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Introduction Stratigraphy and chemostratigraphy: Comparison to other early Eocene clumped isotope
The early Eocene (~56-50 Ma) is the peak of protracted warmth of the Cenozoic. Proxy COnsiste Nt iSOtOpiC COmpOSitiOnS in pn mary CarbOnate reco rdS frOm NOrth Amenca
reconstructions of climate on land during this time period are crucial to test our
understanding of climate dynamics in greenhouse regimes. o & Bighom Sesin (Srel o1, 2073)
T v B!g Bend (W'atford etal., 2015) 36
Currently, the tropical and subtropical temperatures predicted by models seem unreasonably roe  height . ol " BloBend iis o) ~
. . . . . . (Ma)y—1(m)} £ ==
hot given the evidence for life at these latitudes (Peppe et al., 2013). These high subtropical T 140 140 - 140 - O o* L —
: . : . e or 1 © Big Bend,
temperatures are necessary to match proxy estimates of latitudinal temperature gradient. ) - — S— S— z | B gthis work Sighorn
We seek to test model predictions for high summer temperatures at low latitudes. o samples adjacent to a basalt flow; likely altered @ > 1. B ‘ls)asillll» 1
= < 30 . ra,. nell et al.
Clumped isotope thermometry is a compelling proxy for summertime temperatures, especially - 120 120 . 120 3 g Lo ‘%Z’:zed ,
given recent improvements in clumped isotope methodology and improvements in our Mean 63Ccarb: Mean 680carb: Mean 6™*Owater: Mean T(A47): 2%[] £ Big Bend, ° - .‘?“op@;fo%a/ T
i i _ 0 o g 2 56 Watford ., 7 .
understanding of carbonate growth seasonality. £l -9.27 %o vpdb -4.49 %o vpdb 0.77 %o smow 32 +3°C ézs_l : al.at ord et . .1% ﬁ‘ﬁiﬁﬁﬁﬁ
We went to the Tornillo basin in Big Bend, TX to create a stable isotope record using il i 100r 100r 100r ) Ewl Bl BN ( |
carbonate nodules from paleosols. N . ‘§Z ” 1 §22 - . .
~ = : 8_: —— ®
8 ~ 80 - 80 - ‘of ° 80 - &EJ: %7 56 55 54 53 52 51 50 29 20, 30 32 34 36 38 20 22 24 26
GSA 2017 N N <o Approx Age (Ma) latitude
0/ ~ | Big Ydilow S o Cle
) TE; andgtone o_o? . g:
Bighorn Basin, WY orogenic Bet 3 -2 P e - Previous work from Big Bend agrees with our estimates (Watford et al., 2015, MS thesis).
) Exposed Land Q . 60 [ 60 - o [ 60 E. A ] . i : .
Green River cominontal shetf k = \ | o - E. - * Our mean temperature estimate is warmer than the estimate from Green River Basin (Hyland
®< "\ Basin, WY = 5 ilcnrilllc ::i?erngrllzssvg;e |\t1(;(t) Iirgulﬁg ;célrii tmhglaizf:tlon; likely a| mix é : =5 et al.,_ in re_view), which is consistent with the continental latitudinal temperature gradient
£ é : éig predicted in Huber and Caballero (2011).
& - 40 | 40 | : 40| Fo= . . L .
< 2| . - e M o e » The temperature estimate from Bighorn Basin is warmer than that from Green River, and
Big, Bend, TX é = : : within error of our estimate from Big Bend. This may reflect local, excessive warming in the
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The paleosols in the Tornillo basin in Blg Bend, TX are at ~30 °N. Blg (Big Yellow), and soils formed in over-bank deposits that occasionally yield carbonate nodules. " clumped isotope T with 95% Gl ) ki F
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» The isotopic values do not change significantly through the section; we can average the primary values to
produce an estimate for early Eocene.
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Canoe Formations (~54 to 52 Ma) in Big Bend National Park, Texas.

« We assessed carbonate material for diagenesis with a cathodoluminescent microscope. »  We compare our clumped isotope temperature estimate to HadCM3L (Table 1 in Methods)

- We measured 83Ccarb, 8'%0carb, and clumped isotopes (A47) of soil carbonate nodules at - Because of uncertainty in the position of the Eocene coastline, we compare our clumped

These high temperatures are primary

UW Isolab. Clumped isotope temperatures are calculated with the Kelson et al. (2017) A47- “'3* sampled isotope temperature to several grid cells within each model.
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fractionation from Kim and O’Neil (1997). tiny drill the models. In some cases, our clumped isotope temperatures agree with fall temperatures.
* We compare our data to various HADCM3L model runs. - To achieve agreement with our summer temperature estimate, models use more CO2 than
plain lightjs CL estimated by proxies (e.g., Anagnostou, et al,, 2016)
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cells in the same model vs. comparing model runs in a single cell. Therefore when comparing

tdddms (preferred) x4 CO2, dynamic vegetation  Loptson et al. (2014) model results to proxy data, accurate paleogeography IS Important.
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Example of a thin section of a carbonate nodule (Paleosol 7-Bk1)
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paleogeography et al. (2017) Refe rences Our temperature estimate is warmer than the estimate from Green River Basin. This is

consistent with a latitudinal temperature gradient. The temperature estimate from Bighorn

T bl 1 . HAD C M 3 L d 1 d - Anagnostou, E., et al. (2016). Changing atmospheric CO2 concentration was the primary driver of early Cenozoic climate. Nature, 533(7603), 380-384. Basin is warmer than our estimate from Blg Bend (> 10° further SOUth) . ThlS may reﬂeCt local

d € . model runs use In Bataille, C. P, et al. (2016). Chemostratigraphic age model for the Tornillo Group: A possible link between fluvial stratigraphy and climate. Paleogeog., Palaeoclim, Palaeoecol (457). Conditions and hl hll htS the need for multl le localities for roxv reconstructions
com arls on W]th C]um ed IS ()to e data Huber, M., & Caballero, R. (2011). The early Eocene equable climate problem revisited. Climate of the Past, 7(2), 603. ¢ g g P p y ]
Hyland, EG, et al,,, in review, Temperature seasonality in the North American continental interior during the Early Eocene Climatic Optimum: Earth and Planetary Science Letters. . . . -
p p p Kelson, |J. R., Huntington, K. W,, Schauer, A. J., Saenger, C., & Lechler, A. R. (2017). Toward a universal carbonate clumped isotope calibration: Diverse synthesis and preparatory methods Our temperature estimate agrees Wlth summer temperatures predICted by HadCM 3 L’ eSpeCIally

suggest a single temperature relationship. Geochimica et Cosmochimica Acta, 197, 104-131.
Kim, Sang-Tae, and James R. O'Neil. "Equilibrium and nonequilibrium oxygen isotope effects in synthetic carbonates.”" Geochimica et Cosmochimica Acta 61.16 (1997): 3461-3475.
* Loptson, C. A, Lunt, D. |., & Francis, J. E. (2014). Investigating vegetation-climate feedbacks during the early Eocene. Climate of the Past, 10(2), 419-436.
A I S O La b Lunt, D. ]., et al. (2010). CO2-driven ocean circulation changes as an amplifier of Paleocene-Eocene thermal maximum hydrate destabilization. Geology, 38(10), 875-878.

when comparing to the model that uses x4 CO2; with dynamic vegetation at the most
paleogeographically likely grid cell.
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