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Abstract 

Little is known about the potential of organic substances found within cave sediments to provide 

useful reconstructions of past climatic changes. Here, we present a study of the carbon isotopes of fulvic 

acids extracted from sediments from a cave in west-central Florida. Fulvic acids are the most 

contemporaneous representation of soil humic substances derived from vegetation growing above the 

cave. Radiocarbon dating of these sediments constrains their depositional period to be late-Holocene. The 

range of the fulvic acid δ
13

C record shows the dominance of C3 vegetation during this period, but with 

changes in abundance and the shifting presence of C4 plants. The δ
13

C values record both the Little Ice 

Age and Medieval Climate Anomaly which produce drier and wetter conditions for Florida, respectively. 

Our conclusion that the stable carbon isotopic values of the cave sediment record as a proxy for 

vegetation change as driven by variability in precipitation is strongly supported by a comparison with the 

δ
13

C and δ
18

O values of two uranium-series dated speleothems from this part of Florida, with both being 

proxies for precipitation change.  

Keywords: cave sediments; Florida; paleoclimate; fulvic acids; speleothems; precipitation; vegetation 

change 

 

1. Introduction 

Sedimentary records from lakes, wetlands, rivers and coastal environments are useful for 

reconstructing the paleoclimates of the regions from which they were collected. Information to be gained 

from these proxies relies on changing assemblages and quantities of pollen or diatoms, varve thicknesses, 

types of macro- and micro-fossils, varying types of sediment or elements, the narrow climatic tolerances 

of various types of insects, and charcoal concentrations, amongst others (Bradley, 1999). Climatic data 

provided by these proxies include changes in temperature and precipitation, and the occurrence of floods, 

droughts, fires, and hurricanes. From these reconstructions, conclusions have been made of shifts in the 

location and intensity of major atmospheric-oceanic circulations and their related teleconnections (Haug 

et al., 2001; Knudsen et al., 2011; Nigam et al., 2011), changing fire regimes (Higuera et al., 2009; 
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Marlon et al., 2009), and even the fall of human civilizations (Haug et al., 2003; Hodell et al., 2005; Polk 

et al., 2007; Holopainen and Helama, 2009). Some of the above paleoclimate proxies only record 

occasional weather events of sufficient magnitude to generate clear changes in their depositional layers. 

Sediments deposited in caves by aeolian or fluvial processes are examples of such records.  

 Speleothem-based climate reconstruction has come to prominence since the advent of high-

precision uranium-series chronology using speleothem carbonate. The most commonly used proxy, the 

variability of 
18

O values in speleothem calcite, can result from multiple effects, including the local 

climate, moisture source variability, and changes in seasonal moisture.  Cave sediments provide 

complementary information on local climate and other variables, such as changes vegetation type and 

amount, landscape evolution, hydrology, and geomorphology (Ellwood et al., 1997; Springer et al., 1997; 

Ford and Williams, 2007). Cave sedimentation typically results from the allogenic deposition of surface 

soils into caves (Brinkmann and Reeder, 1995; Polk et al., 2007). Surface soils, primarily comprised of 

detrital clay, sand, gravel, organic matter, and other regionally specific clastic components, are 

transported into caves by overland flow, streams, gravity, or other natural processes. Sediments enter the 

cave through entrances, small fissures and cracks in the bedrock, sinkhole piping, enlarged conduits, and 

groundwater (White, 1988; Palmer, 2007). These sediments can span hundreds to millions of years of 

deposition (Granger et al., 2001). The main benefit of using cave sediments for paleoenvironmental 

research is their protected environment that prevents pedogenesis and in situ alteration (Ellwood et al., 

1997). Previous studies have focused on the physical analysis of clastic cave sediments, or using 

sediments to contextually constrain the timing of climate events or artifacts found within particular layers 

(Cordier, 1998; Foos et al., 2000; Courty and Vallverdu, 2001; Forbes and Bestland, 2007). 

Paleomagnetic dating of clastic sediments has been used to determine cave incision rates and providing 

chronologies for fossils found within caves (Sasowsky, 1995; Herries, 2006). Our study introduces a 

novel geochemical technique using a specific fraction of humic substances extracted from cave sediments, 

namely fulvic acids (FAs), to reconstruct changes in surface vegetation for the late Holocene in west-

central Florida.  
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Fulvic acids are common organic materials found in surface soils (Yanagi et al., 2002; Ussiri and 

Johnson, 2003) and their high resistance to microbial decay makes them ideal for paleoclimate 

reconstruction (Calderoni and Schnitzer, 1984, Zech et al., 1997; Polk et al., 2007). They adsorb onto 

clays and other particles that allow their inclusion in cave sediments (Zech et al., 1997). In addition, they 

are the most contemporaneous fraction of soil organic matter, so their inclusion in the cave sediments 

allows for the reconstruction of vegetal change at the time of their deposition (Zech et al., 1997; Zalba 

and Quiroga, 1999; Webb et al., 2004; Dai et al., 2006; Polk et al., 2007).  

     Nissenbaum and Schallinger (1974) have shown that the carbon isotopes of soil FAs are the 

isotopic-equivalent of the vegetation contributing organic matter to the soil within which it is growing. 

Paleoecological information is derived from these isotopes because their isotopic composition is 

controlled by local plant matter that forms in equilibrium with the soil CO2 (Quade et al., 1989). In 

addition, other studies have found that variations in the δ
13

C recorded in cave sediments provide a record 

of vegetation change above the cave (Schwartz et al., 1986; Clapp et al., 1997; Panno et al., 2004). Shifts 

in vegetation between C3 and C4 plants are recorded in the δ
13

C signal present in the organic matter 

trapped in the cave sediment layers (Clapp et al., 1997; Schwartz et al., 1986). Therefore, it is expected 

that the FAs δ
13

C record of the cave sediments will be an accurate natural tracer of surface vegetal change 

over time, which is driven by precipitation.  

Preliminary research we carried out on the carbon isotopes of FAs to reconstruct 

paleoenvironmental change in Belize led us to believe that this technique has merit, and that additional 

work was warranted. That investigation, using a low-resolution record of δ
13

C of FAs extracted from cave 

sediments, determined that shifts in tropical vegetation were caused by the periodic occupation of the 

study area by the local Maya people (Polk et al., 2007). Available regional and local paleoclimate records 

used for the independent confirmation of our results were lacking in their chronological accuracy, 

however, thereby somewhat restricting the ability to test the robustness of our proxy against other existing 

records. Consequently, for this study we selected a cave close to an area with well-dated speleothem 

records, which are shown to record changes in precipitation over the last three millennia (van Beynen et 
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al., 2007a, 2007b). Our period of investigation is the late Holocene, an interval known for two abrupt 

changes in climate, the Little Ice Age (LIA) and Medieval Climate Anomaly (MCA). These two events 

have the potential to drive changes in the local climate of the magnitude to cause a response in surface 

conditions that could then be recorded in the FAs isotopic signal. Our specific aim is to construct a record 

of changes in the δ
13

C values of FAs over the last three millennia and compare this record to two 

speleothems from the local area in order to evaluate whether the FA carbon isotopes record known shifts 

in the regional paleoclimate.    

2. Study Area 

Our study was conducted in west-central Florida where the majority of Florida’s air-filled caves 

are formed within the Brooksville Ridge and Ocala Uplift region (Florea et al., 2007a). Jennings Cave is 

located in Marion County, approximately 15 kilometers west of Ocala (Figure 1), and has an 8 m-deep, 2 

m-wide vertical entrance that opens into several fracture-controlled vadose passages totaling ~200 m in 

length. The cave is ~30 meters above sea level and lies between the Ocala and Eocene limestones (Lane 

and Hoenstine, 1991; Florea, 2006). Some sediment enters the cave through thin fractures and conduits 

that extend upward several meters into the cave ceiling. However, as observed during rain events, the vast 

majority of sediment is washed in through the vertical entrance shaft. Sedimentation on the cave floor is 

widespread throughout the cave and is several meters in depth.  

 This region is characterized by notable karst features including a high density of sinkholes as well 

as dry valleys, caves, and interfluvial hills (Reeder and Brinkmann, 1998; Florea, 2007b). The geology 

consists of the fossiliferous, highly karstified Ocala Limestone and is intermittently covered (~8 to 10 m 

thick) by the Hawthorn Formation’s undifferentiated clays and sands, which overlie most of the state’s 

limestone (Florea et al., 2003; Lane and Hoenstine, 1991). Plio-Pleistocene quartz sands, clayey sands, 

and clays of varying depth overlie the Hawthorn in some locales (White, 1970).  

  The climate of the west-central Florida is humid-subtropical, with an average annual temperature 

of 22° C (yearly range of 22.4 C) and an average annual precipitation total of 1,300 mm (seasonal 

difference of ~140 mm) with clear seasonality in both (SE Regional Climate Center).  Vegetation of this 
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region is predominantly flatwood and mixed hardwood forests (Watts and Collins, 2008). This type of 

forest includes longleaf pine (Pinus palustris), slash pine (Pinus elliottii), turkey oak (Quercus laevis), 

live oak (Quercus virginiana), saw palmetto (Serenoa repens), wire grass (Aristida sp.), ericads, species 

of Holly (Ilex), forbs, and various scrub vegetation. The soil above the cave is the Candler fine sand series 

(Watts and Collins, 2008).  

 

3. Materials and methods 

3.1 Core extraction 

 In 2007 a trench was dug across the widest part of the main southwestern passage to ensure that 

the sediments were consistent in layering down-profile (Figure 2) thereby negating the need for multiple 

cores. Figure 2 illustrates the consistent and contiguous nature of the sediment across the passage. A 10 

cm-diameter schedule 40 PVC core was taken at the end of the main southwestern passage in the cave 

floor next to the trench near the southern cave wall of the cave. The width of the core minimized sediment 

compaction and deformation and allowed for a sampling resolution of 1 cm, layer-averaged values for 

analyses and eliminated any minute intracore discrepancies in sediment deposition.   

The core was cut lengthwise with one half sliced into 1 cm sections and classified for color, layer 

properties, grain type, texture, and any other discernible properties. The second half was refrigerated and 

kept intact for later inspection. Approximately 0.5 grams of charcoal, seeds, wood, and other organic 

matter was collected from layers with sufficient material to establish a chronological record of deposition. 

Radiocarbon analysis was carried out at BETA Analytic in Miami, Florida, using Accelerator Mass 

Spectrometry (AMS). Dates were calibrated to calendar ages using the CALIB 5.0.1 program and the 

INTCAL 04 radiocarbon database (Talma and Vogel, 1993; Stuiver et al., 1998; IntCal04, 2004). 

3.2 FAs δ
13

C Analysis 

  The FAs were extracted from the sediment for C isotope analysis according to a modified 

method of Hiradate et al. (2006). Initially, 5 g of each 1 cm increment of sediment was ground, and then 

mixed in a 1:10 soil to 0.1 M NaOH ratio in 55 mL polypropylene centrifuge tubes. The samples were 
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shaken for 24 hours, after which they were centrifuged for 15 minutes at 10,000 rpm. Decantation into 

separate flasks followed and the process was repeated. The collected supernatants (mixed crude humic 

and fulvic acids) were acidified to a pH of 1.0 with 4 M HCl, stored overnight and then centrifuged at 

10,000 rpm for 15 minutes to remove the precipitated humic acids.  Samples were then filtered through a 

0.2 micron pore-sized filter membrane and the supernatant was neutralized to a pH of 5.0 and left 

overnight. The precipitated FAs were collected by centrifuging at 6,000 rpm for 15 minutes, placed in a 

deep-freezer at -75° C and left overnight. Completion of the drying process was performed by placing the 

FA samples in a Labconco Lypholizer Vacuum Freeze-Dry System for 72 hours, until they became 

powdered and crystalline. The powdered FAs were placed in sealed containers and kept cool and dry until 

they were analyzed.  

 The δ
13

C of the FA fractions were analyzed on a Carlo-Erba NA2500 Series II EA coupled to a 

ThermoFinnigan Delta+XL IRMS in continuous flow mode located at the USF College of Marine 

Science Paleoclimatology, Paleoceanography and Biogeochemistry Laboratory in St. Petersburg, Florida. 

Samples of ~30 μg were placed in tin boats and dropped from a Costech Zero-blank Autosampler into the 

EA combustion furnace thermostatically stabilized at 1000°C, where they were combusted with an excess 

of UHP O2. Combustion products were entrained in a UHP He carrier stream and passed through a 

reduction furnace (to remove excess O2 and reduce NOx to N2), a water trap and a GC column (3m, 0.25" 

dia. 5A mol sieve) before entering the IRMS via an open-split interface (ThermoFinnigan ConFlo II). 

Analyzed gases were measured against reference gases (UHP N2 and UHP CO2) and are expressed in per 

mil (‰) relative to their respective reference materials (VPDB for δ
13

C). Estimates of analytical precision 

were obtained by replicate measurements of internal lab reference materials and yield a precision of ± 

0.3‰ for δ
13

C. 

 

4. Results and Discussion 

4.1 Sediment Core 
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  The Jennings Cave sediment core J1-07 contains primarily allogenic inputs with no prominent 

autogenic contributions being detected. J1-07 is representative of the entire accumulation of sedimentary 

sequence in the main section of the cave as seen by the excavated trench dug across the passage exposing 

the consistent lateral sediment layers (Figure 2). Close examination of the core revealed an episodic 

pattern of deposition with recurring sand - organic layers. These are somewhat alternating and varved in 

nature, although not consistently throughout the entire depth of the core. The core consists of 64 fine sand 

layers, 69 organic matter layers (comprised of silty, clayey, organic-rich sand), 16 mixed sandy organic 

layers, and 2 orange iron-stained clayey-sand layers, all of varying thicknesses and fairly abrupt horizons. 

Quartz sand, based on qualitative HCl fizz testing, is the dominant sediment as it is present within every 

layer in varying amounts which is to be expected in west-central Florida where Quaternary quartz sand 

dominates the soil matrix (Watts and Collins, 2008).  

4.2 Radiocarbon Dating 

 Nine radiocarbon dates of charcoal, wood, seeds, and organic matter, and a rabbit jawbone 

extracted from the core create the chronology for the age model of sediment deposition (Table 1). Fourth-

order polynomial regression (r
2
= 0.987, p<0.001) provides a robust record of deposition (Figure 3) with a 

tightly constrained chronology equivalent to similar lacustrine and marine sediment studies in its 

sedimentation rate and character (Curtis et al., 1998, 1999; Hodell et al., 2005).  

The J1-07 FAs δ
13

C values vary from -21.1 to -34.5‰, a range of ~13‰, which indicates notable 

changes in the surface vegetation for the past 3,000 years (Figure 4). This range of values falls within 

predominantly a C3 vegetal assemblage, a result to be expected for a humid, subtropical environment 

(Webb et al., 2004). During the Holocene Neoglacial from 1,500 to 3,000 cal yr BP, the isotopic record 

averages ~24.5‰, albeit with brief excursions at ~1,600 cal yr BP (-21.1‰), 1,800 cal yr BP (-21.4‰), 

1,950 cal yr BP (-28‰) and 2,150 cal yr BP (-28.8‰). From 1,200 to 800 cal yr BP the δ
13

C values trend 

towards a maximum depletion value of -34.5‰, after which they rise sharply to enriched values of -

21.1‰ by 500 cal yr BP. Finally, the carbon isotopes then trend towards more negative δ
13

C values to the 

present day -24.5‰.  
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Changing climate is the most important controlling factor of vegetation type, with C3 plants 

representative of wetter environments and C4 plants indicating drier conditions (Panno et al., 2002; 

Dawson et al., 2002; Huang et al., 2006). The difference in δ
13

C values occurs from the preferential 

discrimination or incorporation of 
13

C during photosynthesis, with C3 plants having more depleted δ
13

C 

values (avg. -27‰) and C4 plants being more enriched in 
13

C, with δ
13

C values averaging -13‰ (Martin et 

al., 1990; Boutton et al., 1998; Wynn et al., 2005; Huang et al., 2006). The isotopic signatures of 

vegetation translate relatively unaltered to the soil organic matter (SOM) during decomposition, providing 

an isotopic record of shifts in the relative abundance of C3 to C4 plants comprising the local vegetation 

(Boutton et al., 1998, Vagen et al., 2005) (Figure 5). Consequently, a possible interpretation of the 

variability of the J1-07 FA δ
13

C values is that values depleted (enriched) in 
13

C indicates a wetter (drier) 

C3 (C4) - dominated environment (Pessenda et al., 2001; Panno et al., 2004; Huang et al., 2006; Polk et al., 

2007). Arising from this interpretation, the carbon isotopic records derived from the FAs analysis shows 

clear environmental changes during the depositional period of JC01-07. In particular, the FA δ
13

C isotopic 

values appear to be most consistent with changing ratios of C3-C4 plants. 

 Grimm et al. (2006) and Huang et al. (2006) have both proposed that Florida was dominated by a 

mixed C3 - C4 environment during the Holocene, which agrees with our interpretation. However, with 

Florida’s subtropical climate, a complete shift in dominance to either C3 or C4 vegetation is unlikely 

during the Late Holocene, but certain areas may have undergone periods of low tree abundance for long 

durations, such as open oak-grass savannas (Huang et al., 2006). The modern vegetation of west-central 

Florida is dominated by C3 plants, but with distinct concentrations of C4 vegetation in certain local 

environment (Watts and Collins, 2008). 

Another possible explanation is a temporal shift in dominance between oak (Quercus) and pine 

(Pinus) species (Grimm et al., 2006; Huang et al., 2006), as both vary slightly in their δ
13

C values, 

approximately 1-3‰. Shifts in the relative abundances of pine and oak have occurred over the last 50,000 

cal yr BP in Florida based on pollen assemblages from lake sediments (Watts et al., 1992; Grimm et al., 

2006). However, these records extend into the last glacial period, whereas the J1-07 record spans the 
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relatively stable Late Holocene climate, thus, it is unlikely that complete shifts in species dominance 

occurred in the study area during this time. The pollen record from the J1-07 sediment core shows that 

both species were present at the site but did vary in their relative abundances throughout most of the 

record (Figure S1.). Consequently, the shifting abundance of these two species is caused by changing 

climate appears to be the driving force behind in the sedimentary δ
13

C values.  

4.3 Paleoclimatic interpretation of the JC01-07 FAs δ
13

C record 

 The Little Ice Age (LIA, ~250 to 650 cal yr BP) and Medieval Climate Anomaly (MCA, ~800 to 

1,200 cal yr BP) (Broecker, 2001) are intervals of pronounced climate shifts during the Late Holocene. 

Prolonged excursions in the J1-07 FA carbon isotopes correspond with these two events (Figure 4) with 

more negative (positive) δ
13

C values during the MCA (LIA) indicating a wetter (drier) climate and a 

possible increase in the abundance (decline) of C3 vegetation. The timing of both events as recorded in the 

cave sediments closely agree with other climate studies (Haug et al., 2001; Broecker, 2001; van Beynen et 

al., 2007a, 2007b).  

 A speleothem isotopic record from Briar Cave, ~15 km southeast of the Jennings Cave (van 

Beynen et al., 2007a), allows a local comparison with the J1-07 FA δ
13

C record of vegetation and 

precipitation changes over the last 3,000 cal yr BP. The speleothem carbon isotopes (BRIARS04-02) are a 

record of the carbon signal derived changes in soil productivity above the cave reflecting variable 

amounts of precipitation. The J1-07 and BRIARS04-02 δ
13

C records show close agreement (Figure 6) 

illustrating a regional shift in the vegetation driven by changing precipitation for both the MMP and the 

LIA. Although the BRIARS04-02 δ
13

C values deviate less (-8.5‰ to -11‰) than the Jennings Cave 

sediment values, this is a result of the interaction of percolating water through the soil with bedrock 

before it enters the cave, thereby dampening the range in the speleothem δ
13

C values (Fairchild et al., 

2006). The close temporal coherency of the J1-07 and BRIARS04-02 δ
13

C records also is indicative of the 

fulvic acids being a contemporaneous proxy for vegetation change. There is little discernable lag between 

the timing of variations in the two records, with the dating of the speleothem δ
13

C values providing an 

absolute chronology of the changing climatic conditions influencing both proxy records.  
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 The correspondence between both records relies on the mechanism of enrichment (depletion) in 

13
C by C3 plants in response to drier (wetter) periods due to changes in their photosynthetic process during 

these variable climatic conditions (Boutton, 1996; Turney et al., 2001; Dawson et al., 2002). The δ
18

O 

records from two speleothems from different caves, BRIARS04-02 and BRC03-02, are established 

records of precipitation variability: the more (less) negative values are indicative of wetter (drier) periods. 

Their common signals show the changes in precipitation are regional (van Beynen et al., 2007a , 2007b). 

To confirm that the J1-07 FA δ
13

C record is driven by changing precipitation, there must be close 

agreement between the speleothem δ
18

O and sediment δ
13

C records (Figure 7). The match of the J1-07 

sediment FA δ
13

C to the BRIARS04-02 stalagmite δ
18

O curve is stronger than for the BRC03-02 

stalagmite δ
18

O curve because of the close proximity of Jennings and Briar Caves. BRC is located ~65 km 

southwest of Jennings Cave. In addition, discrepancies between the records are likely attributable to both 

a lag in the vegetation’s response to shifting climate and the respective records age models. However, the 

correspondence of all three records supports our initial conclusion that the J1-07 FA δ
13

C record does 

indicate long-term changes in regional climate for the Late Holocene in west-central Florida.   

5. Conclusions 

Agreement between the J1-07 FA δ
13

C and the BRIARS04-02 and BRC03-02 δ
18

O records 

demonstrates the influence of changing amounts of precipitation on vegetation in west-central Florida. 

With the subtropical climate of the region, a wholesale shift of C3 to C4 vegetation is unlikely. It is more 

probable, based on the range of the J1-07 δ
13

C values, that there was a change in the ratio of pine/oak with 

both falling within the C3 grouping, and varying contributions of C4 plants during drier phases. This 

finding concurs with the pollen record for the sediments. Returning to the main objective of this paper, we 

conclude that the J1-07 δ
13

C values of fulvic acids from cave sediments are a record of changing climatic 

conditions and are worthy of further study. Research of this nature at higher resolutions and with accepted 

major shifts between C3/C4 vegetation would cement this novel technique as a viable proxy record. When 

speleothems and surface paleoclimate records are not available, the carbon isotopic record extracted from 

cave sediment FAs may provide the only attainable paleoclimatic information for a region.  This work 
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demonstrates the strength of the combined cave sediment-speleothem isotope proxy approach to climate 

reconstruction.    
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Figure Captions 

Figure 1. Study area map. Location of Jennings Cave, Marion County, Florida. 

 

Figure 2. J1-07 core and in-cave trench. On the left is a photo of the J1-07 core with 10 cm intervals 

marked along its length. The photo on the right is the trench dug across the cave passage prior to coring 

demonstrating continuous layering.  

 

Figure 3. The J1-07 age model. The age model is based on nine radiocarbon dates using 4th order 

polynomial regression.  

 
Figure 4. Sediment core δ

13
C data. Fulvic acid δ

13
C data from the J1-07 sediment core, indicating periods 

of variability between wetter and drier conditions through the Late Holocene. The Medieval Warm Period 

and Little Ice Age are denoted as excursions in the isotopic record, where more negative δ
13

C values 

indicate wetter conditions, and less negative δ
13

C values occur during drier periods.  

 

Figure 5. Theoretical model of sediment deposition under changing climatic conditions, wherein carbon 

isotope values are controlled by the influence of C3 or C4 plants.  

 

Figure 6. Cave sediment and speleothems comparison. A comparison between the J1-07 and BRIARS04-

02 speleothem δ
13

C records.   

 

Figure 7. J1-07 proxy comparisons. A comparison between the J1-07 sediment core, BRIARS04-02 and 

BRC03-02 (low-resolution) δ
18

O shows close agreement.   

 

Figure S1. J1-07 pollen data. Percent abundance of pollen of major taxa vs. depth for J1-07 core from 

Jennings Cave (age in cal yr BP plotted next to depth). Boundaries of pollen zones are visible based on 

CONISS results. No pollen was available for analysis where the gray line crosses the chart. 
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Table 1. Radiocarbon ages for core J1-07 Core from Jennings Cave. Calibrations are based on the CALIB 

5.0.1 program and the INTCAL 04 radiocarbon database (Talma and Vogel 1993; Stuiver et al. 1998; 

IntCal04 2004). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sample ID Depth (cm) Description Age (
14

C yr 

BP)

± (1σ) Age (cal yr BP) ± (2σ)

BETA-228643 1.5 Charcoal Post-bomb 0.4 pMC 50 -

BETA-228644 2.5 Charcoal 370 40 340 40

BETA-228645 15.5 Wood 610 40 600 40

BETA-228656 36.5 Charcoal 1560 40 1560 40

BETA-28647 51.5 Organics 1610 40 1580 40

BETA-228648 63 Charcoal 1930 40 1820 40

BETA-228649 82.5 Charcoal 2210 40 2210 40

BETA-228650 100.5 Organics 2680 40 2670 40

BETA-228651 104 Jaw Bone 2650 40 2710 40

AMS radiocarbon dates from J1-07, given in cal yr BP. 
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Polk- Chem Gly Highlights 

 

 We test the use of cave sediments for paleoclimate reconstruction. 

 We compared the results to stalagmite isotopes in Florida. 

 Carbon isotopes of fulvic acids in cave sediments records changes in vegetation. 

 This method is a novel approach proven to work well in this region.  


