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Figure 8: Top of BBG structural map.

Figure 9: BBG isopach map
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3.2. Carbon isotopes (63Ccarb)
Results from over 350 6'3Ccar, analyses show a broad range of values between 0.7%. and

+5.07%o0 VPDB (Table 3). The cross-plot of exhibits no clear correlation between §3Ccarb and
5'80carbFig 10). Overall, the correlation coefficient of all data plotted together is ~ 0.002, whereas,
the correlation coefficient of the data plotted by well is < 0.1. The baseline values of the non-
excursion 8'3Cearp in all five wells range between 0.5-1.3%o. In terms of stratigraphic variability,
the carbon isotope data show a number of isotope excursions within the core profiles, which are
generally smooth with low sample to sample volatility. Carbon isotope excursions (CIEs) show a
slight shift in their absolute values in the different location with the basin. For example, the CIEs
show higher values towards the shelf and lower values toward the basin-center. In the Lemcool
#1 well, 6'3Ccarb results show three positive excursions of +2.5%o, +5%o, +3%eo, at 7235-7115 ft,
7055-7015 ft, and 6970 to 6950 ft, respectively. A negative excursion of -0.5%o at 7015-7000 ft is
also observed (Fig. 11). Though 6%3Ccar values range from +0.5%o to +2%o, results from the
Snowplow #1-5 show no major excursions (Fig. 12). Results from the Snowplow #4-6 show a
positive §3Ccarp excursion of +3%o at 5570-5530 ft and a negative excursion of -0.7%o at 5530-
5525 ft (Fig. 12). Data from the Johnson #1-6 well show two positive excursions; the first a +3%o

shift at 8109-8112 ft depth and the second ranges between +1.5 and +2%o located at 8154-8194

ft (Fig. 13).
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Figure 10: Cross-plot of 6*¥Ocarp vs. 6**Cears
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Lithostrat Depth

Figure 11: 68 Ocarb, 6*3Cearn, 8Sr/%6Sr, and facies profile of the Lemcool #1 core.
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Figure 12: 5*0cars, 6*3Cears, and facies profile of the Snowplow #1-5 and Snowplow #4-6 cores.
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Figure 13: 580carm, 6*3Cears, 87Sr/%6Sr, and facies profile of the Johnson #1-6 core.
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3.3. Conodont biostratigraphy
Pa elements from the conodont Aulacognathus bullatus and what may be Ozarkodina

policlinata were collected from the upper section of the Schoolcraft in the Lemcool #1 core at
6973.4 ft depth. These conodonts were reviewed and confirmed by Jeffrey J. Kuglitsch and
Alyssa M. Bancroft. All other dissolved rock samples from the Freudenberg #1-31 and Lemcool
#1 wells contained Panderodus sp., which is primarily a long time-range coniform species with
no time significance. The conodonts with no biostratigraphical significance were used for

87Sr/8Sr analyses.

3.4. Strontium isotopes (87Sr/26Sr)
With respect to the 8Sr/8%Sr results, the data show broad variation through the

stratigraphic profiles (Table 2). In general, Sr/26Sr values decrease with depth in both wells.
87Sr/8Sr values in the Lemcool #1 range between 0.708049 and 0.708240 over the 7245.2-6974.6
ft depth interval (Fig. 11). Sr/86Sr data in the Freudenberg #1-31 range between 0.708099 and
0.708110 over the 8123.5 ft depth interval (Fig. 13).

Table 2: 87Sr/3¢Sr results

Measured Normalized
87Sr/865r 87Sr/865r
Lemcool #1 7245.2 0.708067 @ 3.01E-06 0.708049 6.01E-06
Lemcool #1 6967.2-6974.6 0.708257 | 3.10E-06 0.708240 6.21E-06
Lemcool #1 7027-7169.5 0.708145 @ 3.04E-06 0.708127 6.09E-06
Lemcool #1 8985.6-7016 0.708219 @ 3.06E-06 0.708201 6.11E-06
Freudenberg #1-31 ~ 8155.3-8166.8 0.708121 @ 2.61E-06 0.708103 5.22E-06
Freudenberg #1-31 | 8168.7-8179.3 0.708128 @ 4.00E-06 0.708110 7.99E-06
Freudenberg #1-31 8123.5-8151 0.708116 @ 2.73E-06 0.708099 5.46E-06
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Chapter 4
Discussion

4.1. CIEs as Global Time Horizons

A number of different geological processes can impact the carbon isotope record
preserved in the BBG. The identification of the CIEs in multiple basins around the world within
coeval rock sections has lead previous researchers to conclude that they reflect primary
depositional signatures that represent global perturbations in the carbon cycle (Patterson and
Walter 1994; Azmy et al. 1998; Kump et al. 1999; Kaljo and Martma 2000; Kaljo et al. 2003;
Cramer and Saltzman 2005; Melchin and Holmden 2006a; Loydell 2007; Munnecke and Mannik
2009; Cramer et al. 2011; McLaughlin et al. 2013, McAdams et al. 2017; Caruthers et al. 2018).
As such, CIEs are routinely used for correlation purposes. Others (Ahm et al. 2018) contend,
however, that CIEs reflect local diagenesis, and are therefore not reliable for correlation. Because
the current study uses the observed CIEs as timelines for stratigraphic correlation, it is of value
to discuss the key observations that suggest CIEs do not reflect diagenesis. First, CIEs occur in
both limestone and dolomite, and more importantly, perhaps, cross limestone-dolomite
contacts. Given that dolomite is the most pervasive diagenetic product in the BBG, it is
reasonable to expect that carbon isotope record might be impacted by the dolomitization
process. The observations show that carbon isotope excursions are not related to dolomitization.
This observation is supported by the poor correlation between the §%3Cerb and 8'80carb. The
8%0carb is easily reset due to the high abundance of oxygen in the sea water and pore fluid
whereas carbon isotope values are considered as the most diagenetically robust of the
geochemical systems due to the high concentration of carbon in carbonate rocks and low
concentration of carbon in the sea water and pore fluid (Ahm et al. 2018). The poor correlation
between 6%3Ccarn and 60y suggest that the dolomitization process did affect the carbon
isotopic record. Second, CIEs are identified in different lithofacies in the different positions (i.e.
shelf, slope, basin-center) across the Michigan Basin. This is evidence that the carbon isotopic
record of the rocks is independent of the depositional environment. More specifically, CIEs occur
in shallow and deep water settings. Lastly, the §'3Ccarm curves presented here are very similar to
the composite global 6*3Ccarb curve of Cramer et al. (2011), which suggests that they are not local

diagenetic signatures. Furthermore, Caruthers et al. (2018) studied the Late Silurian section in
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the Michigan Basin and showed that the organic carbon record and the carbonate record were

the same. This suggest that the CIEs in the carbonate record are not result of diagenesis.

4.2. Age Constraints
Although biostratigraphy is commonly used to constrain the ages of lithologic units

worldwide (e.g., Pollack et al. 1970; Cooper 1980; Zhang and Barnes 2002; Bancroft et al. 2015;
McAdams et al. 2017, Chen et al. 2017), its use in core studies is limited by the low abundance of
rock material that can by dissolved to obtain age-diagnostic fossils. Therefore, this study uses an
integrative approach that utilizes multiple lithological and geochemical datasets, in addition to

biostratigraphy, to constrain the ages of the different BBG units across the Michigan Basin. (i)

Based on observed lithological and biological changes of the BBG in the Michigan Basin
from north to south (Harrison 1985; Voice et al. 2017), this study has subdivided the Michigan
Basin during the BBG deposition time into three physiographic positions along the 2-D dip profile,
shelf, slope, and basin-center (Fig. 14). The shelf position in the basin corresponds to the southern
Upper Peninsula and northern Lower Peninsula. In this position, the Lime Island, Byron and
Hendricks can be identified using GR and core description (Fig. 7; Appendix D, E, and F). The Lime
Island in shelf position (Appendix D) is characterized by a gray to dark gray, nodular mudstone
that interpreted to be formed in a deep-water open marine environment. This facies in the Lime
Island is interbedded with thin skeletal grainstones that is interpreted as storm deposits (Voice
et el. 2017). The Byron in the shelf position (Appendix E) is characterized by light gray to buff,
laminated mudstone, mud-cracks and exposure surfaces are abundant. Byron facies are
interpreted to be deposited in restricted to nearshore shallow subtidal to supratidal environment
above the fairweather wave base (Voice et al. 2017). The Hendricks in the shelf position
(Appendix F) is interpreted, based on the presence of tabulate corals and brachiopods (Appendix
A and F), to be deposited in shallow water environment below the fairweather wave base and
above the stormweather wave base (Voice et al. 2017). In the slope position, however, the three
formations that comprise the BBG are difficult to distinguish due to distinct facies change to a
deeper-water environment. The slope is defined as topographic transition between flat lying
shallow shelf and the deeper basin-center. Toward basin-center in the south, the BBG is

represented by the UD-BBG. UD-BBG is composed of gray to dark gray, nodular mudstone facies
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that is interpreted to be formed in a deep water environment below the storm weather wave

base. The Lime Island, Byron, and Hendricks cannot be distinguished in this position (Fig. 7).

1.92E+7 1.94E+7 1.96E+7 1.98E+7 2E+7
T G W Y (A 0 [ RN O A 100 [ T (Y AN (N N T AN [ (¢ [N Y (O A (00N TN O (D 0 N RN W LA () [ JOPCY S L0 (O O T (A LA 0 R Gl (R L [N T
-ﬁjr/ TS 40  60mil
3

o‘ ¥ @ .m
o] b | I ©
o n: [ O
S N q ro
o o
@ 9 RS
o r o
o A el
o | [ O
o o
o r o
© A t O
o 1 r S
o A o
o | W=
o o
O o
< A F O
o rn
o A o
o | [ O
o o
o 1 o
N A F O
o~ — O

T T T T T T T T T
1.92E+7 1.94E+7 1.96E+7 1.98E+7 2E+7

Figure 14: A paleogeographic map that is based on thickness and facies observations show the geographical
distribution of the BBG’s depositional environments.

The shelf position (Fig. 14) is characterized by two cores, the Snowplow #1-5 and the
Snowplow #4-6, which are separated by a distance of less than 0.5 mile. When combined, these
cores cover the section from upper Cabot Head Shale to the lower Schoolcraft. Based on the
conodonts Icriodella deflecta, Ozarkodina excavata, and Distomodus sp. cf. D. Kentuckyensis that
were identified in the Byron and lower Hendricks Formations in the Snowplow #1-5 core,
Kuglitsch (2000) interpreted the age of the BBG in the shelf position as Middle Aeronian. The
composite 8§*3Ccarp curve for the Snowplow #1-5 and Snowplow #4-6 shows a positive excursion

(+3%0 VPDB) in the upper section of the Hendricks that underlies a negative shift (-0.5%o0 VPDB)
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