TRACE ELEMENT AND STABLE ISOTOPE VARIATIONS IN THREE COEVAL WEST VIRGINIA SPELEOTHEMS
SPANNING THE LGM AND YOUNGER DRYAS R
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Three coeval stalagmites from Culverson Creek Cave, West Virginia, grew largely uninterrupted for ap- The stalagmites- CCC-001, 003, and 007, respectively, were cut in
proximately 15,000 years across the Last Glacial Maximum to early Holocene. Stable isotope carbon and | CCC-007 half along the growth axes, polished, and drilled for powdered
oxygen and high resolution trace element (Sr/Ca) chronologies are supported by 63 Th-230 age dates. 2200} rh | 132°Th ages gm0 samples for stable isotope and dating analyses. Trace element data
The timing of Heinrich events 1 and 2, LGM, B/A and YD are well-constrained by abrupt shifts in the high- 40936 yr BRI S 974995 yr 2% 906:52 y‘fﬁp \."” were obtained using the Artax y-XRF.
frequency oscillations observed in both stable isotope and trace element analyses, providing a detailed = 4 =k B 13' PN
paleohydrological chronology for the mid-Appalachian region during this time. = * e ' ol & W Stable isotope samples were milled contiguously in sub-mm incre-
7 |8 ) & =8 | aAF W " ments (in order to reduce any aliasing effects that may result from
The 8180 curves attained for these speleothem is largely supported by GRIP and GISP2, as will be dem- = i | | g IR = taking discrete samples) by a dental drill. The samples were then
onstrated by time-series comparison. The stable isotope chronology is, however, markedly different from %, & : | 48 8 v | 2 processed by a GasBench Il coupled to a ThermoFinnigan Delta- L
many speleothem chronologies from other regions. We present a comparison of this mid-Appalachian RN THEC O . ! '5 aw PlusXP IRMS and standardized to V-PDB. 10 15 20 25
record with those of other regions, as well as an interpretation of the various climatic mechanisms control- S g | P . __. TR - i g - Age (kyrs BP)
ling speleothem deposition. = ‘a4 WR G4 W g N e Th-230 age-dating was performed at the University of Minnesota FIGURE 4 (above): Age Model for CCC
ot el | B A -- R R X | using a Finnigan-MAT Element IC-PMS with a single MasCom multi- Speleothems with uncertainties for indi-
In addition to this chronology, we also present a new technique for trace element analysis (Sr/Ca) through " a LY | B i plier using the decay constants reported by Cheng et al. (2000). vidual ages shown as brackets.

u-X Ray Fluorescence (u-XRF). Trace element ratios in speleothems (Sr/Ca, Mg/Ca, Ba/Ca) have been s Y " &f L v (7 T Figure 3 shows the location of the top and bottom ages obtained
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The high-resolution, absolute-
dated Culverson Creek spe-
leothem record for West Vir-
ginia provides a unique oppor-
tunity to reconstruct the paleo-
climate of eastern North
America.
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used to interpret the hydrogeochemical processes in the epikarst zone as well as the partitioning that ,. for each speleothem while Figures 4 & 5 show the age model con- e g
occurs at the calcite-water interface. During periods of low rainfall, trace element ratios generally increase ¢ ad structed by linear interpolation between U/Th ages to create a ra- § :
as a result of the longer residence time of water in the soil and epikarst zones. High-resolution time series diometric timescale for 8180 and 613C measurements. For age re- | : :
analyses of these elements in speleothems provide evidence for changing paleohydrological and geo- | sults, see Table 1. i i
chemical conditionn addition to this chronology, we also present a new technique for trace element analy- _FIGL;RE 3b(|apove). Spele‘)tlhems _CCfC'OOOO11’ Oog’o%%d 00d7 sr,]holw- i
sis (Sr/Ca) through p-X Ray Fluorescence (u-XRF). Trace element ratios in speleothems (Sr/Ca, Mg/Ca, ing the stable isotope sampling axis (for 001 an ) and the lo- | i E the CCC record.
. . . . cations of samples taken for U-Th dating (for 007). Top and bottom . . : . . | | i

Ba/Ca) have been used to interpret the hydrogeochemical processes in the epikarst zone as well as the q . . . . a motor-driven, tripod-supported, x-y-z axis with a spot size of 70 : |

e . . . . . . ates for each stalagmite are shown with the location from which _ _ _ _ . . :
partitioning that occurs at the calcite-water interface. During periods of low rainfall, trace element ratios the powdered sample was taken microns, and is equipped with an Rh tube and Al-Ti-Cu filter. The ol . : ; The three CCC speleothems
generally increase as a result of the longer residence time of water in the soil and epikarst zones. High- | spatial sensitivity of the system allows for a minimum step incre- s w0 1w a0 i i . provide an opportunity to ex-
resolution time series analyses of these elements in speleothems provide evidence for changing paleohy- ment of 30 microns, ultimately allowing for resolution down to Age (kyrs BP) . i amine not only inter-cave vari-
drological and geochemical conditions over time. This non-destructive and non-contact method could spot-size overlap. Instrument settings for analyses of CCC speleo- FIGURE S (abo_ve): Age model for : ability but also intra-cave vari-
serve as a viable alternative to conventional methods and prove important in future paleoclimate re- thems was 50kV/500 pA with a count-time of 180 seconds. CCC-003 illustrating the growth rate '

search.

Sr/Ca 9-pt
A

The timing of several climatic
events as seen in other proxy
records can be correlated with

Trace element data were obtained using the ARTAX u-XRF system-
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: : climatic signals within speleo-
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INTRA-CAVE VARIABILITY FIGURE 8: The CCC-003 stable isotope and Sr/Ca record series anaIYSiS of records and
4l o B as compared to the Sofular d180 record (Fleitmann et al., understanding the global and
000 . 00%  200Kiometers SOZ?Z'OWOOO FIGURE 1 (left): Speleothems for this study 2?;5-0012;;5 T R S T R = s Ak Figures 6 and 7 serve to show the variability that can be seen 2009), NGRIP 20-yr d180 record, Hulu PD/MSD d180 record regional environmental con-
| Cave Losations and Geologic Setting N were collected from a humid cave passage cor s s o al ks between coeval speleothems from the same location. All were (Wang e? al., 2001), and the D?“gge D4 d180 record trols on speleothem proxies.
’ i N i (Dykoski et al., 2005). The various colored bars show
0| a0 otwore [aaonis | st |t | s | T . analysed using the same methods, so the variability seen is
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Folded, faulted garbonate rocks ‘ more than a kilometer from the closest known e Al ' Bt _th d ¢ f i I ¢ i b_l_ _th_ the timing of major events within the records. Th-230
oo | o oo fomo | ox | o2 e | T 7 , | - either a product of cave microclimate variability within a very age dates with are shown as brackets.
small cave section, different isotope fractionation effects, or

L Srr—— entrance in Culverson Creek Cave, in the Mis- o s s
perhaps different vadose flow regimes and pore water resi-
dence time in the epikarst.
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/ CCC3-29 737.7 £1.1 13435 +269 93 +2 668.3 1.8 0.1023 +0.0004 6873 £28 6558 +£225 + 6497 +225
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y TABLE 1 : Th-230 age dates obtained for CCC speleothems. These records |arge|y agree with one 8. through the Holocene. Science, 293. 1304-1308.

speleothems. Corrected ages appear in blue. another. h 1I5 Springer, G.S., Rowe, H.D., Hardt, B., Edwards, R.L., and Cheng, H., 2008. Solar forcing of Holocene droughts in a stalagmite record from West

Age (kyrBP) Virginia in east-central North America. Geophysical Research Letters 35, L17703. doi:10.1029/2008GL034971

Hardt, B., Rowe, H.D., Springer, G.S., Cheng, H., Edwards, R.L., 2010. The seasonality of east central North American precipitation based on
three coeval Holocene speleothems from southern West Virginia. Earth and Planetary Science Letters 295, 342-348.

CCC7-2 3383 £0.4 3379 +68 555.7 £11.2 713.5 £1.7 0.3366 +0.0008 23495 +65 23330 +133 + 23270 +133

CCC-001

sphere Westerlies (NHW) and the Bermuda
High (BH).

3000 kilometers
i

Wang, Y.J., Cheng, H., Edwards, R.L., An, Z.S., Wu, J.Y., Shen, C-C. 2001. A High-Resolution Absolute-Dated Late Pleistocene Monsoon Record
from Hulu Cave, China. Science, 294, 2345-2348.




