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Introduction: Late Paleozoic Ice Age

* Icehouse periods make up
<25% of the past billion years,
yet glacial-interglacial cycles
persisted for ~70 Ma of the
Paleozoic (Montafez & Poulsen, 2013)
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GPlates, 300 Ma

Introduction: Seawater reconstructions

-

* Mean paleo-seawater conditions, Jas
especially pre-Mesozoic, largely O %
inferred from epicontinental seas

 Shallow carbonate platforms and
Interior sea successions

« Assume that ancient ocean
chemistry is coupled to ';
epicontinental seawater isotope
records (68 0sw = ~0%o) N
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Introduction: Seawater reconstructions

GPlates, 300 Ma

-

« Mounting geologic evidence for
the overprinting of local
processes on global trends in
epicontinental records

 Shallow depths and limited
communication with the open
ocean cause high variability in

seawater conditions (Montafiez et al,
2018; Joachimski & Lambert, 2015; Roark et al., ’
2017; Brand et al., 2009) ‘

Pennsylvanian: 300 Mya

Lome . S WL
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Introduction: 680 of seawater

Snow and ice is enriched with 160

180 is rained out as precipitation because all the80 has been [ ) Eva p O ra ti O n X

before 160 rained out previoulsy
160 evaportitaer?ggre easily T6180
e Precipitation
and runoff:
15150

Water left behind after evaporation
is enriched with %0
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Introduction: 680 of seawater

Snow and ice is enriched with 160

180 is rained out as precipitation because all the80 has been [ ) Eva p O ra ti O n X

before 160 rained out previoulsy

1010
ey * Precipitation

- and runoff:

Water left behind after evaporation

| e |ce sheet
growth: 10'*0

e |ce sheet melt:
l6180
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Goals of the present study

1.

EARTH

Present the first simulations of Late Paleozoic glacial and
Interglacial states that resolve epicontinental sea dynamics

Investigate what processes influence seawater 620 in
epicontinental seas, and whether these environments are
coupled to mean ocean conditions

Compare simulations with published geochemical proxy data
to constrain seawater 680 in the Midcontinent sea
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Methods: ICESM1 setup

e CAM5 and CLM4 (1.9%x2.59)
e POP2 and CISM4 (~19)

N/

Water Isotopes
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Methods: Base simulations

interglacial
Case Glacial Interglacial
Runtime 2000 years 2000 years
Paleogeography | 300 Ma 300 Ma
Low sea level/ High sea level/
High land ice Low land ice ,
glacial
Atmospheric | 280 ppmv 560 ppmv
[CO,]

Solar luminosity | 97.5% modern | 97.5% modern

Initial 6180 0.5%0 0%o0
ocean

-4000 -3000 -2000 -1000 0 1000 2000 3000 4000
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Methods: Base simulations

interglacial
Case Glacial Interglacial
Runtime 2000 years 2000 years
Paleogeography | 300 Ma 300 Ma
Low sea level/ High sea level/
High land ice Low land ice ,
glacial
Atmospheric 280 ppmv 560 ppmv
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Solar luminosity | 97.5% modern | 97.5% modern
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Results: Mean annual SSS

Sea surface salinity (psu)

glacial

interglacial

LT

24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42
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Results: Mean annual SSS

Sea surface salinity (psu)

* Interglacial salinity in
Midcontinent sea is
low, particularly during
interglacial high stand

interglacial

LT

24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42
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Results: Mean annual SSS & precipitation

Sea surface salinity (psu)

interglacial

I [ E e ———

24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42

d180 Mean Annual Precipitation

interglacial

I L[ LT e —

-34 .32 -30 -28 -26 -24 -22 -20 -18 -16 -14 -12 -10 -8 -6 -4 -2
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* Interglacial salinity in
Midcontinent sea is
low, particularly during
interglacial high stand

* Depleted 680 of
precipitation and runoff
from Central Pangean
Mountains into
Midcontinent sea

14



Results: Mean annual seawater 630 (%o)

 Relatively more
enriched 6'0sw in
glacial

» Gradient of decreasing
&'80sw from equator to

the poles
[ UNNNNDNRUDAERORRERNREANENEE
24 -2 16 -12-08 04 0 04 08 12 16 2 24
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Results: Mean annual seawater 630 (%o)

 Relatively more
enriched 6'0sw in
glacial

» Gradient of decreasing
&'80sw from equator to
the poles

* Interglacial 6'®0Osw
gradient of >5%o. over
Midcontinent sea from

||

T ||| ' high riverine influx

24 -2 16 12 -08 -04 0 04 08 12 16 2 24
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Results: Mean annual seawater 630 (%o)

 Relatively more
enriched 6'0sw in
glacial

Is Midcontinent sea
6120 sensitive to
changes in regional
bathymetry? . .
» Gradient of decreasing

&'80sw from equator to
the poles

* Interglacial 6'®*0Osw
N IS gradient of >5%. over
W | Midcontinent sea from

||

O — high riverine influx

24 -2 16 12 -08 -04 0 04 08 12 16 2 24
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Results: Mean annual seawater 630 (%o)

 Relatively more
enriched 6'0sw in
glacial

Is Midcontinent sea
6120 sensitive to
changes in regional
bathymetry? . .
» Gradient of decreasing

&'80sw from equator to
the poles

* Interglacial 6'®*0Osw
N IS gradient of >5%. over
W | Midcontinent sea from

||

O — high riverine influx
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Results: Sensitivity of Midcontinent 680

60 m depth

e

M Sophia Macarewich, Paleoclimate Working Group 2019
EARTH

19



Results: Sensitivity of Midcontinent 680

120 m depth 60 m depth

e

Seawater 680
~2x less
depleted with
2x depth
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Results: Sensitivity of Midcontinent 680

120 m depth 60 m depth

d180 seawater permil d180 seawater

. 0.0

-1.0
-2.0
-3.0

B Seawater 630
~2X less

-7.0

e

i depleted with
2x depth
Velocity in grid-x direction centimeter/s
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Results: Sensitivity of Midcontinent 680

120 m depth

d180 seawater permil

Velocity in grid-x direction centimeter/s
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60 m depth

' d180 seawater permil
iR
Seawater 50 | .
~2x less N
depleted with 1B

2x depth 1

Velocity in grid-x direction centimeter/s
:::::\5_ *$\<\M' 32
Deep :_%{ : ;i.g : Igg
bathymetry i = 2

allows flow of
marine water
onto shelf
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Results: Sensitivity of Midcontinent 680

* North American Midcontinent Sea (NAMS) has a mean depth of
50 m (Algeo & Heckel, 2008)

NAMS superestuarine Freshwater

circulation .+ Midcontinent . lllinois . Appalachian .  terrestrial
: Shelf . Basin : Basin influx

Nutrient & trace-metal recycling in saltwater wedge

Oxygen-poor water drawn from the OMZ of the Panthalassic Ocean

(Turner et al., 2018)
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Results: Sensitivity of Midcontinent 680

Uniform 60 m

d180 seawater permil

. 0.0

-1.0
-2.0
-3.0
-4.0
-5.0
-6.0
-7.0
-8.0
-9.0

Velocity in grid-x direction centimeter/s
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Results: Sensitivity of Midcontinent 680

Mean 50 m Uniform 60 m

NAMS superestuarine

" i d180 seawater permil
circulation . inent .

= B

B
Despite open | o Do >
coastline, shallow 0 2
depth creates >10%o . N
gradient in seawater '
680

Velocity in grid-x direction

d180 seawater permil

-1.0
-2.0
-3.0

centimeter/s
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Results: Sensitivity of Midcontinent 680

Mean 50 m Uniform 60 m

NAMS superestuarine d180Q seawater perlml
idcontines inois o A chia

r rmil
circulation d180 seawater pel
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-1.0
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-3.0

I .o.o

-1.0
-2.0
-3.0

-4.0 -4.0
Despite open | N py

coastline, shallow 70 7
depth creates >10%o 50
gradient in seawater e
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Mean depth >50 m
needed for flow of
marine deepwater into
eastern sea
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Results: Data-model comparison

(Isabel Montanez, personal comm.)

e Compiled proxy data from an
interglacial (304 — 302 Ma) interval

* Calculated paleotemperatures using
simulated and assumed 6'¥QOsw

e P . .
Moscovian |Kasi.| Gzh. |Assel.| Sakm. | Artinskian | Kungurian ||
Pennsylvanian Cisuralian (early Permian |
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Results: Data-model comparison

(Isabel Montanez, personal comm.)

e Compiled proxy data from an
interglacial (304 — 302 Ma) interval

* Calculated paleotemperatures using
simulated and assumed 6'¥QOsw

e P . .
Moscovian |Kasi.| Gzh. |Assel.| Sakm. | Artinskian | Kungurian ||
Pennsylvanian Cisuralian (early Permian |

* Brachiopod carbonate 6'%0
T(OC) = 15.7 — 4‘-36(5180calcite _ 51805w) + 0-12(5180calcite _ 61803w)2

e Conodonts phosphate 630
T(°C) = 118.7 — 4.22(880pnospnate + (22.6 — 88 0yps120c) — 61804)

Hays & Grossman (1991)

Puceat et al. (2010)
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Results: Data-model comparison

(Isabel Montanez, personal comm.)

e Compiled proxy data from an
interglacial (304 — 302 Ma) interval

* Calculated paleotemperatures using
simulated and assumed 6Qsw

e P . .
Moscovian |Kasi.| Gzh. |Assel.| Sakm. | Artinskian | Kungurian ||
Pennsylvanian Cisuralian (early Permian |

* Brachiopod carbonate 6'®0
T(OC) = 15.7 — 4‘-36(5180calcite o 51805w:‘ + 0-12(5180calcite ] 61805w: 2

e Conodonts phosphate 630

T(°C) = 118.7 — 4.22(8™80pnospnate + (22.6 — 88 0yps120c) — 61804, )

M Sophia Macarewich, Paleoclimate Working Group 2019 29
EARTH



Results: Data-model comparison

6180sw = 0%o
Global interglacial Mean annual SSTs and

proxy-derived
temperatures (°C)

Midcontinent sea interglaciai-

temperatures are too
high compared to
simulated SSTs

(Joachimski & Lambert,
2015; Roark et al., 2017)
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Results: Data-model comparison

8130sw = 0%o Model 6§*0sw

Global interglacial Global interglacial
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Results: Data-model comparison

6180sw = 0%o Model 620sw
Global interglacial Global interglacial Proxy—derived
temperatures more
closely resemble
simulated SSTs

Conservative 6®0Osw

Midcontinent sea interglaciai- ] Midcontinent sea interglacialr
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Conclusions .

-

e Decrease In seawater ?"05 aqosﬁhe M'ic‘l_gonti“nent sea during
interglacial high stands due to excess runoff.and precipitation

* Magnitude of sea\A'/af_ep”O dgpletﬂ#\ is dependent on regional

bathymetry s I

M .
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Conclusions

» Decrease in seawater 6**0 across the Midcontinent sea during
interglacial high stands ‘due to excess runoff.and precipitation

« Magnitude of seawater 6'0O depletwh IS dépendent on regional
bathymetry 4

I-

* Knowledge of the reglonal hydrologic processes that influence
epicontinental seas may improve 6'®0 paleotemperature

estimates in deep time g
» Such processes can be constrained with isotope-enabled Earth system
models (i.e. iCESM) . p |

EARTH |
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