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Patterns in early Eocene paleosol morphology in the southern Bighorn Basin, (Wyoming, U.S.A.
Eve Lalor’, Brady Foreman, Western Washington University, Geology Department, 516 High St, Bellingham, Washington, 98225. 'lalore@wwu.edu Abstract #336988
, : Shuster Flats Composite Stratigraphic Column D : :
Introduction Iscussion
-The Eocene Willwood Formation in the Bighorn Basin, Wyoming contains paleosols that span rapid, global warming CAA sam J 1 This interpretation of the timing of ETM2 is based on unpub-
events and contain numerous paleoclimatic proxies that record hydrologic responses to climate perturbations. E 2o —W g A lished ETM2 isotope data from collaborators (Will Clyde). Our
-Studies of PETM paleosols in the basin indicate an overall drying and decrease in soil moisture of about 40% (Kraus 3t _ A"“AA _:A v A 3 own isotope curve from this study is pending.
WASHINGTON UNIVERSITY and Riggins, 2007), but the soil response to subsequent Eocene hyperthermals such as the ETM2 remains uncon- : A A 1. Av e Pre-ETM2: Up to ~10 m and Red 1.
: 4 32m ' s . i, :
strained. e T -variation of wet and dry soil types, distinct red soils and
GEO]O iC Settin i -This study measures a 60 m of vertically-stacked floodplain paleosols spanning the ETM2 hyperthermal event. m v i ;V)g red/purple vertisols, Red 1 extensively laterally continuous
g g - -Qualitative indications of soil moisture are discussed on this poster, while quantitative geochemical proxies to gain 1 \/ - — = (Fig. 10)
3 o . : : 31 m . y L . .
BlghOrn BaSIIl paleo-rainfall estimates comprise the next phase of research. Interpretation: variable drainage, long periods of soil develop-
| . | | -This study will test whether the post-PETM hyperthermals caused climatic drying in proportion to their smaller size, e El ment
-Structural basin surrounded by Laramide uplifts (Fig. 1) formed which would imply a scaling relationship between carbon-related warming and hydrologic response. : 0 During ETM2: Peak is ~23.5 m at Red 4.
: L 30m ] .
durlr.mg Largiiticle OTagETIRN. Cretace.ous.to eV Eoc.ene 3‘;&_27& ' -sequence of yellow-brown paleosols and grey splay deposits
-During the earIY Paleogen?, meandering rivers d.ep05|ted the P?' The Bigh()rn Basi N Wyom | ng COlumn Key 9m q.vA2 : with weak pedogenic development (Fig. 10), “red” layers usual-
leocene Fort Union Formation and the Eocene Willwood Formation o, S o ! 1- - - : 5 :
_ . £ _ gho HNSNEE o Wl Bl R Unit Colors - Mo ly weather red in outcrop but are <50% red in fresh rock, pedo-
Th(.ese formah.on.s Conta . dlsunCt,faCIPfS' S ch.annel " EPTINL T 4 Y U e yellow-brown paleosols y v genic carbonate nodules common in this interval
posits, heterolithic crevasse splay deposits with weak soil develop- eartooth Mountains BRIl j,ﬁ 208 P Ry : 8 m 3 AAAAA i Interpretation: well-drained, but shorter-lived soil profiles
s _ 0 . R . ; V s *B' t v Bighorn . d | | 1 ]
ment, and fine-grained floodplain material with moderate to Tk R g Y 4 g.m}g‘ i oun ‘ red paleosols Sk | —— S e IR Sl enea e
strgng S developlrlnent 1 i e b BTN A CO0Y o, Bl . purple paleosols 1 ; -return of distinct red beds, shift to sandier soils, abundant, ,
-The strata are well exposed in badlands in the basin (Fig. 2 Tt st f ! ‘ . Tl Rive | BUSS 1 : : : :
Thi dv f Eh | s within the Willd (Pl 9 F) TN A "”*“E‘?—-'F?Q|r3'£§are.ek N T grey paleosols i = B thick red beds that continue above measured section (Fig. 11)  Figure 10: The laterally-extensive red/purple
-This study focuses on the paleosols within the Willdwood Forma- A e watt o =  Fon N i ] . s Interpretation: longer periods of soil profile development, layer of Red 1 is seen in the foreground and
tion expo.sed in the Flfteenmll.e Creek field eyrea _r.lorthwest of Wor Loy o s FRN f'WorIant'dl Colorado E yellow-purple mottling (Fig. 6) : - change in deposition to sandy soils may improve drainage, but backgroynd, ov.erlaer by the yelloyv grey in
land, WY in the southern portion of the basin. (Fig. 1) e ot MRS B e S R 1A "3 A B terval. Figure 6: The interval of thick, red pa-
ﬂ‘r?%“gﬂlhlcffr"“* --:,--...: = -3 a wﬁ Ef‘--L h : ;.; e e RS E g AT o e IO leosols at the tOp of the section and above.
Figure 2: Typical topography and expo- DORR NS N " e A, . ] o
sure of paleosols in the field area. The i, AN e TR | Figure 1: Above, the Bighorn Ba- o A E e —
two distinct red paleols in the photo - e | B sin’s location in Wyoming and the M I - ___Ho o
: . Symbols 1A Y _
are the two thick red soils at ."'47 anc?l surrounding states. Left, the field A | | | >0 - EE WA ° z E COmpaI'ISOIl tO PETM PaleOSOI Re SPOHSG
~50 m on the strat column. Field assis- area’s location within the Basin. y slickensides (Fig. 7) ] . 1, v 45 m 3 — . . .
tants for scale. o E z N 2| 60 E - -Kraus et al, 2013 measured a 70 m PETM section in the southern Basin at the HWY 16
— y ) ] : :
. v B dn o == @ & fleld site, east of Worland, Wyoming
- 1 N . gyt . . : :
! F o ld M h d R i Red 5 e N -a yellow/grey stratigraphic interval was identified during the body of the PETM iso-
i - — g . : g . g
]-e et O S o iron nodules m . 1A - A = tope excursion, with a lower red interval before the PETM and an interval of distinct,
; 4 ° o x| ‘. . .
I | - 2 — -
= 95 et A A bonste e ) 3m 1V i E"§ continuous red beds during and post-recovery
Cl : : ' - - : -zt Red 4 s | -qualitatively, this same pattern is seen in the Fifteenmile Creek ETM2 section, which
11 ]atlc [—] ]_St()]:'y. _ The strata are exposed along a North-South A e o o 3 xmm AL A m 3| = ) T , : ,
erosional face along the north fork of Fif- ] 10 v, may imply a similar soil moisture response during both hyperthermals
Early Paleogene Hypel‘thermals teenmile Creek. Multiple sites were select- A root traces with red/purple halo g - E N -same study found a decrease in paleoprecipitation during PETM using geochemical
. ' . . . (Fig. 9) i I N - : .
ed to build a composite stratigraphic sec- : WA A o zl (e}l rainfall estimates
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-Hyperthermals are rapid global NEe (%) VPDB tion, with the oldest layers in the south and 1A & :OOAJE =
oo - : |
warming episodes recognized in the the younger layers to the north. Tm = o) | | . .
. , 0 1 2 3 ] . meter— Lo Figure 11: Stratigraphic column through the PETM section by Kraus et al, 2013.
rock record by negative carbon iso- 53.0 | T B : 41m -
. . Digging 21m JAY A VA
lope excursions (GiEsLihat gy - Trenches were dug/down to fresh rock using 1 O " R h
s i e 4 - - e:-‘;’.ﬁ'(,,:,;? I1 - . 3 :
|| | large-scale carbon release (Fig. 3) - a pick and shovel (Fig. 4) and then brushed IlgOIIlg cSearcC
-The. Paleocene-Eocene Thermal 53.5 &F Ho | L | clean of debris. A=A s RS = N— -The bulk soil samples will be sent for XRF analysis to gain
Maximum (PETM) at 56 Ma Ias.ted H1/ELMO B ] A A 1A% major element abundances for molecular weathering ratios
200kyr.s PSP O war.mmg % % ™| Measuring a.nd Desc”b'”g S e A}i A& E %}t e to be entered into proxies for Mean Annual Precipitation
worldwide (Mclnerney & Wlng, = : = B Palleosol ho.rlzo.ns Wecrj‘e dlshngu(;shgdhby e L om 37 7. (MAP) and Temperature (MAT), including: CIA-K (Sheldon et
2011, and references therein) S : : : = JC;)CgLszérfafm slze.and measured with a 1A A° A -AA‘A'W.WA-AAW al, 2002), CALMAG (Nordt and Driese, 2010), and PPM1.0
-Many have studied the PETM sec- — 5 N = : om . p LT .
. 'V | > . s % % o 0 S 1% o0 Ihv . (Stinchcomb et al, 2016)
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tion in the Bighorn Basin including <CED ‘ R Munsell Color: Bright colors represent drier J-A A 20 N -pedogenic carbonate isotope analysis to capture ETM2 CIE
the changes to floodplain paleosols 54.5- - N e ] il ik i) : 1 : ; - RayRe o
| ®conditions, while drab colors indicate wa- L0 00 L : TR We hypothesize that the paleo-precipitation results will re
(e.g. Kraus et al, 2013, see PETM .~ W terlogging i e R - Je— flect a climatic drying of proportional magnitude to smaller
1 4 o;f} I b E" — :,h m 1< Eo - = ) ; SRR, sir L &
 siomgll . | @ Carbonate: nodules or carbonate root == efE2 " 37m ISy size of the ETM2 hyperthermal as compared to the PETM.  Figure 12: Outcrop of Red 1 (a purple vertisol) and
-The Eocene Thermal Maximum 2 B5 QL E | m traces indicate drier conditions . . ;&A A e the base of the yellow-grey interval.
(ETM2) at 53.5 Ma was half to @ Clay cutans: indicate enough moisture to AN 12 4
one-third the magnitude of the % & : I _ translocate clay particles IV 1A-A Se s
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