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ABSTRACT
This report presents a stratigraphic framework for the Birdbear Formation of North Dakota. Sixteen cores and associated 
well logs from across the state were studied in detail and compared with previous work performed in north-central North 
Dakota and Manitoba. Facies associations identified herein are consistent with previous works and include: 1) sabkha; 2) 
restricted marine; 3) bank; and 4) open marine environments. This study shows that the gamma-ray log signature for the 
Birdbear is very similar from well to well and is easily correlatable across the state. However, facies associations do not 
correlate with such ease and facies changes occur laterally.

The Birdbear may be categorized as a third-order depositional sequence consisting of several shallowing upwards car-
bonate and carbonate evaporite cycles. These cycles are ideal for petroleum hydrocarbon generation and entrapment, as 
organic-rich source rock, dolomitized reservoir rock, and evaporite seal are present in both the A- and B-zones. Sequence 
stratigraphy further enhances our understanding of these relationships and will help in identifying future plays in the Bird-
bear-Duperow Petroleum System of North Dakota. This study also indicates that Antler orogenesis may have begun in late 
Birdbear time, thus changing the depositional setting into the Late Devonian as the overlying Three Forks Formation was 
deposited.

INTRODUCTION
The Birdbear Formation (Birdbear) of North Dakota is a unit that may contain significant hydrocarbon reserves based on 
previous investigations (Martiniuk et al., 1995; Burke and Sperr, 2006; LeFever, 2009), having produced over 21.5 billion 
barrels of oil to date. This report presents a general review of Birdbear stratigraphy and provides preliminary sequence 
stratigraphic models. It includes: 1) lithologic descriptions of core (Appendix A); 2) identification of facies associations and 
correlation of such; and 3) depositional setting interpretation, based on core and wireline log analysis.

GEOLOGIC SETTING AND PREVIOUS WORK
During the Middle to Late Devonian (Givetian), the Williston Basin in North Dakota was the southern extension of the Elk 
Point Basin (Figs. 1A and1B; Martiniuk et al., 1995) where the Birdbear was deposited in a shallow epeiric sea that extend-
ed from Alberta to South Dakota (Burke and Sperr, 2006). The formation represents a third-order depositional sequence 
within the overall second-order Devonian transgressive-regressive package (Burke and Sperr, 2006) and consists of 4–5 
overall shallowing upwards cycles (Bader, 2019; Appendix A). The Birdbear is underlain by carbonate-evaporite deposits of 
the Duperow Formation and overlain by argillaceous carbonate-evaporite units of the Three Forks Formation (Fig. 2). The 
maximum transgression of the seaway into South Dakota occurred during deposition of the underlying Duperow (Wilson 
and Pilatzke, 1987); therefore, Birdbear sediments were deposited during the subsequent regression, as the seaway re-
treated to the northwest. 

Birdbear stratigraphy has been previously defined in two ways. Sandberg and Hammond (1958) formally defined the 
unit based on core from the Mobil Oil Producing Company No. 1 Bird Bear well located in Dunn County, North Dakota. 

Figure 1.  (A)–Paleogeographic map of the Elk Point Basin at 385 million years ago with index map of North Dakota showing study area and well lo-
cations with NDIC # and cores utilized for the study. Modified from Blakey, 2013. (B)–Geologic setting for the Birdbear Formation at 385 million years 
ago. Modified from Martiniuk et al., (1995).
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Martiniuk et al. (1995) divided the Birdbear into two distinct lithologic packages for 
north-central North Dakota, informally defined as upper (carbonate-evaporite) and 
lower (carbonate) units (Fig. 2). The Birdbear has also been sub-divided into A- and 
B-zones in western and north-central North Dakota based on gamma-ray log signature 
and sequence stratigraphy (Fig. 2; Burke and Sperr, 2006; LeFever, 2009; Bader, 2018, 
2019; this report) as described below. However, these zones do not correspond to the 
upper and lower member designations of Martiniuk et al. (1995). Therefore, the A- 
and B-zone designations, and particularly the following facies associations, although 
partially based on lithology, are not pertinent to stratigraphic nomenclature for the 
Birdbear and should not be misconstrued as such.

METHODS
Sixteen representative Birdbear cores from across North Dakota were examined and 
described at the Wilson M. Laird Core and Sample Library in Grand Forks, ND (Appen-
dix A). Corresponding wireline logs were also evaluated with respect to the core to 
prepare a stratigraphic framework for the Birdbear. Four (4) main facies associations 
(FA) were identified, correlated, and compared to pertinent previous studies (Fig. 3; 
Table 1; Plate 1; Martiniuk et al., 1995). Isopach maps were also constructed for the 
A- and B-zones (Figs. 4 and 5).

RESULTS/INTERPRETATIONS
Facies Associations (FA)
The four main lithofacies associations identified in cores from this study 
include: 1) sabkha; 2) restricted marine; 3) bank, and 4) open marine. 
Each is further subdivided based on lithology and tidal zone, and each is 
described below and summarized on Table 1. These facies were found 
to be consistent with those identified by Martiniuk et al. (1995) for 
north-central North Dakota and southern Manitoba, Canada.

Sabkha/Mud Flats (FA-1A, FA-1B)
The sabkha facies consist dominantly of nodular anhydrite (FA-1A). The 
nodular anhydrite (Fig. 3A) is interpreted to be deposited subaerially 
in the upper supratidal environment; however, these may occur both 
proximally, as nearshore evaporites (A and B-zones), or distally, as ba-
sin-centered deposits (B-zone ?). Proximal areas also include interpret-
ed mud flat deposits consisting of calcrete and/or caliche (FA-1B) for the 
entire Birdbear interval but were only observed in one core from well 
#207 (Fig. 3B).

Restricted Marine/Lagoonal (FA-2A, FA- 2B, FA-2C)
The restricted marine/lagoonal facies (FA-2A) consist of mudstone to 
wackestone, corresponding to the C facies of Martiniuk et al. (1995) 
(Table 1). They are commonly dark gray, wavy to ripple cross-laminated, 
and occasionally burrow mottled. They are locally fossiliferous, dolo-
mitic (FA-2B), and anhydritic (FA-2C). Thin, interbedded dolostone (Fig. 
3C), mudstone/shale (Fig. 3D), and bedded anhydrite are also common 
in these facies within the A-zone. 
 
Bank (FA-3A, FA-3B)
The bank facies (FA-3A) represent the main biohermal carbonate across 
the study area and corresponds to the E1 facies of Martiniuk et al. 
(1995) (Table 1). It generally consists of wackestone to grainstone, but 
locally mudstone, bafflestone, and boundstone have been noted (Mar-

Figure 2.  Type log Birdbear Formation. 
KB–Kelly bushing elevation in feet.

Figure 3.  (A)–Nodular anhydrite (FA-1A) from well #21139, 
(B)–Calcrete (FA-2A) with vuggy porosity from well #207, 
(C)–Dolostone (FA-2B) from well #13698, (D)–Interbedded 
mudstone/shale and dolostone from well #21139, (E)–Bank 
facies (FA-3A) with stromatoporoids (S) and thamnopora (T) 
from well #5921, (F)–Backbank facies with amphipora (A) 
and stromatoporoids (S) from well #2967, (G)–Forebank fa-
cies with coral (C) and stromatoporoids (S) from well #5921, 
(H)–Open marine facies (FA-4A) with gastropods (G) from 
well #21139.
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tiniuk et al., 1995). Stromatoporoids (laminar and bulbous) are the dominant fossil along with significant amphipora with 
some coral and occasional brachiopods (Fig. 3E). These rocks are commonly dolomitized (FA-3B) and may be oil stained 
(dark yellowish brown). They have good intergranular, intracrystalline, and vuggy porosity and are locally anhydritic as 
nodules, within healed fractures, and filled cavities. The bank facies range in thickness from 6 to 26 feet, averaging 10 feet.

Forebank (FA-3C) and Backbank (FA-3D)
The forebank (FA-3C) and backbank (FA-3D) facies are very similar as they are formed lateral to, and on either side, of the 
bioherm. They correspond to the E2 and D facies of Martiniuk et al. (1995) (Table 1) and consist of mudstone to packstone, 
locally dolomitized. They are fossiliferous, but not as robust as the bank facies containing stromatoporoids and amphipora 
with some brachiopods and coral. Amphipora dominates the backbank facies (Fig. 3F) while coral and brachiopods are 
more significant in the forebank (Fig. 3G). These facies exhibit fine interparticle and vuggy porosity, interstitial nodules and 
stringers of anhydrite, and are locally stylolytic and oil stained. The forebank facies attain thicknesses of up to 7 feet while 
the backbank facies may be significantly thicker at up to 21 feet.

Open Marine (4A, 4B, 4C, and 4D)
The open marine facies (FA-4A) consists generally of mudstone and minor wackestone, like the restricted marine facies and 
corresponding to the A facies of Martiniuk et al. (1995) (Table 1). These facies are commonly burrow mottled with no trace 
of bedding or sedimentary structures. Fossils include brachiopods, gastropods, and coral (Fig. 3H). These rocks are peloidal 
and stylolitic with trace vuggy porosity, some filled with anhydrite. These facies range in thickness from 21 to 46 feet.

FA-4B (basin-centered evaporites), deposited during sea-level fall, are somewhat hypothetical as discussed in the next 
section.  They may occur in the basin center but have not been positively identified in this study. This is likely due to lack 
of core that penetrates the entire Birdbear in the basin center and because these facies would lie directly on top of sim-
ilar shallow facies of the previous sequence (i.e., nearshore bedded anhydrites (FA-2C) that cap those sequences). Iden-
tification of a subaerial unconformity between each sequence would allow for a more definitive interpretation as more 
basin-centered wells are drilled and cored. FA-4C represents shallow sub-tidal open marine facies deposited during early 
progradational sea-level rise and are also discussed below. These facies consist of interbedded, light and dark mudstones 
and were only observed in well #24456 from 11,455.0 to 11,458.3 ft.

FA-4D was observed in only one core #13698 and represents toe of slope deposits probably from storms (tempestites). The 
facies consist of bioclastic debris (stromatoporoids, coral, amphipora, and shell hash).

DISSCUSSION
Stratigraphy
Based on review of core, logs, and identification of facies associations, a stratigraphic framework may be established 
including confirmation of lithostratigraphy identified by others (A-zone and B-zone) and development of preliminary se-
quence stratigraphic models.

A-Zone
The A-zone is generally composed of three, thin, shallowing upwards, carbonate and evaporite packages (Burke and Sperr, 
2006; Bader, 2019). Each includes interbedded thin shale and massive dolostones, overlain by bedded to nodular anhydrite 

Number MYL Facies Association Rock Type Dunham Description Tidal Zone SS

1A <> Sabkha Anhydrite <> Nodular (chicken wire) Upper supratidal FSST/LST

1B <> Mud Flats Limestone <> Red to white, vuggy, birdseye structure Lower supratidal/upper intertidal FSST/LST

2A C Restricted Marine (Lagoonal) Limestone Mudstone to Wackestone Dark gray, laminated to massive, ripple cross-laminated, carbonaceous, anhyditic, hairline fractures Upper subtidal TST/HST

2B F Restricted Marine Dolostone <> Interbedded, wavy laminated, anhydritic, ripple cross laminated, locally fossiliferous Lower supratidal-upper intertidal <>

2C <> Restricted Marine Anhydrite <> Bedded/Interbedded, wavy laminated to ripple cross laminated Lower supratidal HST

3A E1 Bank Limestone Wackstone to Grainstone Fossiliferous (stromatoporoids, amphipora) Lower intertidal–Upper subtidal TST/HST

3B F Bank Dolostone <> Fossiliferous (stromatoporoid, amphipora, relict), vuggy, anhydritic, ripple cross-laminated, wavy bedding Upper intertidal <>

3C, 3D E2, D Backbank/Forebank Limestone Mudstone to Packstone Fossiliferous-amphipora (backbank; abundant/forebank; some), brachiopods, coral, minor stromotoporoids (forebank); bioclastic (forebank) Upper subtidal TST/HST

4A A Open Marine Limestone Mudstone to Wackestone Burrow mottled, pelloidal, fossiliferous (coral, gastropods, brachiopods) Upper–lower subtidal(?)/platform (MYL) TST/HST

4B <> Basin Center Anhydrite <> Bedded Evaportive basin FSST/LST

4C <> Open Marine Limestone Mudstone Thin interbedded light and dark layers Upper subtidal–lower intertidal LST

4D SD Open Marine (slope; no bank) Limestone Wackestone to Packstone Bioclastic (fragmental), fossiliferous (stromatoporoids, coral, amphipora) Slope w/ no developed bank (tempestites) <>

Table 1. Lithofacies associations for the Birdbear Formation. MYL–Martiniuk et al. (1995), <> – not applicable, SS–sequence stratigraphy, FSST–falling stage systems tract, HST–highstand systems tract, LST–lowstand systems tract, TST–transgressive systems tract.

Table 1.  Facies Associations
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Figure 4.  A-zone isopach.

Figure 5.  B-zone isopach.
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deposited in restricted intertidal and supratidal settings (Martiniuk et al., 1995). The A-zone attains a thickness of up to 23 
feet in northwestern North Dakota and thins to the southwest where it eventually pinches out (Fig. 4).

B-Zone
The B-zone consists of a lower, relatively thin package of regressive, outer platform deposits (Martiniuk et al., 1995). Above 
this basal unit, transgressive burrow mottled to nodular, fossiliferous mudstone (open marine facies) grade upwards into 
more fossiliferous limestone bank facies that can be subdivided into forebank (outer), bank, and backbank (inner) facies. 
The upper B-zone is capped with anhydrite interbedded with thin dolostones of the shallow lagoon/sabkha facies. The 
B-zone ranges in thickness from 0 to 100 feet (Fig. 5).

Facies Architecture
Cross-sections A-A’ and B-B’ were constructed utilizing well logs from the cores evaluated during this study (Plate I). The 
aforementioned facies were correlated across northwestern North Dakota, providing a representative stratigraphic frame-
work for the Birdbear of North Dakota. Section A-A’ was constructed to include the bank facies in order to better under-
stand lateral variations in lithology and thickness of this easily identifiable reservoir horizon. The bank facies, including 
inner and outer bank, attain greatest thickness in the western portion of North Dakota (# 15412) at 31 feet, but maintain 
a thickness of greater than 15 feet across depositional strike from western to north-central North Dakota. Continuity of 
the bank facies between wells #25688 and #9045 is unknown due to lack of well control, but the lack of core bank facies 
in well #25688 and Birdbear isopach maps (Figs. 4 and 5) suggest that banks did not form in this area, possibly due to 
greater water depth across the basin axis and/or lack of structural highs that may have enhanced bank development (Fig. 
6; Bader, 2019). From the base of the section, platform deposits of the lowstand normal regression are present character-
ized by a shallowing upward response on the gamma-ray log. These deposits are overlain by the transgressive/regressive 
open marine units which are dominantly regressive in north-central North Dakota (well #9045 and #11434). These are in 
turn overlain by the regressive bank, lagoonal, and sabkha facies of the upper B-zone. Three, fourth-order progradational 
sequences of the A-zone are present at the top of the Birdbear, except in well #26582, where the A-zone begins to pinch 
out over the Cedar Creek anticline.

Figure 6.  B-zone paleogeographic map.
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Section B-B’ was constructed from proximal to distal along depositional dip. Platform and open marine deposits are thick-
est to the north and thin southwards until interfingering with lagoonal facies. Bank facies are not present to the north in 
the B-zone, indicating that water depths were likely too great for bank development (Fig. 6). Bank facies are also thickest 
to the north and thin to the south where they also grade into lagoonal facies. Lagoonal and sabkha facies complete the 
shallowing upward cycle in the B-zone. These facies grade into caliche/calcrete to the southeast.

Preliminary Sequence Stratigraphic Models
Sequence stratigraphic principles presented by Catuneanu (2006) were utilized for this study.  Reference to sea-level rise 
and fall are considered relative sea-level fluctuations, not absolute. The application of sequence stratigraphy to carbon-
ate depositional systems has been a topic of debate since the 1980s (Sarg, 1988; Schlager, 2005; Catuneanu, 2006). Like 
clastic depositional systems, the principles of sequence stratigraphy can be applied similarly to carbonate systems even 
though there are fundamental differences for each. Shifting shorelines, base-level fluctuations as related to systems tracts, 
surfaces, and sequences may all be applied in the carbonate setting in the same manner as the clastic environment. The 
differences between the two, clastic versus carbonate, lie in the interplay between sedimentation rate, growth rate (GR) 
for carbonate organisms, and accommodation space (A) which control the type of shoreline trajectory that ultimately de-
velops. In turn, these shoreline shifts control sediment budget across the basin and the geometry of systems tracts.

Sediment supply in the carbonate environment is very important because sediment is almost entirely intra-basinal, formed 
in the shallow water “carbonate factory”, mostly on the top of the platform (Fig. 7; Catuneanu, 2006). Because of this, 
sediment supply (as related to base-level change) is key to understanding carbonate sequence stratigraphy. Changes in 
base-level in carbonate environments have a reciprocal effect as compared to clastic basins. For instance, deeper water 
carbonate accumulations occur during highstand when the carbonate factory is at its optimum production, as compared 
to clastic basins where deep water accumulations occur during lowstand. Again, this reciprocal effect will lead to differing 
geometries for systems tract packages and is directly related to the intra-basinal source of sediment versus an extra-ba-
sinal source (clastics). Response of the carbonate platform to base-level fluctuations is also dependent on the geometry of 
the basin and relationship of the platform to the basin margins. This is particularly so for a shallow epeiric platform where 
minimal fluctuations in sea-level can have broad and regional implications. Unlike the clastic environment, where sediment 
may accumulate to sea-level at any water depth, presuming there is a sediment source, carbonate sediment generation is 
proportional to the productivity of the shallow carbonate factory at the top of the platform. Therefore, because base-level 
changes in the carbonate environment are directly related to production, such production is very sensitive to sea-level 
fluctuations in an epeiric seaway. Lowering of base-level leads to subaerial exposure of the platform top and a shutdown 
of the carbonate factory; whereas base-level rise creates accommodation space allowing for development of the platform, 
but only at a rate that is sufficient for the top of the platform to stay in the photic zone. Base-level rise at rates that are too 
high for carbonate growth to keep up will drown the platform below the photic zone, again shutting down the carbonate 
factory.

Figure 7.  Epeiric platform schematic. Modified from Wilmsen et al. (2018).



7

Figure 8.  Preliminary sequence stratigraphic model for an epeiric platform.  Modified from Catuneanu (2006).
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Sequence Stratigraphy and Facies Associations
Figure 8 is a preliminary sequence stratigraphic model for the lifecycle of the Birdbear carbonate shelf with correspond-
ing sea-level curve and associated sequence stratigraphic surfaces and systems tracts for one full sequence (Figure 9). At 
Time 1, the previous “highstand” deposits, or an underlying sequence/formation (e.g., Duperow Formation), are shown. 
Deposits of the highstand (HST) normal regression are favorable for carbonate production due to flooding of the platform 
during transgression and creation of accommodation during slowing base-level rise (GR > A). These include “deeper” water 
as well as platform deposits. As base-level rise rate continues to decline, carbonate production increases to the point of 
exceeding accommodation space (i.e., reaches base-level) and some material may be transferred (highstand shedding) to 
the slope and/or shallow basin floor during storm surges. As base-level rise continues to slow, carbonate production may 
reach sea level, also leading to shut down of the carbonate factory (empty bucket stage) and eventual sea-level fall (-A) 
during the falling stage (FSST) forced regression (FR). Biohermal banks develop during the highstand normal regression and 
may include both inner and outer bank facies, formed laterally to the core bank environment.

Time 2 represents the falling stage (FSST) and lowstand (LST) combined, thus defining both the lower sequence boundary 
(SB) and the maximum regressive surface (MRS), as they may be considered here as one in the same (Figs. 8 and 9). After 
the previous highstand, water depths are extremely shallow because most accommodation has been consumed during the 
highstand normal regression (NR). Even with minimal base-level fall (-A) this leads to a rapid forced regression and subaer-
ial exposure of the platform top, which continues through the lowstand (lag phase), where deposition on the platform is 
limited to a thin and relatively narrow band of progradational (GR > A) open marine sediments (FA-4C) at the edge of the 
platform (platform wedge). Therefore, basinward sedimentation is minimal, but sediment starvation and shallow saline 
water within the basin may promote precipitation of basin-centered evaporites (FA-4B). Landward, the forced regression 
also leads to shut down of the carbonate factory thus subjecting the exposed platform to karstification, or calcrete deposits 
(FA-1B) in more arid settings, as seen in core #207. The basal, deepening upwards platform package (FA-4C) is inferred in 
core from north-central North Dakota (Martiniuk, et al., 1995) and is present in core from this study (#24456).

Slow transgression (TST) characterizes Time 3. At this time the carbonate factory will continue to grow as accommoda-
tion space is created, eventually catching-up with rising base level during the subsequent highstand. Initially, this corre-
sponds to a “deepening” package (including previously deposited LST platform sediments) of lower Birdbear deposits as 
the accommodation is created across the entire carbonate shelf. This leads to formation of shallow subtidal depocenters 
(lagoons) between the bank and the shoreline with deposition of transgressive open marine carbonates in the basin, and 
restricted marine carbonates in the lagoons.  Regressive open-marine carbonates of the HST subsequently overlie the TST 
deposits separated by a maximum flooding surface (MFS) that may be difficult to detect visually in core (Fig. 9). The regres-
sive open-marine deposits are subsequently overlain by bank deposits of the HST, where water depth and environment 
allow for bank development.

Figure 9.  Sea-level curve.  See Figure 8 for abbreviations.
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Time T4 represents the highstand phase of the current cycle, as described for Time 1 and for the previous cycle highstand. 
Cycle repetition is likely due to carbonate factory shutdown as bank growth reaches sea level and sea level drops. At some 
point, cyclicity is terminated, likely related to a significant basin event such as a rapid transgression which drowns the car-
bonate factory and leads to filling of created accommodation space by siliciclastic progradation (Catuneanu, 2006), and/
or tectonism that significantly disturbs the basin geometry and depositional setting. It is postulated that such an event 
occurred near the end of Birdbear time, as the Acadian orogeny began (Time T5). Uplift of the Sweetgrass arch across the 
Elk Point basin may have shut off the proto Williston Basin from the open ocean, leading to a significant change in climate, 
depositional setting, and sediment input (clastic) from the newly formed Antler orogen to west (Time T6; Figs. 8 and 10).

Devonian Sequence Stratigraphy
Late Devonian (Duperow, Birdbear, and Three Forks Formations) sequence stratigraphic relations are preliminarily shown 
on Figure 10 utilizing logs from the Pierre Creek 21-17 well. The entire section likely represents the regressive phase of 
the overall second-order Devonian transgressive-regressive sequence. The Birdbear and upper Duperow are third-order 
regressive depositional packages. Maximum transgression of the Elk Point seaway is identified at approximately 11,270 
feet at the transition from third-order transgressive to highstand systems tracts (Wilson and Pilatzke, 1987). Fourth-order 
transgressive-regressive cycles for the Three Forks are also shown in contrast to fourth-order brining upwards cycles for the 
Birdbear and Duperow. Fourth-order packages have been further subdivided into lowstand, transgressive, and highstand 
systems tracts for the Three Forks and Birdbear.

The Birdbear represents four, fourth-order shallowing-upwards cycles within the third-order Birdbear depositional se-
quence (Fig. 10). Systems tracts and sequence boundaries can be identified within each of these cycles, just like in the 
siliciclastic environment, as was discussed above for the B-zone (Fig. 10).  Here a fourth-order sequence boundary at the 
base represents retreat from the area of the sea after Duperow deposition. Subsequent sea-level rise initiated Birdbear 
deposition on the platform margin where outer bank carbonates begin to prograde into the basin during the lowstand. 
Eventually sea-level rise exceeded carbonate growth rates as a slow transgression resulted in transgressive and regres-
sive open-marine deposits during the deepening and early shallowing phase. As shallowing continued, biohermal banks 
formed during the highstand and were eventually capped by shallow-water lagoonal and sabkha deposits forming the 
B-Zone (Fig. 8). Sea level then dropped again, and the shallowing cycle repeated itself three more times during deposition 
of the A-zone shallow-water lagoonal and sabkha deposits. This repetitive pattern is represented by the “Systems Tracts/
Times 1, 2, 3, 4, 2-pattern” shown on the inset blow-up in Figure 10 and depicted on Figure 8. A representative fourth-order 
sequence boundary is shown from 10,996 feet on Figure 10.

A significant change occurs between deposition of the A-zone and the overlying Three Forks Formation, which is defined 
by a third-order sequence boundary. This transition is marked by a change from carbonate deposition of the A-zone to 
siliciclastic deposits of the lower Three Forks. This transition is likely due to the Acadian orogeny which likely began during 
A-zone deposition and culminated at the end of Three Forks time, as represented by the Acadian unconformity. This tecto-
nism effectively shut down the Birdbear carbonate factory (Figs. 8 and 10) leading to a more restricted basin with hypersa-
line conditions in an arid environment during deposition of the Three Forks.

SUMMARY
The stratigraphic framework presented herein provides a foundation from which additional studies may be conducted, 
particularly as related to carbonate sequence stratigraphy for the Birdbear, which, until now, has not been addressed. 
Sequence stratigraphy is an important, novel, and modern concept utilized to evaluate sedimentary rocks in terms of 
base-level changes and depositional trends that arise from the interplay between accommodation space and sedimenta-
tion. It is a powerful tool that may be used to analyze local to global sea-level fluctuations in sedimentary settings such as 
the Williston Basin. Specifically, sequence stratigraphy may be utilized in data- and model-driven hydrocarbon exploration 
to better formulate and predict: 1) lateral and vertical facies changes including cyclicity; 2) diagenetic trends; 3) reservoir 
compartmentalization; and 4) source rock distribution, among others.
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Figure 10.  Type log Devonian sequence stratigraphy.  See Figure 8 for other abbreviations.
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