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INTRODUCTION
Devonian climate trends have long been studied 
within the context of biological change. For example, 
the end-Devonian glaciation is typically thought to 
be related to CO2-drawdown due to the evolution of 
forests during the Middle-Late Devonian (Algeo and 
Scheckler, 1998, and references therein). However, 
more recent paleoclimate reconstructions indicate 
that the Devonian climate story is more complex. 
Even though it has now been shown that the Middle 
Devonian was cooler than the end-Devonian and 
glacio-eustatic sea-level dynamics operated during the 
Middle Devonian (Fig. 1; Elrick et al., 2009, 2022; 
Joachimski et al., 2009), only Late and end-Devonian 
evidence for glaciation has been documented 
(Ettensohn et al., 2020). In order to better understand 
these long-term patterns, a current focus within the 
Devonian research community is the study of the 
repeated, short-duration, globally-recognized events 
that resulted in marine anoxia, extinctions, and carbon-
cycle perturbations (Fig, 1; House, 2002; Becker et al., 
2020; Brett et al., 2020), especially within the context 
of local environmental change and tectonics (Zambito 
et al., 2012; Chen et al., 2021).

This Keck Consortium project is focused on 
characterizing Middle-Late Devonian lithologies, 
geochemistry, and distribution of facies in the 
Michigan Basin in order to develop a local spatial 
and temporal framework within which future event 
stratigraphy can be undertaken. During this time 
interval, the overall depositional system transitioned 
from carbonate-dominated strata of the Traverse Group 
to siliciclastic-dominated strata, including organic-

rich black shale, in the Squaw Bay Formation (herein 
“Squaw Bay Formation”, a proposal for a formal name 
change to Birdsong Bay Formation is forthcoming, 
pers. comm. N. Stamm, 2024) and overlying Antrim 
Shale Formation and Ellsworth Shale Formation (Fig. 

Figure 1. Middle (in part) and Late Devonian Time Scale showing 
the timing and duration of global events, carbonate carbon isotopic 
excursions, and generalized paleoclimate trends based on oxygen 
isotopic analysis of conodont apatite; Adapted from Becker et al., 
2020.

doi: 10.18277/AKRSG.2024.36.11



The Keck Geology Consortium, v. 36, 2024

2

2).

GEOLOGIC SETTING
The Michigan Basin is one of three depocenters in 
the northeast and upper Midwest United States, the 
others being the foredeep Appalachian Basin adjacent 
to siliciclastic input from the Acadian Orogeny 
and the intracratonic Illinois Basin (Fig. 3). The 
intracratonic Michigan Basin contains ~5 km of strata 
that accumulated across a nearly-circular ~400 km 
diameter depocenter that is centered in the present-day 
state of Michigan (Gutschick and Sandberg, 1991a; 
Howell and Van Der Pluijm, 1999). There is little 
evidence for structural disruption in the Michigan 
Basin (Howell and van der Pluijm, 1999). Through 
the Middle to Late Devonian, the subsidence style in 
the Michigan Basin changed from basin-centered to 
eastward tilting (Howell and van der Pluijm, 1999), 
presumably due to substantial and renewed Acadian 
tectonism during the Middle-Late Devonian (see Ver 
Straeten, 2010, and references therein for detailed 
descriptions of Acadian tectophases). Along with 
these basin morphology changes, the Michigan Basin 
also shifted from carbonate-dominated deposition in 
the Middle Devonian Traverse Group to siliciclastic 
and organic matter dominated deposition in the Late 
Devonian (Fig. 2).

In the northern Appalachian Basin (New York State), 
Devonian strata are well exposed in an outcrop 
belt that is perpendicular to depositional strike 
of siliciclastic sediment input from the Acadian 
Mountains (Fig. 3); these strata are therefore not 
only better-studied than contemporaneous strata in 
the Michigan Basin, but New York strata are the type 
examples for which many global events are named 
(Fig. 1). However, the Appalachian Basin was also 
tectonically active at this time and local environmental 
change associated with basin subsidence and sediment 
supply often overprints global environmental changes 
(Fig. 1; Zambito et al., 2012). Conversely, the Middle-
Upper Devonian transition from Traverse Group 
shallow marine carbonates through the transitional 
“Squaw Bay Formation” to the Antrim Formation 
anoxic black shale in the Michigan Basin is unlikely 
the result of continental-margin tectonism (Fig. 3), 
and more accurately reflects the signal of global 

environmental change (Fig. 1). The studies discussed 
herein will provide a critical stratigraphic and 
paleoenvironmental framework within which future 
workers can identify global events in the Michigan 
Basin.

This project builds upon a long history of 
lithostratigraphic study and basin-wide correlation, 
though there is recognition that the stratigraphic 
nomenclature originally defined with the limited 
outcrops available at the northern basin margin is not 
easily applied to the subsurface (Fig. 2; Ehlers and 
Kesling, 1970; Kesling et al., 1974, 1976; Catacosinos 
et al., 2000; Wylie and Huntoon, 2003; Swezey et 
al., 2015). Furthermore, since Michigan Basin type-
section outcrops are rare, stratigraphically short, and 
generally lack exposure of formation and member 

Figure 2. Generalized lithostratigraphy of the Middle-Late 
Devonian stratigraphic succession, including the stratigraphic 
ranges of the cores studied (see Table 1; after Bultynck, 1976; Ells, 
1978, 1979; Gutschick and Sandberg, 1991; Catacosinos et al., 
2000; Wylie and Huntoon, 2003; Currie, 2016; Narkiewicz and 
Bultynck, 2016); *** Catacosinos et al.  (2000) does not differentiate 
the Traverse Group in the subsurface, but see Wylie and Huntoon 
(2003) and Gutschick and Sandberg (1991a,b) for formation-level 
correlations in the subsurface and the interpretation that the age 
of the Traverse Group in the subsurface likely includes strata that 
are both older and younger than the strata of the Traverse Group 
at the Michigan Basin Margins.
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York State. This provided the opportunity to directly 
compare Michigan Basin subsurface observations to 
Devonian Global Event type example strata. Finally, 
this summer research experience culminated in a 
group poster presentation at the Subcommission on 
Devonian Stratigraphy Annual Meeting where students 
received constructive criticism from disciplinary 
experts on their project and preliminary data (Zambito 
et al., 2023). Students then departed from Rochester 
International Airport. Subsequent to the summer 
experience and after an academic year of research, 
group members presented the results of their research 
at the 2024 Joint North-Central and South-Central 
Section Meeting of the Geological Society of America 
on 21-23 April 2024 in Springfield, MO (Barker-
Edwards et al., 2024; Giehler et al., 2024; Johnson et 
al., 2024; O’Bryan et al., 2024; Truong et al., 2024; 
Wiesner et al., 2024; Winget et al., 2024).

The lithostratigraphic successions studied, and the 
cores utilized in this project, are outlined in Figures 
3 and 4 as well as Table 1. Most of the research 
conducted was on three cores: the basin margin 
State Chester Welch #18 core, the more basinal 
Krocker 1-17 core, and the Paxton Quarry core 
which was drilled at the stratigraphically important 
locality studied by Gutschick and Sandberg (1991b); 

contacts (Zambito and Voice, personal field notes), and 
a variety of cores exist as a result of active oil and gas 
exploration (Swezey et al., 2015), this project focuses 
on the study and sampling of the extensive drill core 
available at the Michigan Geological Repository 
for Research and Education (MGRRE) at Western 
Michigan University (see Figures 3 and 4 for details). 

RESEARCH AND RESULTS
This Keck Consortium project involved research 
on core and outcrop as well as laboratory work 
(Fig. 3). The research group assembled at O’Hare 
International Airport and drove to the Michigan 
Geological Repository for Research and Education 
(MGRRE) at Western Michigan University for a 
project overview and to study and sample drill core. 
Then, the group traveled to Beloit College to conduct 
laboratory analyses. After initial laboratory work 
was complete, the research group drove to Cleveland 
where they joined a field meeting of the International 
Union of Geosciences Subcommission on Devonian 
Stratigraphy (SDS) to study the geologically 
contemporaneous Appalachian Basin Middle-Upper 
Devonian strata found in outcrops along the Lake Erie 
shoreline and creeks in Ohio, Pennsylvania, and New 

Figure 3. A) Devonian paleogeography (location of part B in red box). B) Paleogeography and generalized depositional settings of the 
Eastern and Midwest United States during the Middle-Upper Devonian. C) Outcrop belt (bluish gray) of Devonian strata in the study 
region (after Reed, 2004) and the location of Michigan Basin cores and SDS Field Trip stops examined as part of this study. Also shown 
is the location of sites where Keck research took place (Beloit College [B] and MGRRE at Western Michigan University [W]), the 
airports utilized, and the location of the SDS Meeting. Paleogeographic maps adapted from Blakey (2013).
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unfortunately, the Paxton Quarry core was heavily 
sampled by previous researchers and therefore was 
not as ideal for geochemical sampling and the quarry 
itself has since flooded after decommissioning and 
is inaccessible. For this reason, most of the student 
projects undertaken focused on the State Chester 
Welch #18 and Krocker 1-17 cores.

The strata studied are shown in Figures 2 and 4. The 
base of the studied succession is the Traverse Group. 
Unconformably overlying the Traverse Group is the 
“Squaw Bay Formation,” which transitions from 
a fossiliferous calcareous shale to a carbonaceous 
shale where it has a gradational contact with the 
black shale of the Norwood Member, the basal unit 
of the overlying Antrim Formation (Antrim Shale). 
The Norwood Member is relatively sharply overlain 
by the Paxton Member, a variably dolomitic, fossil-
bearing gray mudstone. A sharp contact occurs 
between the Paxton and overlying Lachine Member, 

which is a black shale. The black shale of the Lachine 
gradationally transitions into the overlying Ellsworth 
Formation, which consists of interbedded light 
green-gray siltstone and dark gray to gray shale; the 
Ellsworth is the youngest unit observed in the cores 
studied. Regional gamma log correlation (Currie, 
2016) suggests that the Ellsworth is overlain by 
the black shale of the upper member of the Antrim 
Formation across the basin, which is overlain by shale 
and sandstone of the Bedford and Berea formations 
and the Mississippian Sunbury Shale.

The research of Winget (this volume) was focused 
on the Traverse Group, specifically trying to identify 
the lithostratigraphic units described originally from 
scattered outcrops across the northern part of the lower 
peninsula within the cores studied herein. Winget 
(this volume) concluded that the strata of the Traverse 
Group in the State Chester Welch #18 core were most 
similar to previously collected hand samples from the 
type section of the Thunder Bay Formation.

The contact of the Traverse Group and overlying 
“Squaw Bay Formation” was studied petrographically 
and mineralogically by O’Bryan (this volume). 
Petrographic and scanning electron microscopy (SEM) 
and x-ray fluorescence scanning (µXRF) was used 
to decipher a complex paragenetic sequence of both 
early and late diagenetic mineralization (O’Bryan, this 
volume).

The lithology and paleontology of the “Squaw 
Bay Formation” was studied in detail by Wiesner 
(this volume). This study is an important step in 
the ongoing work of the USGS and the Michigan 
Geological Survey to better understand the 
subsurface expression of this unit in order to revise its 
inappropriate and hurtful name as well as lithologic 
characterization.

In order to gain a baseline understanding of detrital 
input into the Michigan Basin during the deposition 
of the “Squaw Bay” and Antrim formations to aid in 
interpretation of future organic carbon isotopic data 
within a global event stratigraphy framework (Fig. 
1), Giehler (this volume) and Gugino (this volume) 
undertook chemostratigraphic analysis of the Krocker 
1-17 and State Chester Welch #18 cores, respectively. 
Elemental proxies for detrital input were used to 

Figure 4. Lithostratigraphy and core photographs of the main 
studied successions. Lithostratigraphic columns for the Krocker 
1-17 and State Chester Welch #18 cores are shown and correlated. 
Representative photographs of lithology for each unit studied are 
shown from the State Chester Welch #18 core.
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constrain siliciclastic input into the basin, and how it 
changes across the basin and up section, through the 
“Squaw Bay” and the Antrim formations (Giehler, this 
volume; Gugino, this volume).

Another tool with implications for detrital influx as 
well as intra- and extrabasinal correlation is magnetic 
susceptibility. Barker-Edwards (this volume) utilized 
magnetic susceptibility of the “Squaw Bay” and 
Antrim formations to constrain detrital influx locally 
as well as correlate the strata of the Michigan Basin 
to a contemporaneous succession in the Illinois Basin 
that was studied previously.

The Ellsworth Formation is probably the least 
understood of the stratigraphic units addressed as 
part of this project. Johnson (this volume) undertook 
a detailed lithostratigraphic, chemostratigraphic, 
and mineralogical characterization of this unit in 
multiple cores, complemented by a high-resolution 
quantification and statistical analysis of Ellsworth 
Delta sedimentation (Quiroz, this volume).

Detailed study of multiple cores as part of this project, 
and a better understanding of the Michigan Basin 
stratigraphic framework (Fig. 2), meant that regional 
geologic mapping could also be revised. Truong 
(this volume) constructed a geologic map of Alpena 
County, Michigan that used lithologic observations 
from core to inform interpretation of driller’s logs. 
Importantly, Truong (this volume) demonstrates that 
subdivisions of the Antrim Formation can be mapped 
confidently in the subsurface of the map area.

SUMMARY
The following short contributions outline new research 
endeavors to better understand the lithologies, 
geochemistry, and distribution of facies in the 
Michigan Basin. The results provide critical revisions 
to our collective understanding of the spatial and 

temporal stratigraphic framework of the Middle-
Late Devonian Michigan Basin within which future 
research can be undertaken.

 ACKNOWLEDGEMENTS
This material is based upon work supported by the 
Keck Geology Consortium and the National Science 
Foundation under Grant No. 2050697. Additional 
funding was provided by the Department of Geology 
at Beloit College. We are grateful for the time and 
insight provided by W. Harrison, L. Harrison, and J. 
Trout at MGRRE. Their extensive experience with 
the core collection facilitated the choice of cores to 
use and ensured the success of this project. J. Trout 
facilitated sampling the cores, working with the 
students to select intervals to sample and assisting 
with cutting billets and collecting samples. L. Harrison 
provided a welcoming environment for our students, 
making sure that they had everything they needed for 
working at MGRRE. W. Harrison provided insights 
in the geology of the Middle and Upper Devonian 
stratigraphy of the basin from his long experience with 
Michigan Basin rocks.

REFERENCES
Algeo, T.J., and Scheckler, S.E., 1998, Terrestrial-

marine teleconnections in the Devonian: links 
between the evolution of land plants, weathering 
processes, and marine anoxic events (D. J. 
Beerling, W. G. Chaloner, & F. I. Woodward, 
Eds.): Philosophical Transactions of the Royal 
Society of London. Series B: Biological Sciences, 
v. 353, p. 113–130, doi:10.1098/rstb.1998.0195.

Barker-Edwards, T., Voice, P.J., and Zambito IV, 
J.J., 2024, Magnetic susceptibility of the Late 
Devonian Antrim Shale of the Michigan Basin: 
Geological Society of America Abstracts 
with Programs, v. 56, n. 3, doi: 10.1130/
abs/2024NC-398895

Becker, R.T., Marshall, J.E.A., Da Silva, A.-C., 
Agterberg, F.P., Gradstein, F.M., and Ogg, J.G., 
2020, The Devonian Period, in Gradstein, F.M., 
Ogg, J.G., Schmitz, M.D., and Ogg, G.M. eds., 
Geologic Time Scale 2020, Elsevier, p. 733–810, 
doi:10.1016/B978-0-12-824360-2.00022-X.

Blakey, R.C., 2013, Deep Time MapsTM – Maps 



The Keck Geology Consortium, v. 36, 2024

6

of Ancient Earth, https://deeptimemaps.com/ 
(accessed April 2022)

Brett, C.E., Zambito, J.J., McLaughlin, P.I., and 
Emsbo, P., 2020, Revised perspectives on 
Devonian biozonation and environmental 
volatility in the wake of recent time-scale 
revisions: Palaeogeography, Palaeoclimatology, 
Palaeoecology, v. 549, p. 108843, doi:10.1016/j.
palaeo.2018.06.037.

Bultynck, P., 1976, Comparative Study of Middle 
Devonian Conodonts from Northern Michigan 
(U.S.A.) and the Ardennes (Belgium-France): 
The Geological Association of Canada Special 
Paper Number 15, p. 119–141.

Catacosinos, P.A., Harrison, W.B., Reynolds, R.F., 
Westjohn, D.B., and Wollensak, M.S., 2000, 
Stratigraphic Nomenclature For Michigan: 
Michigan Dept. of Environmental Quality 
Geological Survey Divisions and Michigan 
Basin Geological Society, http://www.dnr.state.
mi.us/spatialdatalibrary/pdf_maps/geology/
Stratigraphic_Column_Map.pdf.

Chen, B., Ma, X., Mills, B.J.W., Qie, W., Joachimski, 
M.M., Shen, S., Wang, C., Xu, H., and Wang, 
X., 2021, Devonian paleoclimate and its drivers: 
A reassessment based on a new conodont 
δ18O record from South China: Earth-Science 
Reviews, v. 222, p. 103814, doi:10.1016/j.
earscirev.2021.103814.

Currie, B.J., 2016, Stratigraphy of the Upper 
Devonian-Lower Mississippian Michigan Basin: 
Review and Revision with an Emphasis on the 
Ellsworth Petroleum System [M.S. Thesis]: 
Western Michigan University, 148 p., https://
scholarworks.wmich.edu/masters_theses/721/.

Ehlers, G.M., and Kesling, R.V., 1970, Devonian 
Strata of Alpena and Presque Isle Counties, 
Michigan: Museum of Paleontology, The 
University of Michigan, Miscellaneous Papers, 
131 p., https://hdl.handle.net/2027.42/48601.

Ells, G.D., 1978, Stratigraphic Cross Sections 
Extending from Devonian Antrim Shale to 
Mississippian Sunbury Shale in the Michigan 
Basin: Michigan Department of Natural 
Resources, Geological Survey Division Michigan 
Department of Natural Resources, Geological 
Survey Division, Topical Report FE-2346-30, 
208 p., https://doi.org/10.2172/6275903

Ells, G.D., 1979, Stratigraphic Cross Sections 
Extending from Devonian Antrim Shale to 
Mississippian Sunbury Shale in the Michigan 
Basin: Michigan Department of Natural 
Resources, Geological Survey Division Michigan 
Department of Natural Resources, Geological 
Survey Division, Report of Investigation 22, 186 
p.

Elrick, M., Berkyová, S., Klapper, G., Sharp, Z., 
Joachimski, M., and Frýda, J., 2009, Stratigraphic 
and oxygen isotope evidence for My-scale 
glaciation driving eustasy in the Early–Middle 
Devonian greenhouse world: Palaeogeography, 
Palaeoclimatology, Palaeoecology, v. 276, p. 
170–181, doi:10.1016/j.palaeo.2009.03.008.

Elrick, M., Gilleaudeau, G.J., Romaniello, S.J., 
Algeo, T.J., Morford, J.L., Sabbatino, M., 
Goepfert, T.J., Cleal, C., Cascales-Miñana, 
B., and Chernyavskiy, P., 2022, Major Early-
Middle Devonian oceanic oxygenation linked to 
early land plant evolution detected using high-
resolution U isotopes of marine limestones: Earth 
and Planetary Science Letters, v. 581, p. 117410, 
doi:10.1016/j.epsl.2022.117410.

Ettensohn, F.R., Clayton, G., Lierman†, R.T., Mason, 
C.E., Krause, F.F., DeBuhr, C., Brackman, T.B., 
Anderson, E.D., Dennis, A.J., and Pashin, J.C., 
2020, Late Devonian lonestones, diamictites, and 
coeval black shales from the Appalachian Basin: 
Discerning relationships and implications for 
Late Devonian Appalachian history and glacially 
driven seafloor anoxia, in The Appalachian 
Geology of John M. Dennison: Rocks, People, 
and a Few Good Restaurants along the Way, 
Geological Society of America, p. 67–88, 
doi:10.1130/2020.2545(05).

Giehler, M.C., Gugino J.P., Voice, P.J., and Zambito 
IV, J.J., 2024, Lithological and geochemical 
analysis of the Middle to Upper Devonian Antrim 
Shale, Michigan Basin: insights into detrital 
input dynamics: Geological Society of America 
Abstracts with Programs, v. 56, n. 3, doi: 
10.1130/abs/2024NC-398770

Gutschick, R.C., and Sandberg, C.A., 1991a, 
Late Devonian history of Michigan Basin, in 
Geological Society of America Special Papers, 
Geological Society of America, v. 256, p. 181–
202, DOI: 10.1130/SPE256-p181.



The Keck Geology Consortium, v. 36, 2024

7

Gutschick, R.C., and Sandberg, C.A., 1991b, Upper 
Devonian biostratigraphy of Michigan Basin, in 
Geological Society of America Special Papers, 
Geological Society of America, v. 256, p. 155–
180, doi:10.1130/SPE256-p155.

House, M.R., 2002, Strength, timing, setting and cause 
of mid-Palaeozoic extinctions: Palaeogeography, 
Palaeoclimatology, Palaeoecology, v. 181, p. 
5–25, doi:10.1016/S0031-0182(01)00471-0.

Howell, P.D., and Van Der Pluijm, B.A., 1999, 
Structural sequences and styles of subsidence 
in the Michigan basin: Geological Society 
of America Bulletin, v. 111, p. 974–991, 
doi:10.1130/0016-7606(1999)111<0974:SSASO
S>2.3.CO;2.

Joachimski, M.M., Breisig, S., Buggisch, W., Talent, 
J.A., Mawson, R., Gereke, M., Morrow, J.R., 
Day, J., and Weddige, K., 2009, Devonian climate 
and reef evolution: Insights from oxygen isotopes 
in apatite: Earth and Planetary Science Letters, v. 
284, p. 599–609, doi:10.1016/j.epsl.2009.05.028.

Johnson, I.R, Quiroz, C.J., Voice, P.J., and Zambito 
IV, J.J., 2024, Characterizing the Ellsworth 
Formation of the Michigan Basin using 
lithostratigraphy and chemostratigraphy: 
Geological Society of America Abstracts 
with Programs, v. 56, n. 3, doi: 10.1130/
abs/2024NC-398769

Kesling, R.V., Johnson, A.M., and Sorensen, H.O., 
1976, Devonian Strata of the Afton-Onaway 
Area, Michigan: Papers in Paleontology, 
Museum of Paleontology, The University of 
Michigan, v. 17, p. 1–149, https://hdl.handle.
net/2027.42/48617.

Kesling, R.V., Segall, R.T., and Sorensen, H.O., 
1974, Devonian Strata of Emmet and Charlevoix 
Counties, Michigan: Papers in Paleontology, 
Museum of Paleontology, The University of 
Michigan, v. 7, p. 1–187, https://hdl.handle.
net/2027.42/48608.

Narkiewicz, K. and Bultynck, P., 2016, Taxonomy 
and biostratigraphic significance of Icriodus 
orri Klapper and Barrick and related Middle 
Devonian conodont species, Journal of 
Paleontology, v. 90(6), p. 1181-1196, doi: 
10.1017/jpa.2016.41

O’Bryan, H.R., Thole, J., Voice, P., and Zambito 
IV, J., 2024, Diagenesis of a pyritized contact 

at the Middle to Late Devonian transition 
from carbonate to black shale in the Michigan 
Basin: Geological Society of America Abstracts 
with Programs, v. 56, n. 3, doi: 10.1130/
abs/2024NC-398896

Reed Jr., J.C., 2004, Geology of the United States, 
Mexico, Central America, and the Antilles, and 
parts of Siberia, Colombia and Venezuela for the 
Geologic Map of Morth America, in: Reed, John 
C. Jr., Wheeler, John O., and Tucholke, Brian 
E., compilers, 2004, Geologic Map of North 
America: Decade of North American Geology 
Continental Scale Map 001, Boulder, Geological 
Society of America, 1:5000,000 scale.

Swezey, C.S., Hatch, J.R., East, J.A., Hayba, D.O., 
and Repetski, J.E., 2015, Chapter 2: Total 
Petroleum Systems of the Michigan Basin—
Petroleum Geology and Geochemistry and 
Assessment of Undiscovered Resources, in U.S. 
Geological Survey Michigan Basin Province 
Assessment Team ed., Geologic assessment of 
undiscovered oil and gas resources of the U.S. 
portion of the Michigan Basin, U.S. Geological 
Survey, U.S. Geological Survey Digital Data 
Series DDS–69–T, p. 1–162, https://doi.
org/10.3133/ds69T.

Truong, L.T., Voice, P.J., and Zambito IV, J.J., 2024, 
Preliminary geologic maps of Alpena County, 
Michigan: Geological Society of America 
Abstracts with Programs, v. 56, n. 3, doi: 
10.1130/abs/2024NC-398768

Ver Straeten, C.A., 2010, Lessons from the foreland 
basin: Northern Appalachian basin perspectives 
on the Acadian orogeny, in Tollo, R.P., 
Bartholomew, M.J., Hibbard, J.P., and Karabinos, 
P.M., eds., From Rodinia to Pangea: The 
Lithotectonic Record of the Appalachian Region: 
Geological Society of America Memoir 206, p. 
251–282, doi: 10.1130/2010.1206(12)

Wiesner, A.S., Judge, S., Voice, P.J., and Zambito 
IV, J.J., 2024, An Analysis of Stratigraphic and 
Paleoecologic Variability in the “Squaw Bay 
Formation,” Michigan Basin: Geological Society 
of America Abstracts with Programs, v. 56, n. 3, 
doi: 10.1130/abs/2024NC-398913

Winget, M.M., Beck, C., Wegter, B., Voice, P.J., and 
Zambito IV, J.J., Comparing Lithologies and 
Geochemical Signals of the Middle Devonian 



The Keck Geology Consortium, v. 36, 2024

8

Thunder Bay Formation (Michigan Basin) in 
Core and at the Type Section: Geological Society 
of America Abstracts with Programs, v. 56, n. 3, 
doi: 10.1130/abs/2024NC-398920

Wylie, A.S., and Huntoon, J.E., 2003, Log-curve 
amplitude slicing: Visualization of log data and 
depositional trends in the Middle Devonian 
Traverse Group, Michigan basin, United 
States: AAPG Bulletin, v. 87, p. 581–608, 
doi:10.1306/12040201057.

Zambito IV, J.J., Brett, C.E., and Baird, G.C., 2012, 
The Late Middle Devonian (Givetian) Global 
Taghanic Biocrisis in Its Type Area (Northern 
Appalachian Basin): Geologically Rapid 
Faunal Transitions Driven by Global and Local 
Environmental Changes, in Talent, J.A. ed., Earth 
and Life, Dordrecht, Springer Netherlands, p. 
677–703, doi:10.1007/978-90-481-3428-1_22.

Zambito IV, J.J., Voice, P.J., Barker-Edwards, T., 
Giehler, M.C., Gugino, J.P., Johnson, I.R., 
O’Bryan, H.R., Quiroz, C.J., Truong, L.T. 
7, Wiesner, A.S., and Winget, M.M., 2023, 
Integrated stratigraphic and paleoenvironmental 
study of the Middle-Late Devonian Carbonate 
to black shale transition in the Michigan Basin, 
Subcommission on Devonian Stratigraphy 
Annual meeting, Geneseo, New York, Program 
and Abstracts p. 86-87.


