Study Proposal

INTRODUCTION

Title: Speleothem Records of Late Quaternary Paleoclimate and Lake Bonneville Lake Level Fluctuations, Eastern Great Basin, USA

Date of Proposal: 4/9/04

Investigators: 

· Jeremy Shakun: Master’s candidate – University of Massachusetts, Amherst

   jshakun@geo.umass.edu
   413-549-9489

   16 Brandywine Dr. Apt. 10E

   Amherst, MA 01002

· Stephen Burns:  Associate Professor – University of Massachusetts, Amherst

   sburns@geo.umass.edu
   413-545-2286

   Geosciences Department

   Morrill Science Center South

   University of Massachusetts

   Amherst, MA 01003

Abstract:

Oxygen isotopic ratios from speleothems from various locations in Utah and eastern Nevada will be analyzed to infer past climates and climate changes in this region for the past several 100,000 years, as well as to better constrain the timing of Lake Bonneville lake cycles and lake level fluctuations.  Few continuous climate records exist from this area, and the proposed project would greatly increase the understanding of paleoclimates in this region by interpreting changes in precipitation patterns, amounts, and sources from speleothems.  Lake Bonneville was likely a source of huge amounts of lake-effect moisture to areas downwind of it, and because its isotopic composition was quite distinct from that of the oceans, isotopes in speleothems fed by Bonneville moisture should record when the lake was present and how its surface elevation fluctuated (because this would also influence the isotopic composition of the lake).  Also, most research on this topic has focused on the last ~30,000 years and dated climatic and lake events relatively imprecisely (due to the limits and errors of radiocarbon dating).  This study, however, will develop a chronology using U/Th dating, which is extremely precise (errors are often less than 1%) and able to date materials up to ~450,000 years old. Thus the goals of our work are (a) to constrain the timing of the relatively well-studied but imprecisely dated lake level fluctuations of the most recent lake cycle of Lake Bonneville (i.e., ~30,000 to 15,000 years ago), (b) to accurately date and document changes associated with previous lake cycles from the past few 100,000 years, which to this point has received scant attention and is poorly understood, and (c) to study Holocene (i.e., the last 10,000 years) climate at very high resolution, providing us with a better understanding of more recent climate change in the region and putting the modern climate into a historical perspective. The degree to which we are successful in meeting these goals will be dependent on finding speleothem samples of appropriate age.
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OVERVIEW

Statement of issue:


The Late Quaternary (i.e., the past few 100,000 years) paleoclimatic history of the eastern Great Basin and lake level fluctuations of Lake Bonneville will be investigated in this project by analyzing stable isotopes in speleothems from the region.  Many studies have shown that oxygen isotopic ratios (18O/16O) vary with climate and can be excellent indicators of past climate and climate change (i.e., Bradley, 1999).  There are two common isotopes of oxygen: 18O and 16O, which have atomic masses of 18 and 16, respectively. The ratio of these isotopes in precipitation has proven to be remarkably sensitive to cliamte. Changes in temperature, the amount of rainfall and the source of atnmospheric moisture all play a role in determining the 18O/16O ratio of precipitation.

The oxygen isotopes in precipitation are very closely refleted in the groundwater system after falling as rain or snow, and are accurately transferred to cave deposites which are precipitated as calcium carbonate (CaCO3) in the form of a speleothem when the groundwater enters a cave system.  Because speleothems grow with time, they provide a record of changes in the isotopic composition of precipitation, and have proven to be very powerful paleoclimatic tools and they are increasingly being used to study climate change over the past several hundred thousand years. Researchers have found speleothems to very faithfully record how wet or dry a time period was. In general, during wetter time periods the 18O/16O ratios of speleothem carbonate is reduced as compared to dry periods. One of the great advantages of using speleothems to study climate change is that they may be age-dated using U/Th disequilibrium techniques. U/Th dating is accurate to better than 1% and can be applied to samples as young as a few hundred years to over 400,000 years. By comparison, the maximum age range for Carbon-14 dating is about 40,000 years.

Studying numerous speleothems from throughout northern Utah and eastern Nevada can reveal how the amount of precipitation varied in this region during the Late Quaternary as well as how precipitation and moisture transport patterns changed during that time.  It will give the park a better understanding of the climatic conditions that controlled the evolution of the surrounding landscape and ecosystems as well as the development of the cave system during the Late Quaternary.  Also, climate change over more recent times (i.e., the last few thousand years) will be investigated using the speleothems.  This will shed light on the nature of climate and modern climate change in the region, putting the present climate in the context of climates that have existed here during the recent past, and perhaps ultimately providing the park with a sense of how the regional climate may change during the coming decades and centuries.


The second topic that this project will focus on is Lake Bonneville. By studying variatoins in the 18O/16O ratio of speleothem calcite over time, we will investigate when the lake existed during the Late Quaternary, to constrain the timing of lake level fluctuations, and to determine its impacts on the regional climate.  Lake Bonneville was a huge lake that covered most of western Utah and extended into eastern Nevada and southern Idaho (Figure 1).  It was roughly 90% the size of modern Lake Michigan and over 1000 feet deep.  It existed intermittently during the Late Quaternary, and is thought to have been present only during Ice Ages when the area was cooler and wetter.  When the lake was present, its surface elevation fluctuated dramatically, generally in response to climate forcing.  It thus waxed and waned as a function of both regional and global climate, and so study of the lake should provide insight into the nature of the climate system at these various scales.  Research has suggested that Lake Bonneville was a major source of lake-effect moisture when it was present, providing areas downwind of it huge amounts of precipitation (Hostetler et al., 1994).  Studies have found that snowlines during the last Ice Age were nearly 3000 feet lower in the Wasatch Range and western Uinta Mountains, which were directly adjacent to Bonneville, than in the eastern Uintas which were further downwind of the lake (Munroe and Mickelson, 2002; Shakun et al., 2003).  Since Lake Bonneville was formed by precipitation that was ultimately evaporated from the ocean, it would have had much lower 18O/16O values than ocean water.  Indeed, studies of tufas (limestone deposits) from Bonneville shorelines have found that the 18O/16O values of these tufas are 3-4 per mil lower than 18O/16O values of calcium carbonate precipitated from seawater (Nelson et al., 2003).  Thus, precipitation derived from Bonneville itself would have been extremely depleted in 18O as it had undergone the evaporation and consequent fractionation process twice, instead of just once like normal precipitation.  So, intervals of very low 18O/16O values in the speleothems represent times when Lake Bonneville was present and serving as a lake-effect moisture source.  Furthermore, changes in the precipitation-evaporation ratio, which controlled the size of the lake, would also have changed the isotopic composition of the lake, making it possible to discern lake level fluctuations from the oxygen isotopes in speleothems fed by lake-effect moisture.

Literature summary:

A fairly large body of literature has been published on Lake Bonneville since evidence of its existence was first recognized over 100 years ago, although not a single speleothem study addressing Bonneville and its paleoclimatic implications has yet been conducted.  Lake sediment cores show that Lake Bonneville existed numerous times since the Middle Quaternary, although the number of interpreted lake cycles ranges from four to 17 and their timing is quite uncertain (Eardley et al., 1973; Scott et al., 1983; Oviatt et al., 1987; Oviatt et al., 1999). Study of this topic, however, has focused almost exclusively on the most recent lake cycle, which occurred from approximately 30,000 to 15,000 years ago, because it is expressed the best geomorphically and because older lake cycles are beyond the range of radiocarbon dating (which is useful in dating material no more than ~40,000 years old).  Research has shown that the lake’s surface elevation fluctuated greatly on millennial time scales during this period, generally as a function of climate (Oviatt, 1997).  The timing of these lake level changes has been determined mostly with radiocarbon dating (Oviatt et al., 1992), which is relatively imprecise and often has errors of 5% or more.  The number and exact timing of these lake level fluctuations is still debated (Scott, 1979; Oviatt et al., 1987; Light, 1996; Currey, 2001; Godsey, 2001).  Speleothems, however, are dated using Uranium/Thorium (U/Th) dating, which is extremely accurate and has errors of less than 1% and often 0.5%.  Thus, a lake level fluctuation from 15,000 years ago could be dated to within a century using U/Th, while a radiocarbon age could be off by half of a millennium or more.  In studying climate change, extremely precise dates are essential because they allow the researcher to correlate changes from different parts of the climate system and from different geographic regions and to discern which is the cause and which is the effect.  Thus, the proposed project could provide extremely valuable information to the climate science community in better defining the Bonneville lake level chronology, which to this point has remained relatively unchanged and imprecise for several decades.


Past lake cycles have been very crudely dated using amino acid dating (Oviatt et al., 1999), which operates under a host of assumptions and provides more of a ‘ball-park’ estimate than an accurate, absolute age.  It is not known with any high degree of confidence whether or not precursors of the most recent Lake Bonneville actually existed during glaciations, as opposed to interglaciations.  Since glacial maximums are often separated from interglacials by only ~10,000 years, it is nearly impossible to know for sure under what type of global climate earlier lake cycles existed without using a high resolution dating technique like U/Th.  While the most recent lake cycle has received considerable attention, the other three (or more) have been basically neglected, and a truly comprehensive understanding of these huge, fossil Great Basin lakes and the climates that created them will not emerge until older lake cycles are studied.  There are few, if any, better ways to study these Bonneville precursors than using speleothems.  


In reference to studying more recent climate change in the region, certainly there could be no more pertinent time to do so than now.  With a nearly unanimous consensus among the science community on the likelihood of global climate change during the next century, due largely to human activities, it is extremely important to understand how climate has changed in the past and how the climate system operates (IPCC, 2001).  Speleothems from the region will show very accurately how precipitation has varied, and whether these variations have been cyclic over various time scales or show any long-term trends, which might indicate how climate is likely to change in the eastern Great Basin. 

Scope of study:

This project seeks to analyze speleothems from various locations in Utah and eastern Nevada, including Lehman Cave in Great Basin National Park, Timpanogos Cave National Monument, and other caves on U.S. Forest Service land in the Uinta Mountains, in order to develop a regional picture of climate and climate changes in this area (Figure 2).  It will likely address climate change on numerous time scales, including glacial-interglacial time scales (i.e., 100,000 years) down to century or even decadal time scales.   A major goal of the study is to connect the climate changes responsible for the growth and shrinkage of Lake Bonneville to global climate.  The theory that has held for the past half century states that the Great Basin lakes grew during Ice Ages when the presence of the Cordilleran and Laurentide Ice Sheets over Canada and the northern U.S. caused the jet stream, and therefore storm tracks, to be depressed to the south providing more precipitation there (Oviatt, 2002).  Again however, researchers have a poor understanding of the nature and timing of earlier lake cycles, and this project could serve as the best test of that theory since its creation in the mid-twentieth century.

Intended use of results:

The results of this project will be incorporated in Shakun’s Master’s thesis, and a paper summarizing the study will be authored by the two investigators and published in a scientific journal.

OBJECTIVES/HYPOTHESES TO BE TESTED

· To develop continuous climate records from Utah and eastern Nevada spanning the last several 100,000 years

· To study the nature of climatic variability in the region over the past 10,000 years

· To refine the Lake Bonneville lake level chronology for the most recent lake cycle

· To determine the timing and nature of earlier Bonneville lake cycles

· Test whether or not Lake Bonneville had a major affect on the climate of the eastern Great Basin and provided significant amounts of lake-effect precipitation to areas downwind of it

· Test whether the Late Quaternary pluvial lakes of the Great Basin are attributable to changes in atmospheric circulation associated with the presence of continental-scale ice sheets

METHODS

Description of study area:

The study area includes the northern part of the eastern Great Basin and extends slightly eastward into the Middle Rocky Mountain physiographic province.  Caves along a roughly latitudinal transect from eastern Nevada to northeast Utah will be studied.  More specifically, speleothems will be collected from Lehman Caves in Great Basin National Park (Baker, NV), Timpanogos Cave National Monument (American Fork, UT), and other caves in the Wasatch-Cache and Ashley National Forests in the Uinta Mountains of northeast Utah (i.e., Porcupine Cave near Kamas, UT, and Whiterocks Cave northwest of Vernal, UT) (Figure 2).  The proposed work will not take place in areas designated as “wilderness” by the NPS.

Procedures


Speleothems from the above-mentioned caves will simply be collected in the field.  Drip waters will also be collected from various locations in the caves in order to allow us to calibrate 18O/16O ratios from throughout the speleothems with the 18O/16O values of modern groundwater entering the cave system.  Tufas and/or gastropod shells from various shorelines of Lake Bonneville may be sampled and their 18O/16O values determined in order to gain a better understanding of the isotopic composition of Lake Bonneville at different times (since both are composed of calcium carbonate precipitated from Bonneville waters).  


Samples along the axes of the speleothems will be dated using U/Th dating in order to determine the time periods represented by the speleothems and the timing of geologic and climactic events recorded in the speleothems.  Speleothems covering the desired time range will be sampled along the length of the speleothem and the 18O/16O values of the samples will be calculated using the mass spectrometer at the University of Massachusetts.  18O/16O values of drip waters, and tufas and gastropod shells will also be determined using the mass spectrometer.  

Collections


We are interested in collecting up to 10 stalagmite pieces from existing 'speleothem graveyards' or otherwise collapsed stalagmites in the cave.  If large samples are present we are more likely to request only four or five stalagmites. Age determinations will be for the top and bottom of all samples. On the basis of their ages, specific samples will be selected for detailed measurement of 18O/16O ratios (up to 500 to 1000 analyses per sample). Samples not chosen for 18O/16O analyses can be returned to the Park in near-original condition should the NPS prefer we not keep them.  Only stalagmites will work for our purposes, and so we do not wish to collect other types of cave deposits such as stalactites or flowstones.  The stalagmites can be broken.  Ideally we would be allowed to remove or to sample by coring an active, standing stalagmite (which could be small and from anywhere in the cave, not necessarily from areas visited by the public). This sample would help us to calibrate the relationship between climate and speleothem chemistry. If the stalagmite is sampled by coring, we can then fill in the hole making it practically unnoticeable, although we understand that this may not be acceptable from the NPS perspective.  The larger the stalagmites we are allowed to take, the more likely we are to obtain a long record of climate since the length of a speleothem is directly related to the length of time it has grown.  Therefore, we would be interested in collecting the largest, broken speleothems we can find.


It will also be important to collect drip waters in order to determine the isotopic values of the modern system.  Very little is needed though; less than 10mL will be taken from approximately 15 different locations in the cave system and simply captured in small vials.  

Analysis


Once the oxygen isotopic ratios are determined for the entire length of the speleothems and an age model is constructed using the U/Th dates, the data will be analyzed.  The stable isotope values will be plotted in graph form making it possible to discern and trends or cycles in precipitation in the area.  Certain intervals, such as the past few thousand years, may be sampled at high resolution in order to determine precipitation variations over decadal time scales.  Drip water isotope values will serve as a benchmark, allowing us to compare past precipitation isotope values recorded in the speleothems with the isotopic composition of modern groundwater.  


In reference to studying Lake Bonneville, speleothems from Lehman Caves in Great Basin National Park will serve as a control since the caves are located west, and therefore upwind, of the lake; consequently, this area should not have been affected by Bonneville lake-effect moisture.  Timpanogos Cave was located only a few kilometers downwind of Bonneville’s eastern shoreline, and should thus have received incredible amounts of lake-effect precipitation, which will be recorded in the isotopes.  Speleothems from caves further east in the Uinta Mountains would have received increasingly less lake-effect snow as their distance from the lake increased, which should also be reflected in their isotopic composition.  Thus, sampling speleothems from different sides and different distances from Lake Bonneville will allow us to assess the nature and magnitude of the lake’s influence on the regional climate when it was present.


Previous research has already fairly well documented the timing of Bonneville highstands, lowstands, transgressions, and regressions.  Therefore, we can compare our isotope values from those times with known lake events.  This allows us to calibrate the speleothem records and see exactly what the Bonneville lake-effect signal looks like in general in terms of stable isotopes, as well as what transgression versus regression and highstand versus lowstand signals look like.  Then, we can look for these signals from throughout our well-dated speleothem records to determine times not only when Lake Bonneville existed, but when it was largest/smallest and rising/falling during the past few 100,000 years.

Schedule
Start of project: June 2004

Fieldwork: early summer 2004

Analysis: summer – fall 2004

Reporting: fall 2004 – spring 2005

Completion: May 2005

Budget
Travel/Lodging: University of Massachusetts Geoscience Department grant; funds 
already in Stephen Burns’ possession.

Isotopic Analyses: The mass spectrometer in the University of Massachusetts Geoscience 
Department Isotope Laboratory will be used.

U/Th dates: Samples will be dated at the University of New Mexico in collaboration with 
Yemane Asmerom (Associate Professor at UNM).

Retained speleothems: They can be kept for no cost in Burns’ Isotope Laboratory.

PRODUCTS

Publications and reports


The entire study will be covered in detail in Shakun’s Master’s thesis.  Copies of the thesis will be kept with Shakun, Burns, and the University of Massachusetts.  Additional copies will be provided to the NPS as requested. The project and results will also be written up in a scientific paper and published in a geological journal.  Lastly, the results of the study will be shared with the scientific community at geology conferences. Copies of all papers produced will be supplied to the park.

Collections

Unused, collected speleothems can be returned to the Park, while analyzed ones may be kept at the University of Massachusetts.  Or, all collected specimens, including analyzed and unanalyzed speleothems, can be sent back to the Park if the NPS finds that more suitable.
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Figure 1: Shaded relief map of Utah showing the location and extent of Lake Bonneville when it was at its maximum size around 15,000 years ago.
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Figure 2: Digital elevation models of Nevada and Utah showing the locations of speleothems to be studied in this project.  Lake Bonneville existed in the dark green, low elevation, low relief area in western Utah.

QUALIFICATIONS

Jeremy Shakun

Education:


· B.A. in Geology (summa cum laude) – Middlebury College, May 2003

· Geology M.S. Candidate – University of Massachusetts, Fall 2003 – Present 

Pertinent Research Experience: 

· Geologic mapping of one-half a 7.5’ quadrangle in the southern Uinta Mountains, Utah, funded by the EDMAP Program (USGS), Summer 2002

· Middlebury senior thesis – “Last glacial maximum equilibrium-line altitudes and paleoclimate, northeastern Utah”, Summer 2002 – May 2003 

· Winter coring of Water Lily Lake, southern Uinta Mountains, March 2003

Field assistant to a University of Wisconsin-Madison geology Ph.D. candidate in the Uinta Mountains, summers 2002 and 2003
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Stephen J. Burns

Department of Geosciences


Morrill Science Center


University of Massachusetts


Amherst, MA 01003, USA


tel. 413 -545-0142


e-mail sburns@geo.umass.edu
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B.A., Geology, 1980

Rice University, Houston, TX


W.A. Tarr Award (Outstanding Graduate in geology)

Senior Thesis title: A Flume Study of the Transport of Unsorted Sediments 

M.S., Geology, 1983

University of North Carolina, Chapel Hill, NC,

Thesis title: Sedimentary Processes of a Deep-water Carbonate Slope: Southern Little Bahama Bank, Bahamas
Ph.D., Geology, 1987

Duke University, Durham, NC,

Dissertation title: Three Studies of the Origin and Geochemistry of Dolomite
Work Experience

1/01-present, Associate Professor, University of Massachusetts


6/98-12/00, Associate Professor, Universität Bern


11/89-5/98, Assistant Professor, Universität Bern

1/88-9/89, Postdoctoral Associate, University of Miami

6/83-12/87, Research and Teaching Assistant, Duke University

8/80-5/83, Research and Teaching Assistant, University of North Carolina

5/80-8/80, Geophysical Technician, Esso Exploration, Houston, TX
Field and Shipboard Experience

Participated in 9 scientific research cruises including:



Antarctic - piston coring (12/15/79-01/20/80)



Bahamas - piston coring and high-resolution seismic work, multiple cruises



Bahamas - DSRV Alvin dives (06/07/82-17/07/82)



Amazon Deep Sea Fan - inorganic geochemist , ODP Leg 155 (04/15/94-06/15/94)



Marion Plateau, Australia - inorganic geochemist ODP Leg 194 




(01/05/2000-03/07/2000)


Extensive geologic field work including:



California, 6 weeks, numerous Monterey Fm. sections measured and sampled



Peru, 4 weeks, stratigraphic and exploratory work in Neogene coastal basins



Florida, study of diagenesis of modern shallow water carbonate sediments



Oman, variety of field-based projects over 8 year period, from

 


study of Precambrian carbonates to Recent speleothems



Switzerland, study of isotopic variation in peat bog plants



Yemen, several 2-3 weeks trips, speleothem based paleoclimate studies

Teaching Experience

Course given:



Low Temperature Geochemistry (Bern)



Carbonate Sedimentation and Diagenesis (Bern)



Marine Geology and Limnology (Bern)



Application of Stable Isotopes to Paleoclimate Analysis (Bern)



Introduction to Isotope Geochemistry (UMass)



Chemical Oceanography (UMass)



Introductory Geology (UMass)

Ph.D. Theses Supervised
Constanze Weyhenmeyer - The Hydrogeochemistry of the Batinah Coastal Plain, 



Northern Oman (PhD  2000, Universität Bern)

Guillemette Menot - A Study of the Relationship between Stable Isotopic  Composition and Climate in Modern Peat Bog Plants (PhD  20001, Universität Bern)

Dominik Fleitmann - Holocene and Late Pleistocene Climate of Southern Arabia,

A Study based on Speleothem Stable Isotope Analyses (PhD  2001, Universität Bern)

Laboratory skills
Petrographic analysis of carbonate rocks, major and trace element analyses of carbonate rocks using flame Atomic Absorption Spectroscopy and ICP-Emission Spectroscopy, quantitative XRD analyses. Chemical analysis of natural waters using AAS, ion-chromatography, automated titration systems, colorimetric wet chemical techniques.  Extensive experience with mass spectrometric analyses of carbon, oxygen, and hydrogen stable isotope ratios of waters and geologic materials, including design, set-up, and operation of Stable Isotope Laboratory, Universität Bern since 11/89-12/00. Currently director of Stable Isotope Laboratory, University of Massachusetts, Lab includes: Finnigan Delta XL+ ratio mass spectrometer, with automated on-line preparation systems for analyses of C and O isotope ratios of carbonates (Kiel III) and O and H isotope ratios of water; on-line continuous-flow system linked to elemental analyser for C, O and N isotope analyses of organic material; off-line preparation systems for  isotope analyses of DIC in water, H in organic material, and O and C isotopes in slow-reacting carbonates.

Memberships:
The Geochemical Society

American Geophysical Union

SEPM - Society for Sedimentary Geology

Grants and Awards
1992
The Isotopic Record of Terrestrial Environmental Change in Oman


S.J. Burns and A. Matter
58, 000 SFr. (1 USD ~ 1.5 SFr)  SEVA Fonds, Switzerland

1993
Magnetostratigraphy, Paleoclimatology, and Stratigraphic Development of the North Alpine Molasse


A. Matter, K. Ramseyer and S.J. Burns 
298,660 SFr. from Swiss Nationalfonds

1996
Origin and Evolution of Groundwaters within the Batinah Coastal Plain:  A Hydrogeochemical Approach


S.J. Burns, A. Matter and N. Waber
25,000 SFr.Ministry of Water Resources Oman

1997
Calibration of the Relationships between Environmental Parameters and the H, C, and O isotopic ratios of peat bog plants and application to Holocene paleoclimate analysis


S.J. Burns, B. Amman and W. Shotyk
121, 823 SFr. from Swiss Nationalfonds

1998
The History of the Monsoon in Arabia, A Speleothem-based Paleoclimate Record from Oman


S.J. Burns and A. Matter


186,913 SFr. From Swiss Nationalfonds

1999
Spatial and temporal variation of the H, C and O isotopic ratios of recent peat bog plants and application to paleoclimate analyses


S.J. Burns, W. Shotyk and B. Amman
108, 894 Sfr. from Swiss Nationalfonds

1999
Pathways and rates of organic carbon mineralization in peat bogs: the role of methanogenic processes


P. Steinmann and S.J. Burns


109, 455 Sfr. from Swiss Nationalfonds

2000
The history of the monsoon in Arabia II: Speleothem based paleoclimate records from Oman,


Yemen and Socotra Island


S.J. Burns and A. Matter


145, 783 Sfr from Swiss Nationalfonds

2000
Estimation of tropical temperatures during the last glacial maximum: A study based on noble gas concentrations of fossil groundwaters from th Najd region of southern Oman


S.J. Burns, R. Kipfer, and N. Waber

154, 492 Sfr from Swiss Nationalfonds

2001
Studies of dolomitization and fluid flow in platform carbonates of the Marion Plateau, ODP Leg 194 



S.J. Burns




$23,431 from JOI-USSAC

2002
The History of the Monsoon in Arabia, a Speleothem-based Paleoclimate Study


S.J. Burns




$244,302  from NSF

2003
A Holocene History of the El Nino/Southern Oscillation, Solar Variability, and the Central American Monsoon from Speleothem Calcite


M. Lachniet and S.J. Burns (Co-PI) 

$154,670 from NSF

Current Research Projects
Late Pleistocene and Holocene climate variation in southern Arabia - utilizes O and C


stable isotopes and U/Th dating of cave deposits to interpret paleoclimate

High-resolution study of Holocene climate of Central America using stable and radiogenic isotopes of speleothems

Paleoclimate change in the Lake Junin area of Peru - O and C stable isotopic study of authigenic lacustrine carbonates and lacustrine organic matter


principal investigator: Dr. Geoff Seltzer, Syracuse University
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