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Abstract: Ratios of the oxygen isotope δ18O can be used as a proxy to determine the climate 

conditions of the past, as very low levels of δ18O are indicative of a wet climate, while higher 

levels signify that the climate of a particular region is drier. For this project, the levels of δ18O 

collected from stalagmites within the cave Kartchner Caverns in Cochise Country, Arizona, are 

collected and dated through uranium-thorium dating in order to produce an age model that shows 

the changes in the levels of δ18O for this site for the last 2,700 years. This age model is then 

compared to previously produced age models from other caves in Arizona and New Mexico, as 

well as with tree ring data in order to provide a more complete look at the recent climate of the 

region. The Kartchner Caverns age mode provided the most similarities with the other 

speleothems from southern Arizona, while only being weakly comparable to the age models 

produced from the New Mexico caves as well as the dendrochronological data.  

 

Introduction: Understanding historical patterns of drought is vital for the long term viability of 

the population that resides in the Southwestern United States. According to the U.S. Census 

Bureau, 58.6 million people live in this region (2013), so it is important to try and understand the 

factors that affect the supply of this water. Several years of continued drought would likely cause 

the lifestyles of people living in the major cities affected by this drought such as Phoenix, Las 

Vegas, Los Angeles, and Tucson among others. There is a precedent of drought forcing people 

out of the American Southwest, as many archeologists that specialize in the region believe that a 

long drought that occurred in the late 13th Century caused the cliff dwelling people of the four 

corners region, builders of large communities such as Chaco Canyon and Mesa Verde, to 

abandon these settlements because they could not sustain their livelihood in periods of extended 

drought (Reid and Whittlesey, 1997). Understanding the past drought patterns of this region are 



essential in order to develop policies involving water so that the region will be able to 

comfortably maintain its population and continue to thrive. To develop a long-term perspective 

on drought, I present here a reconstruction of the last 2,700 years of climate based upon 

speleothem data collected from Kartchner Caverns in Cochise County, Arizona.   

The southwestern United States is made up of many different climate zones and 

elevations, but the one common factor for the region is the low levels of precipitation that falls 

on the region. Average yearly rainfall totals throughout the region range from 127mm to nearly 

500mm, with the overall average for Arizona being 322mm and the overall average for New 

Mexico being 340mm (Sheppard et al., 2002). At the closest observation point to the data 

collection site Kartchner Caverns, Benson, Arizona, the average amount of total precipitation is 

288.04mm (Western Regional Climate Center). Within Arizona, there is a clear seasonality in the 

timing of the rainfall, as the area experiences precipitation peaks in the summer, with dry springs 

and autumns, and moderately wet winters (Sheppard et al., 2002). The winter precipitation is 

more important for groundwater recharge and reservoir filling because winter precipitation is 

slower and comes in the form of snow at higher elevations, as opposed to summer rains, which 

are sudden and usually occur too quickly for very much water to seep into the groundwater 

supplies (Sheppard et al., 2002). 

Winter precipitation in the southwestern United States is also strongly impacted by the 

effects of the El Niño Southern Oscillation effect, as during El Niño years, the region is subject 

to wetter, warmer winters, and in non-El Niño years, the southwest becomes cooler and dryer 

(Sheppard et al., 2002). Another factor that affects winter climate in this region is the result of 

southwest troughing, which is when a low pressure trough forms over the Southwest and brings 

the circumpolar vortex down to these lower latitudes and causes an increase in precipitation in 



the region as a result (Sheppard et al., 2002). The Pacific Decadal Oscillation also affects the 

region’s climate, causing higher winter precipitation levels to occur in years in which the water 

temperature in the northern Pacific Ocean is warmer than average (Sheppard et al., 2002). The 

Pacific Decadal Oscillation is similar to ENSO in that it is a cycle that impacts the precipitation 

of the Southwestern United States, but it operates at longer scales than ENSO, typically having 

50-80 year cycles (Sheppard et al., 2002). ENSO patterns during the high periods of the PDO are 

amplified as a result of the stacking of these two climate patterns (Sheppard et al., 2002). The net 

result of all of these climatic forcing factors is that they produce a southward displaced westerly 

storm track that impacts the level of precipitation that impacts the Southwestern United States 

and Northern Mexico.  

The Southwestern United States has a short record of human observations of drought, so 

other types of climatic data must be used in order to produce a long term record of regional 

drought. One type of paleoclimate data commonly used for the reconstruction of drought is 

dendrochronology, the use of tree rings in order to determine the climatic conditions during the 

times in which the tree rings were formed. Tree rings are usually measured by the thickness of 

their annual bands, with thicker bands meaning that a particular year was wetter (Cook et al., 

2004) As a result of this effect, climate reconstructions can be produced because the ring 

thicknesses indicate a relative amount of precipitation (or other climate conditions) for a 

particular year. A newer approach to the study is to separate the annual ring thickness into early 

wood and late wood components to see how the seasonal precipitation such as the summer 

monsoon affects the growth of the tree rings (Stahle et al., 2009). As a general rule, thicker 

segments of tree rings indicate higher amounts of precipitation, so the total precipitation that 



occurred at a particular spot can be reconstructed based upon the thicknesses of the tree rings 

(Stahle et al., 2009). 

 Another type of proxy data that can be used to reconstruct past climates is speleothem 

analysis. Here, we develop a new speleothem record from Kartchner Caverns in southern 

Arizona in order to better provide a climate record for the southwestern United States. 

Speleothems yield paleoclimate records because they preserve isotopic signatures from the 

rainfall that occurs above the caves. These isotopic records are able to account for more factors 

than dendrochronology can, such as seasonality and evaporative effects, so they are an effective 

complement to tree rings in building a regional paleoclimate history (Lachneit, 2009). The 

speleothem of δ18O allows for an estimate of precipitation to be made because more negative 

δ18O values appear during wetter periods (Lachneit, 2009). The δ18O can also be affected by 

climate related factors such as air temperature and rainfall seasonality (Lachneit, 2009).  Isotopic 

data from dripwater collected since March 2011 indicate that the water that infiltrates this cave is 

almost entirely made up winter precipitation (low δ18O values). As a result, summer rainfall is 

less significant in this study, but it may have an effect because the cave was observed to be 

wetter than normal after storm events in September of 2014. Higher levels of precipitation yield 

less of the heavier 18O isotope because during precipitation events, heavier molecules rain out 

earlier. As storms continue to deliver precipitation, less δ18O isotopes remain and the 

precipitation accrues at the Earth’s surface. This is compounded by preferential evaporation of 

the lighter δ16O during events with low rainfall totals. Thus precipitation amount has an inverse 

correlation to its δ18O value. This variability is then translated into the speleothem as a result 

(Lachneit, 2009).  This water infiltrates through soil that separates the roof of the cave from the 

surface of the Earth. The dripping water contains dissolved materials that build the stalagmites, 



and the constructed stalagmites preserve the δ18O of the dripwater that produced the stalagmites 

(Lachneit 2009).  

 

Methods: In this project, samples are collected from a stalagmite from within Kartchner 

Caverns(35.8375˚N, 110.3472˚W), and these samples are then cut into slabs for drilling. The 

slabs are drilled at 100µ intervals that produce the 80-200µg of powder that is run through the 

mass spectrometer. Every second sample is analyzed in order to see the changes of the δ18O 

without filling the data with the noise that having more samples would produce. The samples are 

mixed with H3PO4 and then carried by He gas through a continuous flow separation system into 

a Delta+ isotope ratio mass spectrometer for isotopic analysis. After all of the cave samples have 

been analyzed, the data is then processed and an age model is produced for it using uranium-

thorium dating. The age model is constructed using the StalAge program, a program that is used 

to produce age models from speleothems and is considered to be the most accurate and 

reproducible program for this type of data (Scholz and Hoffman, 2011) . This produced age 

model allows the data to be compared to other datasets that already been made that have known 

time data. The cave data is then be compared against datasets from the different climate proxies 

in order to determine how similar the record from Kartchner Caverns is to the other datasets. The 

other datasets include different types of data from Arizona and New Mexico. The New Mexico 

datasets include Pink Panther Cave (Latitude 32˚05’N; Longitude 105˚10’ W) (Asmerom et al., 

2007) and Bat Cave room 11 within Carlsbad Caverns National Park (32.17˚N, 104.44˚W) 

(Polyak and Asmerom, 2001), (Rasmussen et al., 2006), (Asmerom et al., 2013). Also from New 

Mexico is a dendrochronology dataset collected from El Malpais National Monument (34.88˚N, 



108.05˚W) (Stahle et al., 2009). Other Arizona data comes from Cave of the Bells (31.73˚N, 

110.77˚W), and from Fort Huachuca Cave (undisclosed location). 

 

Results: The speleothem data from Kartchner Caverns produced from the StalAge program 

shows that there is a high degree of variability in the δ18O isotope over the last 2,700 years 

before 2013 (Figure 1). There is a high level of error within this age model because of the low 

levels of uranium are present within Kartchner Caverns, causing a high degree of uncertainty. 

Uncertainty levels for the ages averaged a positive error of 437.36 years, and a negative error of 

412.03 years. As a result of this error, a particular sample dated at 1,000 years before 2013 could 

actually have forms at any point between 588 and 1,437 years before the year 2013. This error is 

nearly 30 times more than the other observed Arizona caves that held sufficient levels of 

uranium to be precisely dated.   

      The average amount of δ18O isotope over this time period is -8.253‰, although the data 

ranged from -7.536‰ to -9.539‰. In this dataset, the more negative that a δ18O result is, the 

wetter that year was, and that the more positive that a δ18O result is, the drier that particular year 

was. Because current isotopic analysis in Kartchner Caverns indicates that the dripwater that 

forms the stalagmites that the data is taken from is made up of mostly winter precipitation, it is 

assumed that it is winter precipitation that the speleothem is recording through its δ18O record.  

         Although there are several differences in the datasets, the Kartchner plot produced a 

moderately similar pattern of the changes in the δ18O isotopes as the New Mexico datasets 

(Figure 2). Kartchner Caverns produced δ18O values are lower than the New Mexico cave δ18O , 

and this difference is likely the result of the different sources of moisture (Sheppard et al., 2002), 

as these two sub-regions have similar rainfall data (Western Regional Climate Center). There is a 



Figure 2 

much greater similarity between the Kartchner dataset and the Pink Panther Cave dataset than 

there is between the Kartchner data and the Bat Cave Dataset, although some of this may have to 

do with the Bat Cave dataset not going back as far in time and having gaps within its record. 

Like the New Mexico records, the Kartchner record shows the lowest concentrations of δ18O at 

roughly 1450-1500 years before 2013 A.D., and this indicates that it is these years that were 

likely the wettest in the American Southwest. The driest years according to these records were 

near 750, 1330, and 1560 along with a period from about 2000-2500 years before 2013, as these 

were where there were the least negative values of δ18O were present in the records. The 

Kartchner record is comparable to these datasets from Southern New Mexico, but the 

correspondence is not considered to be strong. 

         In comparing the Kartchner Caverns data to the tree ring data from east-central New 

Mexico, it appears that the data has more in common with the precipitation proxies that track 

winter rainfall (Figure 3) than the summer rainfall data (Figure 4). This is not unexpected 

because dripwater data collected from Kartchner Caverns from 2011 through 2013 show that the 

average δ18O level in winter is -8.4‰ while the average in summer is -5.2‰ (Cole, unpublished). 

Given that the long term results show that the concentrations of δ18O range from -7.5 to -9.5, it is 

clear that winter precipitation is the dominant factor in affecting the dripwater and stalagmite 

δ18O. There is very little variation in the amount of precipitation that the summer monsoon 

recorded by the late wood tree rings, and this lack of variation suggests that rainfall in this time 

period has little effect on the cave (Stahle et al., 2009).  These datasets also show an extended 

period of high rainfall from about 1600-1900, and again, the Kartchner dataset agrees with this to 

some level, although the Kartchner data is more finely smoothed than these other datasets. 



Again, there is some level of similarity between the Kartchner dataset and this climate proxy, but 

these results do not provide a strong correspondence between these datasets.  

       The dataset in which the Kartchner Caverns shows a strong correspondence with is the one 

featuring two other caves from southern Arizona, Fort Huachuca Cave and Cave of the Bells 

(Figure 5). In this data comparison, the pattern between Kartchner Caverns and the Fort 

Huachuca Cave is nearly identical, while Cave of the Bells expresses a similar pattern of the 

changes in the δ18O levels, but is not as close to identical as the other two caves are. A likely 

cause of the failure for these two caves to align identically with each other is that there was little 

uranium present in the pieces of drilled stalagmite. With low levels of uranium present, the 

dating of the samples produces a high level of uncertainty. It is much harder for the mass 

spectrometer to accurately measure the levels of uranium and thorium if there are very small 

amounts of these substances present. This error likely expresses itself in the period of time that 

runs from 1,200-1,600 years before 2013. In this time period, all of the Arizona caves show a 

gradual movement from a dry period to a wet one, but the Kartchner dataset appears to be 

slightly ahead of the Fort Huachuca Cave dataset for the timing of this climatic transition. 

Regardless of the possible error in the dating of the Kartchner dataset, it is clear that the 

Kartchner dataset has a strong correspondence with the other southern Arizona caves.  

      It is apparent that the isotope record found from the speleothems at Kartchner Caverns is 

more similar to the other caves located within southern Arizona than it is to the caves in southern 

New Mexico. A possible reason for this difference is that the moisture in these two locations is 

affected by different factors. The summer monsoon in Arizona is more affected by moisture from 

the Pacific Ocean and the Gulf of California, while in New Mexico the monsoon is more 

strongly influenced by the Gulf of Mexico (Feng et al,. 2014).  It is very likely that this 



difference in the origin source for this moisture plays a role in causing the New Mexico caves to 

have higher levels of δ18O than the Arizona caves.  

Conclusions:  

            The Kartchner Caverns speleothem data shows that the climate of the southwestern 

United States and more specifically, southern Arizona has fluctuated greatly over the last 2,500 

years. The region has experienced droughts that have lasted for upwards of 300 years, as well as 

wetter periods can last for slightly over 100 years. This long term climate change that this study 

further confirms that water supply in the sense that humans need it within this region is not a 

stable resource. This data shows that multi-decadal and even multi-century drought is a real thing 

in the recent natural history of the region, and this is important information for policymakers that 

deal with water resources in the region. Paleoclimate data such as this, in addition to models 

currently being used to project future climate in the region, are needed in order to make the right 

decisions with the region’s water resources so that civilization will be able to continue to thrive 

in this desert region for the distant future.   

Appendix:  

 
Figure 1: The age model produced from the speleothem data collected from Kartchner Caverns, 
created through the use of the StalAge modeling program. Values closer to the top of the graph 
in the vertical direction indicate wetter periods while values closer to the bottom of the graph 
vertically indicate dryer periods. 
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Figure 2: The Kartchner Caverns dataset as shown in Figure 1, combined with previously 
produced datasets from Pink Panther Cave (Asmerom et al., 2007) and Bat Cave room 11 
(Asmerom et al., 2013) from New Mexico. Here, the Kartchner dataset is represented by the red 
line, the dataset from Pink Panther Cave is represented by the blue line, and the Bat Cave dataset 
is expressed with the green line. Values closer to the top of the graph in the vertical direction 
indicate wetter periods while values closer to the bottom of the graph vertically indicate dryer 
periods. 
 

 
Figure 3: Kartchner Caverns data compared to precipitation reconstructions of winter rainfall 
from dendrochronology data collected at El Malpais, New Mexico (Stahle et al., 2009). The red 
line is the Kartchner data and the blue line is the reconstruction of the precipitation. Values 
closer to the top of the graph in the vertical direction indicate wetter periods while values closer 
to the bottom of the graph vertically indicate dryer periods.  
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Figure 4: Kartchner Caverns data compared to precipitation reconstructions of summer rainfall 
from dendrochronology data collected at El Malpais, New Mexico (Stahle et al., 2009). The red 
line is the Kartchner data and the blue line is the reconstruction of the precipitation. Values 
closer to the top of the graph in the vertical direction indicate wetter periods while values closer 
to the bottom of the graph vertically indicate dryer periods.  
 

 
Figure 5: A comparison of the Kartchner Caverns data with other Arizona cave datsets. The 
Kartchner data is shown with the green line, Cave of the Bells is depicted by the red line, and 
Fort Huachuca Cave is represented by the blue line. The dots in these colors and the black lines 
running through them show the level of error that exists within the dating of these cave samples. 
Values closer to the top of the graph in the vertical direction indicate wetter periods while values 
closer to the bottom of the graph vertically indicate dryer periods. 
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