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INTRODUCTION 

Soils enriched in calcium carbonate are common 
throughout lower elevation (<1,830 m; <6,000 ft) sites in 
the Southwestern United States, especially where the cli-
mate is currently arid or semiarid. These soils, variously 
known as pedocals (old USDA nomenclature) and calcic 
soils (Machette, 1985), provide a means to determine the 
relative age of Quaternary deposits on a reconnaissance 
basis (see Birkeland, 1984; Birkeland and others 1991). If 
one could calibrate their rates of formation, then the 
development of calcic soils would provide a useful recon-
naissance tool for mapping and deciphering the 
Quaternary history of regions, including tectonic and cli-
matic events. This strategy has played an important part in 
regional analysis of Quaternary stratigraphy in the 
Southwest and specifically in the Rio Grande rift of New 
Mexico (Machette, 1985, table 2 and fig. 8). 

During the mid to late 1970's, the U.S. Geological 
Survey conducted geologic mapping in the central part 
of the Rio Grande rift of New Mexico (Fig. 1). As part 
of this effort, we described, sampled and analyzed more 
than 50 soils on Quaternary deposits in order to 
establish criteria for mapping different ages of deposits 
and for using calcic soils as a relative-age tool (see Figs. 2 
and 3). These data were used in two papers summarizing 
regional aspects of calcic soils (Bachman and Machette, 
1977; Machette, 1985), as part of detailed 1:24,000-scale 
mapping of the San Acacia 7.5-minute quadrangle in the 
southern part of the Albuquerque basin (Machette, 
1978a) and regional 1:250,000-scale mapping of the 
Socorro 1° x 2° quadrangle (Machette, 1978b). In 
addition, detailed soil analyses were made for dating 
movement on specific Quaternary faults (Machette, 
1978c, 1978d; 1982, 1986a, 1988) and as a tool for 
deciphering timing of faulting on a regional basis 
(Machette and McGimsey, 1983). Although the soil data 
was fundamental to each of these studies, it was never 
archived nor released as a public document. 

With the renewed interest in the Quaternary geologic 
and tectonic history of the middle Rio Grande drainage 
basin (current USGS cooperative project between Water 
Resources and Geologic Divisions and the New Mexico 
Bureau of Mines and Mineral Resources) it seems appro-
priate to publish this data as reference material for future 
stratigraphic work. This report includes basic geologic 
and geographic information, and laboratory and chemical 
data used to calculate the amount of secondary (pedo-
genic) calcium carbonate in 52 soil profiles (Appendix) 
from central New Mexico. These data may serve as refer-
ence for additional sampling and characterization of soil 
development as a relative dating tool for geologic studies. 

METHODS 
The basic strategy for assessing the content of sec-

ondary calcium content in a soil uses four fundamental 
measurements: 1) sample thickness, 2) grain-size distrib-
ution, 3) calcium carbonate content of the sample, and 4) 
bulk density of the sample. Using these data, one can cal-
culate the concentration of calcium carbonate (g/cm3) in 
a sample, in a sampled interval, and then sum all the 
sampled intervals for a total content in the soil. Then, by 
using data from the soil's parent material (Cu horizon), 
one can assess the primary (depositional) carbonate con-
tent. The secondary (pedogenic) component of the calci-
um carbonate is the difference between the total and pri  

mary contents. In our studies, we typically chose to 
describe and sample soils on noncalcareous parent 
materials, thereby minimizing the primary carbonate 
content. The procedure for calculating carbonate 
content is described in detail in Machette (1978c) and in 
general in Machette (1985). 

Sample thickness comes from the physical description 
of the soil. Most soil profiles were sampled and 
described from hand-excavated pits in natural exposures 
or temporary excavations using the criteria of Harden 
(1986). However, our soil profile descriptions were not 
exhaustive and focused primarily on horizonation and 
carbonate morphology to guide our sampling. Calcium 
carbonate content was determined using a Chittick 
apparatus which measures the volume of CO2 evolved 
from acid digestion of the carbonate minerals as 
described by Machette (1986b). By maximizing the 
volume of CO2 evolved, the method yields an optimum 
error of ±3% of the reported value (ie, 50% ± 1.5%) 
(Bachman and Machette, 1977). The >2 mm versus <2 
mm contents of the soil (either measured or estimated in 
the field) were used to calculate the measured and 
estimated carbonate content (<2 mm fraction) on a 
whole-sample basis. By avoiding limestone-bearing 
matter, most samples contained negligible secondary 
calcium carbonate in the gravel (>2 mm) fraction. Bulk 
density of soil peds were determined by the paraffin-clod 
method (Singer, 1986). Where peds were not developed 
(ie, parent material of weakly calcareous horizons), we 
estimated bulk density values based on grain-size 
distribution, and sediment type, and from comparisons 
with previously determined samples. 

The descriptive and laboratory data are reported in tab-
ular form in the Appendix. The calculations of total, pri-
mary and secondary carbonate concentrations (gm/ cm3) 
and the amount of secondary carbonate (gm/cm2-col-
umn) in sampled intervals (typically subhorizons) and the 
whole profile were performed using an Excel spread-
sheet with formulas embedded in cells, rows, and 
columns. These formulas are keyed to the example 
spreadsheet in Table 1 and explained in Table 2. 

RESULTS 

The data tabulated in the Appendix are for relict soils 
formed on surficial materials that range from Holocene 
to Pliocene in age. No attempt is made here to ascribe 
numerical ages to these soils, as Machette did in 1985, 
because of significant, but still unresolved, questions 
about the age of the Llano de Albuquerque, a regionally 
extensive geomorphic surface that was previously con-
sidered to be about 0.5 Ma (see Machette, 1985). It is 
becoming commonly accepted that the Llano de 
Albuquerque is older, perhaps 1 Ma or more. Also, its 
association with volcanic ashes of known age, or dated 
basalt flows is still subject to debate and no compelling 
paleomagnetic signatures have been obtained from 
deposits immediately underlying the Llano. In fact, the 
Llano may have a considerable age range owing to local 
faulting and regional changes to the position of the Rio 
Grande and its major tributary streams. Once the age(s) 
of the Llano de Albuquerque is better defined, these soil 
data can be used to refine the rates of carbonate 
accumulation published by Machette (1985) and to 
better estimate the relative ages of newly described soils 
on Quaternary deposits in the Albuquerque basin. 
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FIGURE 1—Index map of central New Mexico showing roads, towns and counties. Figures 2 and 3 show location of soil sampling sites. 
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FIGURE 2—Index map to soil sampling sites in the northern part of the Albuquerque basin and adjacent areas. Sample localities (site nos.) are 
shown by diamonds and are keyed (by number) to descriptive information in the Appendix. Topographic names are keyed by letter. 
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FIGURE 3—Index map to soil sampling sites in the central and southern parts of the Albuquerque basin and adjacent areas. Sample locali -

ties (site nos.) are shown by diamonds and are keyed (by number) to descriptive information in the Appendix. Topographic map names are 

keyed by letter. 
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APPENDIX 

The following tables include geographic, geologic, and 
topographic information for soil sampling sites in the 
Albuquerque basin and adjacent areas. Site numbers (1-
52) are labeled according to location, generally from 
north to south and west to east in the Albuquerque basin 
(see Figs. 2 and 3). Soil profile numbers are generally 
correlated to sampling date (month, day, year), although 
numerous sites may have been sampled in a single day, 
hence the use of hyphenated numbers (ie, 8/02/75-1). The 
names of the units (geologic) or surfaces (physiographic) 
are largely informal. Landform is the type of 
physiographic surface; ie, alluvial fan or piedmont slope. 

Location information is given by USGS quadrangle (7.5-
minute, 1:24,000 scale), by latitude and longitude, in the 
standard Township and Range system, and by UTM 
(Universal Transverse Mercator) system, which records a 
points location north and east of an established origin for 
individual zones (UTM zone 13 for this study). The latter 
type of location data is especially useful for entry of sam-
pling sites in a Geographic Information System (GIS). In  

addition, we record the County and elevation of the site 
as determined from USGS 7.5-minute topographic quad-
rangle maps. The name of the person describing and 
sampling the soil profile is given, along with the sam-
pling date. Finally, brief additional comments are made 
(where appropriate) about the geology, specific sampling 
location, and references. 

The descriptive and laboratory data reported below 
include calculations of present-day, primary and sec-
ondary carbonate concentrations (g/cm3) and the total 
amount of secondary carbonate (g/cm2-column) in sam-
pled intervals (typically soil subhorizons) and the whole 
soil profile as previously described in Tables 1 and Table 
2. Measured values are shown in regular type, whereas 
values estimated from the soils physical appearance or 
modeled from values determined from adjacent samples 
are shown in italic type. These estimates introduce addi-
tional error in the analysis, but are needed to calculate the 
total amount of secondary carbonate in a soil. 
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