: Dolomitic echinoderm biomierudite (mudstone).
MICRITE: (59%) matrix.
MICROSPAR: (30%) rimming pores, and patchy distribution in micrite.
CALCITE CEMENT: (1%) partially filling to filling pores.
FOSSILS: (5%) ghosts, pseudospar replaced, and calecite cement filled

molds, echinoderm fragments (50%), unidentified fossil fragments
(40%, brachiopods (10%).
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DOLOMITE: (2%) microcrystalline euhedral rhombs associated with
microstyolites.

BITUMENS: (1%) microfracture, fracture, and microstyolite
associlation.

INSOLUBLES: (1%) microfracture, fracture, and microstyolite
association.

HEMATITE: (1%) disseminated.

11150'-11157"!
Interval missing
REMARKS: Contact missing.

p——

11157'-11160"
NAME: Very-finely-crystalline dolomite (mudstone).
MINERALS: Dolomite (100%).
COLOR: Grayish white (N/7).
ORTHOCHEMS: Dolomitized micrite (100%).
POROSITY: Interecrystalline.




WILLIAMS COUNTY
NDGS #999
LOCATION: T154N-R100W-S23, SW NE
WELL NAME: JOSEPH M. DONAHUE #1
COMPANY: TEXACO, INC.
DAWSON BAY FORMATION TOP DEPTH: 12000
DAWSON BAY FORMATION BOTTOM DEPTH: 12108
CORED INTERVAL: 11723'-11740' and 12026'-12038"
KELLY BUSHING ELEVATION: 2253

INTERVAL AND DESCRIPTIONS

11723'~-11740"
Jumbled dolomite core with unmarked box footages.

12026'-12038"
Jumbled dolomite core with unmarked box footages.
REMARKS: The two intervals available for study are jumbled in 3
single core box. The core for both intervals consists of dolomite

rubble,
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.f WILLIAMS COUNTY

NDGS #1231

LOCATION: T155N-R96W-S2, SE NE

WELL NAME: IVERSON-NELSON #1

COMPANY: AMERADA PETROLEUM CORPORATION
DAWSON BAY FORMATION TOP DEPTH: 10714'
TOP OF THE SECOND RED BED MEMBER: 10842
CORED INTERVAL: 1071U4'-10767"'

KELLY BUSHING ELEVATION: 2316

INTERVAL AND DESCRIPTIONS

10712'-10714"

NAME: Interbedded shale and mlcrocrystalline dolomite
(shale/mudstone).

MINERALS: Dolomite (60%); Clay (40%).

COLOR: Laminar, light gray (10YR7/1) dolomite and black (7.5YR2/1)
shale,

ORTHOCHEMS: Dolomitized mierite (60%).

POROSITY: Intercrystalline (low permeability),

STRUCTURES: Laminae consisting of alternating shale and
dolomudstone.

UV OIL TESTS: Show at 10713.7'.

REMARKS: Basal Souris River Formation.

10714'-10716.5"' '.of 2;NAME: Microcrystalline, peloidal, algal,
intraclastic dolomite (wackestone-packstone).

MINERALS: Dolomite (95%) matrix; Anhydrite (40%) locally at
10715'-10715.4"; Bitumens (1-4%) associated with blue-green algae
(?); Clay (1%) associated with algal laminations; Pyrite (less
than 1%) near base of section.

COLOR: Mottled light-gray (10YR7/1) and brownish gray (10YR5/1).

ALLOCHEMS: Fossils (20-40%) blue-green algae (?7) (100%) as
subhorizontal laminations; Intraclasts (5-80%) interlaminated
blue-green algae (?) and dolomite compesition; Peloilds (5-10%)
micritic composition.

ORTHOCHEMS: Dolomitized micrite (5-70%).

POROSITY: Intraparticle, intererystalline, fracture.

STRUCTURES: Very-abundant intraclasts; Soft sediment deformation
(ecrenulated); Abundant subhorizontal laminae of alternating
dolomicrite and blue-green algae (?) with associated black
bitumens; Massive aphanitic anhydrite at 10715'-10715.4";
Occasional Type II microstyolite swarms; Occasional irregularly
oriented cross-cutting fractures.

T.S. 10714
NAME: Dolomitic algal intramicrudite (packstone).
INTRACLASTS: (45%) subrounded to rounded clasts, of algal laminated

dolomite composition, with occasional subhorizontal separations.

FOSSILS: (20%) blue-green algae (?) (100%).
DOLOMITE: (34%) microcrystalline, euhedral rhomb matrix.
ANHYDRITE: (less than 1%) sparry, patchy distribution in matrix.
INSOLUBLES: (1%) disseminated and associated with algal laminations.
HEMATITE: (less than 1%) disseminated.
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10716.5'-10719.3"

NAME: Microcrystalline, argillaceous, peloidal, algal dolomite
(mudstone).

MINERALS: Dolomite (98-100%) matrix; Clay (0-2%) disseminated and
subhorizontal seams; Pyrite (less than 1%) associated with,
subvertical, tubular fenestral fabric; Bitumens (less than 1%)
associated with clay seams and disseminated.

COLOR: Mottled, brownish gray (10YR5/1) to brownish black (10YR3/1).

ALLOCHEMS: Fossils (15%) blue-green algae (?) (100%); Peloids (5%)
micritic composition.

ORTHOCHEMS: Dolomitized mierite (78-80%).

POROSITY: Intercrystalline and fenestral.

STRUCTURES: Diagenetic reduced color-mottling; Common, argillaceous,
peloidal and algal laminations; Common burrow-mottling; Common,
subvertical, tubular fenestral fabric; Common Type II pervasive,
swarm, and seam microstyolites; Rare Type I suture seam styolite
disruption of Type II seam microstyolites at 10717'.

UV OIL TESTS: Show at 10717.8'.

T.S. 10718"
NAME: Dolomitized, bitumenous, argillaceous micrite (mudstone).

DOLOMITE: (96%) subhorizontally laminated, with microcrystalline
euhedral rhombs,

ANHYDRITE (less than 1%) partially filled mierofractures.

QUARTZ: (less than 1%) subrounded silt.

BITUMENS: (1%) disseminated.

INSOLUBLES: (2%) microstyolite associated and disseminated.

HEMATITE: (1%) microstyolite (oxidized) and microfracture
associlated.

10719.3'-10727"!

NAME: Microcrystalline, caleareous, intraclastic, peloidal, ostracod
dolomite (mudstone).

MINERALS: Dolomite (98%) matrix; Clay (1-2%) disseminated and
microstyolite assoclation; Calecite (2%) relict micrite matrix,
within dolomitized micrite matrix; Anhydrite (less than 1%)
occasionally abundant disseminated laths; Pyrite (less than 1%)
associated with anhydrite lath concentrations.

COLOR: Mottled, brownish blaek (10YR3/1) and grayish yellow~brown
(10YR5/2).

ALLOCHEMS: Fossils (1-5%) ostracods (10%), unidentified fossil
fragment ghosts (90%); Peloids (1-5%) mieritie composition;
Intraclasts (0-2%) ostracod and dolomitized micrite composition.

ORTHOCHEMS: Dolomitized mierite (93-97%).

POROSITY: Intererystalline, pin-point vuggy, moldic.

STRUCTURES: Diagenetic color-mottling; Abundant burrow-mottling;
Abundant Type II microstyolite swarms; Rare intraclasts at
10719.8",

UV OIL TESTS: Shows at 10719.4" and 10720.4"'.

10721'~-10722.8"
NAME: Mierocrystalline, calcareous, intraclastic, gastropod and
echinocderm dolomite (mudstone-wackestone).
MINERALS: Dolomite (97%) matrix; Caleite (3%) relict micrite matrix

e e



285

and bioclasts; Anhydrite (less than 1%) fibrous nodules; Pyrite
(less than 1%) microstyolite associated.

COLOR: mottled, brownish gray (10YRY/1) and brownish blaeck
(10YR3/1).

ALLOCHEMS: Fossils (3-5%) echinoderm fragments (80%), gastropods
(20%); Intraclasts (0-10%).

ORTHOCHEMS: Dolomitized micrite (92-94%); Micrite (3%).

POROSITY: Intercrystalline, vuggy.

STRUCTURES: Very abundant Type II nodular microstyolites; Occasional
subvertical and subhorizontal fractures; Occasional, subhorizontal
and subrounded-rounded, intraclast zones.

UV OIL TESTS: Shows at 10721.1', 10721.9' and 10722.6'.

T.S. 10722!

NAME: Dolomitized fossiliferous intramicrudite (wackestone).

MICRITE: (5%) matrix.

INTRACLASTS: (70%) subrounded, mlcrocrystalline, dolomitized micrite
composition.

FOSSILS: (2%) unidentified fossil fragment ghosts and molds (100%).

DOLOMITE: (20%) microcrystalline euhedral rhombs disseminated in
matrix.

ANHYDRITE: (1%) fibrous nodule.

BITUMENS: (1%) microstyolite associated.

INSOLUBLES: (1%) microstyolite associated and disseminated.

HEMATITE: (less than 1%) disseminated and microstyolite associated.

10722.8'~10727"

NAME: Dolomitie, intraclastie, echinoderm and brachiopod
biomicrudite (wackestone),

MINERALS: Calcite (75%) micrite matrix and bioclasts; Dolomite (25%)
matrix replacement; Anhydrite (less than 1%) fibrous, filling
vuggy pores; Pyrite (less than 1%) associated with microstyolites.

COLOR: Brownish gray (10YR4/1).

ALLOCHEMS: Intraclasts (10-20%) rounded, very-finely-crystalline
dolomite composition;

Fossils (2-5%) brachiopods (30-60%), echinoderm fragments (40-50%),
gastropods (0-2%) decreasing down-section.

ORTHOCHEMS: Micrite (60%); Dolomitized micrite (25%).

POROSITY: Intercrystalline, fracture, pin-point vuggy.

STRUCTURES: Oeccasional nodular anhydrite; Very abundant, irregularly
oriented, breccia fractures and microfractures which control final
dolomltization to very-finely-crystalline dolomite ad jacent to
fractures; Very common subhorizontal Type II swarm and nodular
microstyolites.

UV OIL TESTS: Shows at 10724.2', 10725"', 10725.7' and 10726.5"'.

T.S. 10725

NAME: Dolomitiec, peloidal, ostracod and brachiopod biomicrudite
(wackestone).

MICRITE: (50%) matrix.

PSEUDOSPAR: (less than 1%) radial-axial reerystallization of micrite
adjacent to echinoderm fragments.

PELOIDS: (10%) mieritie composition, distributed within articulated
brachiopod shells and localized within matrix.
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FOSSILS: (10%) rare fragments, abundant as recrystallized ghosts and
molds, brachiopods (30%), unidentified fossil fragments (25%),
ostracods (20%), echinoderm fragments (15%), gastropods (10%).

DOLOMITE (25%) disseminated, microerystalline euhedral rhombs in
matrix, and oceasional very~-finely-crystalline euhedral rhombs
associated with microstyolites.

INSOLUBLES: (1%) microstyolite associated.

HEMATITE: (1%) microstyolite associated and disseminated.

REMARKS: Nodular Type II microstyolites.

10727'-10730.6"

NAME: Very dolomitiec, intraclastic, stromatoporoid and echinoderm
biomicrudite (mudstone).

MINERALS: Calecite (60%) matrix and bioclasts; Dolomite (40%)
recrystallized matrix; Anhydrite (less than 1%) occurrence as
nodules and as bladed laths; Halite (less than 1%) partially
filling mierofractures.

COLOR: Brownish gray (10YR6/1) to grayish yellow-brown (10YR6/2),

ALLOCHEMS: Fossils (2-4%) echinoderm fragments (50%), brachiopod
fragments (20%), subspherical stromatoporoids (0-30%), gastropods
(1%).

ORTHOCHEMS: Micrite (58%); Dolomitized miecrite (38%).

POROSITY: Intererystalline, microfracture.

STRUCTURES: Occasional nodular anhydrite; Abundant subhorizontal
Type II microstyolite swarms.

UV OIL TESTS: Shows at 10726.8' and 10728.3'.

T.S. 10730.5"

NAME: Dolomitized: fossiliferous pelmicrite (wackestone).

MICRITE: (20%) matrix.

PELOIDS: (30%) rounded %o subrounded, and of mieritiec composition.

FOSSILS: (10%) pseudospar-recrystallized brachiopod fragments (20%),
ostracods (20%), gastropods (20%), unidentified fossil fragments
(15%), echinoderm fragments (15%), calcispheres (10%).

DOLOMITE: (35%) disseminated to pervasive very-finely-crystalline
euhedral rhombs,

ANHYDRITE: (5%) very micritized laths in bioclasts.

HEMATITE: (less than 1%) disseminated.

10730.6'-10733.7" ,

NAME: Dolomitie eechinoderm biomicrudite (mudstone).

MINERALS: Calecite (60%) matrix and biloclasts; Dolomite (40%) matrix
and biloeclasts; Anhydrite (less than 1%2) laths in matrix; Halite
(less than 1%) filling microfractures.

COLOR: Black (10YR2/1).

ALLOCHEMS: Fossils (1%) echinoderm fragments (90-100%), cylindrical
stromatoporoid ghosts (0-10%).

ORTHOCHEMS: Micrite (60%); Dolomitized micrite (40%).

POROSITY: Intercrystalline, microfracture, intraparticle.

STRUCTURES: Common subhorizontal Type II microstyolite swarms;
Abundant miecro-brecciation at 10732.5",

UV OIL TESTS: Shows at 10730.6', 10733' and 10733.7'.

10733.7'-10734.8"
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NAME: Dolomitie stromatoporoid biomicrudite (packstone).

MINERALS: Calcite (60%) matrix and bioclasts; Dolomite (40%) matrix
and bioclasts.

COLOR: Brownish black (10YR3/2).

ALLOCHEMS: Fossils (40-60%) cylindrical stromatoporoids (54%),
subspherical stromatoporoids (35%), trilobite fragments (10%),
bryozoan fragments (1%).

ORTHOCHEMS: Micrite (25-35%); Dolomitized miorite (15-25%).

POROSITY: Intererystalline, intraparticle, fracture.

STRUCTURES: Occasional subvertical, subparallel, fractures
assoclated with stromatoporoids; Common subhorizontal Type II
microstyolite swarms.

T.S. 10734"

NAME: Dolomitized stromatoporoid biomicrudite (packstone).

FOSSILS: (60%) eylindrical stromatoporoids (90%), brachiopods (10%).

DOLOMITE: (37%) microcrystalline, euhedral rhomb matrix, with very-
finely-crystalline euhedral rhombs, associated with
microstyolites.

ANHYDRITE: (less than 1%) laths disseminated in bioclasts and
filling fractures.

BITUMENS: (1%) microstyolite associated.

INSOLUBLES: (1%) microstyolite associated.

HEMATITE: (1%) mierostyolite and fracture associated.

REMARKS: Pressure-solution allignment of bioclasts.

10734.8'-10745.9"

NAME: Finely—crystalline, stromatoporoid, dolomite (packstone-
boundstone).

MINERALS: Dolomite (97%) matrix and bioclasts; Caleite (2%)
bioclasts; Anhydrite (1%) occurring as laths in matrix and
paralleling laminae in stromatoporoids, microfractures cut
anhydrite laths; Halite (less than 1%) filling fractures.

COLOR: Dull yellowish-brown (10YR5/3) to brownish black (10YR3/1).

ALLOCHEMS: Fossils (60-80%) cylindrical stromatoporoids (60%),
subspherical stromatoporoids (15%), unidentified fossil fragments
(0-10%), articulated, disarticulated, and fragmented brachiopods
(0-10%), articulated and fragmented trilobites (0-15%), echinoderm
fragments (2%), ostracods (less than 1%), gastropods (less than
1%).

ORTHOCHEMS: Dolomitized micrite (20-409%).

POROSITY: Intraparticle, intercrystalline, fracture, pin-point
vuggy, microfracture, vuggy, moldie.

STRUCTURES: Occasional to very-abundant subhorizontal Type II swarms
and pervasive microstyolites; Occasional, irregularly to
subhorizontally oriented, fractures and micerofractures; Rare
subhorizeontal fractures and microfractures in stromatoporoids near
base of section.

UV OIL TESTS: Shows at 10734.9', 10735.6"', 10736.7', and 10737.9';
Absent at 10738.5"' (mudstone); Shows at 10740.4", 10741.6', 10743",
10745" and 10745.7'.

REMARKS: Medium—crystalline, euhedral rhomb dolomite is common
throughout this section associated with larger porosity types.
Rare to occasional microcrystalline dolomite i1s darker in color,
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assoclated with a decrease in the percentage of bioeclasts, and
shows an absence of hydrocarbons in the ultra-violet
light/chlorothene tests.

10742

NAME: Dolomitized, stromatoporoid and brachiopod, biomicrudite

(wackestone).

MICRITE: (less than 1%) matrix.
FOSSILS: (20%) nighly micritized, thick-shelled brachlopods (70%),

cylindrical stromatoporoids (30%).

DOLOMITE: (73%) microerystalline to finely-crystalline euhedral

rhombs replacing matrix and bioclasts.

ANHYDRITE: (1%) filling moldie pores and replacing adjacent

dolomicrite,
HALITE: (3%) cubic molds proximal to moldic pores.
INSOLUBLES: (2%) microstyolite assoclated.
HEMATITE: (1%) reduced, associated with microstyolites.

T.S. 10745"

NAME: Dolomitized stromatoporoid biomicrudite (packstone).

MICRITE: (14) matrix.

FOSSILS: (50%) very micritized, eylindrical stromatoporoids (79%),
brachiopod fragments (10%), echinoderm fragments (1%).

DOLOMITE: (45%) very-fine to finely-crystalline euhedral rhomb
replacement of matrix.

HALITE: (1%).

BITUMENS: (less than 1%) microstyolite association. :

INSOLUBLES: (2%) disseminated and microstyolite association.

HEMATITE: (1%) disseminated and microstyolite assocciation.

10745.9'-10748"

NAME: Finely-crystalline, stromatoporoid, dolomite (mudstone).

MINERALS: Dolomite (97%) matrix and bloclasts; Halite (2%) filling
moldic pores; Caleite (1%) bioclasts.

COLOR: Brownish black (10YRU4/1).

ALLOCHEMS: Fossils (1-5%) cylindrical stromatoporoids (60-90%),

subspherical stromatoporoids (0-30%), echinodern fragments (2-10%)

ORTHOCHEMS: Dolomitized micrite (93-97%),

POROSITY: Intercrystalline, intraparticle, wvuggy, channel.

STRUCTURES: Abundant brececia with common healing of fractures by
euhedral, medium-crystalline, dolomite rhombs; Abundant Type II
diffuse microstyolites.

UV OIL TESTS: Show at 10747.6'.

10748'-10751"

NAME: Finely-crystalline, echinoderm, dolomite (mudstone).
MINERALS: Dolomite' (98%) matrix and bloclasts; Halite (2%) filling

moldie pores.

COLOR: Mottled, grayish vellow-brown (10YR4/2) associated with
finely-crystalline matrix and grayish yellow-brown (10YR5/2)
associated with euhedral, coarsely-crystalline, dolomite rhombs
which heal fractures.

ALLOCHEMS: Fossils (2-5%) echinoderm fragments (100%).

ORTHOCHEMS: Dolomitized micrite (93-96%).

i
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POROSITY: Intercrystalline, moldie, wvuggy.

STRUCTURES: Abundant breceia increasing up-section; Abundant moldie
pores increasing up-section; Abundant subhorizontal Type II
microstyolite swarms associated with moldie porosity; Color-
nmottling related to intercrystalline size differences.

UV OIL TESTS: Show at 10750'.

T.S. 10750"

NAME: Dolomitized micrite (mudstone).

DOLOMITE: (97%) very-fine to finely-crystalline euhedral rhombs
replacing matrix. :

HALITE: (2%) microcrystalline to very-finely-crystalline cubie molds
and filling pores.

INSOLUBLES: (1%) patchy distribution.

HEMATITE: (less than 1%) disseminated.

10751'-10760.5"

NAME: Finely-crystalline echinoderm dolomite (mudstone).

MINERALS: Dolomite (96%) matrix; Caleite (1-2%) bioclasts; Halite
(2%) filling vuggy pores; Anhydrite (less than 1%) nodular,
filling moldic 'peres.

COLOR: Mottled, dull yellowish-brown (10YRY4/3) associated with very-
finely-crystalline matrix and brownish gray (10YR5/1) associated
with medium-crystalline dolomite euhedral rhombs which heal
fractures.

ALLOCHEMS: Fossils (1-2%) echinoderm fragments (98%), brachiopod
fragments (2%).

ORTHOCHEMS: Dolomitized micrite (96%)

POROSITY: Intererystalline, pin-point vuggy, vuggy.

STRUCTURES: Very-abundant subvertical microfractures which are
partially to completely healed by medium-crystalline, euhedral,
dolomite rhombs; Occasionally-abundant to pervasive Type IT
individual and swarm microstyolites which show medium-crystalline
dolomite disruption along healed microfractures; Oeccasional
dolomite matrix "floating" in halite filled 2-3 eom vug.

UV OIL TESTS: Shows at 10752", 10754', 10756' and 10758.5'.

T.S. 10754
NAME: Dolomitized micrite (mudstone),
DOLOMITE: (97%) microerystalline, euhedral rhomb matrix and finely-
crystalline euhedral rhombs proximal to vuggy pores.
HALITE: (3%) cubie molds rimming vuggy pores.
INSOLUBLES: (less than 1%) disseminated.
HEMATITE: (less than 1%) disseminated and microstyolite associated.

T.S. 10758"
NAME: Dolomitized echinoderm biomicrudite (mudstone).
FOSSILS: (1%) unidentified fossi] molds (70%), echinoderm fragments
(30%).
DOLOMITE: (99%) mleroerystalline, euhedral rhomb matrix and finely-
crystalline euhedral rhombs proximal to moldic-vuggy pores.
HEMATITE: (less than 1%) disseminated.

10760.5'-10762.8"

ity .
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NAME: Finely-cerystalline, echinoderm, dolomite {(mudstone).

MINERALS: Dolomite (95-96%) matrix; Halite (3%) filling and
replacing vuggy pores; Calcite (2-3%) bioclasts.

COLOR: Grayish yellow-brown (10YRU/2).

ALLOCHEMS: Fossils (2~3%) echinoderm fragments (100%).

ORTHOCHEMS: Dolomitized micrite (97-98%).

POROSITY: Intercrystalline, wvuggy, pin-point vuggy, microfracture,
fracture,

STRUCTURES: Very-abundant subvertical fractures and mierofractures
with medium-erystalline dolomite healing, and occasional solution
enlargement; Common subhorizontal Type II microstyolite swarms
with associated medium-crystalline dolomite.

UV OIL TESTS: Show at 10761.5'.

T.S. 10762
NAME: Dolomitized micrite (mudstone).
DOLOMITE: (100%) microcrystalline, euhedral rhomb matrix and, rare,
finely-crystalline euhedral rhombs rimming pores.
HEMATITE: (less than 1%) oxldized, associated with fractures.

10762.8'-10765"
NAME: Medium crystalline, brachiopod, dolomite (wackestone).
MINERALS: Dolomite (82%) matrix; Caleite (15%) bioclasts; Halite
(3%) filling pores.
COLOR: Grayish yellow-brown (10YR4/2).

ALLOCHEMS: Fossils (15%) articulated and moldie brachiopods (70%),
echinoderm fragments (30%).

ORTHOCHEMS: Dolomitized mierite (82%).

POROSITY: Pin-point vuggy, intererystalline, moldie, fracture,
vuggy. All larger pores filled by halite.

STRUCTURES: Common, subhorizontal and occasional subvertical,
fractures with common solution enlargement and common healing by
euhedral, coarsely-crystalline, dolomite rhombs; Occasional

subhorizontal Type II individual-swarm microstyolites.
UV OIL TESTS: Show at 10764.2',

10765'-10767"

NAME: Finely-crystalline, echinoderm, dolomite (mudstone-
wackestone).

MINERALS: Dolomite (91%) matrix; Halite (4%) filling moldic~-vuggy
pores and replacing matrix; Caleite (5%) bioclasts.

COLOR: Brownish black (10YR3/2).

ALLOCHEMS: Fossils (5-10%) echinoderm fragments and molds (100%).

ORTHOCHEMS: Dolomitized micrite (91%).

POROSITY: Vugular, pin-point vuggy, intererystalline, fracture.

STRUCTURES: Common subhorizoental and subvertical fractures with
common healing by coarsely-crystalline euhedral dolomite rhombs,
and common solution enlargement; Occasional subhorizontal Type II
individual-swarm mierostyolites; Rare subhorizontal, 3 mm thick

zone, of 2 mm size packstone with moldie porosity.
UV OIL TESTS: Show at 10767'.

REMARKS: Base of available core.,

T.S. 10766
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NAME: Dolomitized, echinoderm and brachiépod, biomicrite (mudstone).

FOSSILS: (2%) brachiopod molds (50%), echinoderm fragments (very
micritized) and molds (50%).

DOLOMITE: ($8%) microerystalline, euhedral rhomb matrix.
ANHYDRITE: (less than 1%) replacement within echinoderm fragments.

—
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WILLIAMS COUNTY
NDGS #1403
LOCATION: T155N-R96W-S15, SW NE
WELL NAME: BOE-OLSON #1
COMPANY : AMERADA PETROLEUM CORPORATION
DAWSON BAY FORMATION TOP DEPTH: 10653
TOP OF THE SECOND RED BED MEMBER: 10778
CORED INTERVAL: 10653'-10664"
KELLY BUSHING ELEVATION: 2165

INTERVAL AND DESCRIPTIONS

10651.5'-10652.6"

NAME: Microcrystalline dolomite (mudstone).

MINERALS: Dolomite (100%) matrix; Pyrite (less than 1%) Associated
with tubular fenestral fabrie and calecite (less than 1%)
bioclasts; Anhydrite (less than 1%) filling vugs.

COLOR: Grayish yellow-brown (10YR5/2).

ALLOCHEMS: Fossils (less than 1%) unidentified, fossil fragment,
ghosts (100%).

ORTHOCHEMS: Dolomitized micrite (100%).

POROSITY: Intercrystalline.

STRUCTURES: Abundant, vertically oriented, tubular fenestral texture
with associlated pyrite.

UV OIL TESTS: Absent at 10652'; Show at 10652.8'.

REMARKS: Basal Souris River Formation.

10652.6'-10653.2"

NAME: Microerystalline, intraclastic, ostracod dolomite (mudstone).

MINERALS: Dolomite (97-98%) matrix; Caleite (1-2%) bioclasts;
Anhydrite (1%) laths associated with fractures; Pyrite (less than
1%4) disseminated.

COLOR: Mottled, brownish gray (10YR4/1) to dull yellowish-brown
(10YR4/3).

ALLOCHEMS: Fossils (2%) ostracods (100%); Intraclasts (3%)
subrounded to subangular near base of section.

ORTHOCHEMS: Dolomitized miecrite (94-95%).

POROSITY: Intererystalline, fracture.

STRUCTURES: Abundant, subrounded to subangular, intraclasts at base
of section; Abundant, subhorizontal, Type II microstyolite swarms;
Common diagenetic color-mottling associated with reduction of
pyrite; Occasicnal diagonal fractures.

UV OIL TESTS: Show at 10653.6"

T.S. 10653"

NAME: Dolomitized ostracod biomierite (mudstone).

PELOIDS: (1%) dolomitized micrite composition.

FOSSILS: (5%) ostracods (90%) with hematite rimming the common
molds, unidentified fossil-fragment ghosts (10%) with pseudospar
recrystaliization.

DOLOMITE: (92%) mierocrystalline, euhedral rhomb matrix.

ANHYDRITE: (1%) bladed, f1lling moldic pores and replacing dolomite
proximal to moldie pores.

BITUMENS: (less than 1%) disseminated in matrix.
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INSOLUBLES: (1%) disseminated in matrisx,
HEMATITE: (less than 1%) disseminated in matrix.

10653.2'-10653.6!

NAME: Dolomitic gastropod biomierite (mudstone).

MINERALS: Calecite (60%) mierite matrix; Dolomitized mierite (39%);
Anhydrite (1%) as disseminated laths.

COLOR: Brownish gray (10YRY4/1).

ALLOCHEMS: Fossils (2-5%) gastropods (100%) increasing up-section.

ORTHOCHEMS: Micrite (60%); Dolomitized micrite (40%).

POROSITY: Intererystalline.

STRUCTURES: Abundant Type III non-seam pressure solution phenomena
of the uniform-stress and responsiveness variety, ranging to the
fitted-lens response variety.

10653.6'-10655.5"

NAME: Dolomitie gastropod biomicrudite (wackestone).

MINERALS: Calecite (60%) matrix and bioclasts; Dolomite (39%) matrix;
Anhydrite (1%) laths disseminated in matrix and bioelasts.

COLOR: Brownish gray (10YR4/1).

ALLOCHEMS: Fossils (10%) gastropods (85%), ostracods (10%),
echinoderm fragments (5%).

ORTHOCHEMS: Micrite (60%); Dolomitized micrite (39%).

POROSITY: Intererystalline.

STRUCTURES: Very abundant, subhorizontal, Type II swarm and nodular
microstyolites.

UV OIL TESTS: Show at 10654.6¢1,

10655.5'-10656"

NAME: Dolomitie biomiecrudite (mudstone).

MINERALS: Caleite (60%) matrix and biloclasts; Dolomite (40%) matrix;
Pyrite (less than 1%) associated with subvertical fractures.

COLOR: Brownish gray (10YRU/1).

ALLOCHEMS: Fossils (1%) unildentified ghosts (100%).

ORTHOCHEMS: Micrite (60%); Dolomitized micrite (39%).

POROSITY: Intererystalline, fracture.

STRUCTURES: Abundant Type III non-seam pressure-solution response
features of the uniform stress and responsiveness variety;
Occasional to rare, subhorizontal, fractures; Rare, partially

dolomite healed, fracture with pyrite association.
UV OIL TESTS: Show at 10655.7".

10656'-10661.5"

NAME: Dolomitic gastropod biomicrudite (wackestone),

MINERALS: Calcite (60%) matrix and bioclasts; Dolomite (40%) matrix
and bioclasts; Anhydrite (less than 1%) laths in micrite and
bioclasts with rare millimeter size nodule.

COLOR: Brownish gray (10YRUY/1).

ALLOCHEMS: Fossils (10-15%) gastropod ghosts (85%), brachiopod
fragments (5%), echinoderm fragments (5%), ostracods (5%).

ORTHOCHEMS: Micrite (50%); Dolomitized micrite (30%).

POROSITY: Intercrystalline, fracture.

STRUCTURES: Very-abundant Type II microstyolite swarm and nodular;
Occasional subhorizontal Tracture; Rare, subhorizontal, Type IT
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pressure-solution seam.
UV OIL TESTS: Show at 10656.5°', 10657.5', 10659.1' and 10661.1"'.

T.S. 10657

NAME: Dolomitic-dolomitized, peloidal, biomicrudite (wackestone-
packstone).

MICRITE: (5-15%) relict matrix, commonly occurring as
"pseudointraclasts" due to pressure-solution dolomitization.

MICROSPAR: (5%) commonly rimming patches of reliet micrite.