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Abstract  

Sixty-two X-ray-fluorescence analyses 

for nine major oxides in alkaline and subalka-

line basalts display considerable lateral varia-

tion within closely related genetic units. The 

number of samples required to characterize the 

mean compositions of the sampling units with 

95 percent confidence was determined. The 

lower and upper Carrizozo basalts were ad-

equately sampled and require four and seven 

samples, respectively, to characterize their 

means; the undifferentiated basalts require 

more. On the basis of Kuno's differentiation 

index, the Carrizozo basalts display conspicu  

ous differentiation, and the Potrillo and Mc-

Cartys basalts are relatively undifferentiated.  

Titanium oxide concentration is corre-

lated with tectonic setting. Within each vol -

canic field, titanium-rich basalts erupted in 

upthrown blocks and titanium-poor basalts 

erupted in downthrown blocks. The presence of 

deeply penetrating fractures is probably 

greater in the upthrown blocks, and the higher 

titanium concentration may be related to high-

er pressures of magma generation in the man-

tle. 



Introduction 

The purpose of this study is to deter-

mine areal compositional variations in some 

New Mexico basalts, characterize their mean 

compositions, and attempt to correlate their 

compositions with their tectonic settings. To-

ward this end, 62 samples of fresh 

Quaternary basalt from the Potrillo, 

Carrizozo, and McCartys volcanic fields were 

analyzed by X-ray-fluorescence spectroscopy 

for SiO2, A12O3, MgO, CaO, Na2O, K2O, TiO2, 

MnO, and total iron as FeO. 

The ages of individual basalts are given 

in Table 1, and the locations of the fields are 

shown in Figure 1. 

Al l  the  rocks analyzed are  f resh 

porphyri t ic  o l iv ine  basal ts  with o l iv ine  

pheno  

zozo and McCartys fields are subalkaline ba-

salts. The incompleteness of the X-ray-fluor-

escence analyses with regard to Fe2O3/FeO 

ratios renders them unclassifiable on the basis 

of their norms. However, similarities in SiO 2, 

MgO, and alkali contents strongly suggest that 

the Paxton Springs basalt and all the Potrillo 

basalts are alkaline and that the Laguna, 

lower McCartys, upper McCartys, Blocky, and 

all the Carrizozo basalts are subalkaline.  

ACKNOWLEDGMENTS  
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logistic support of Ted Barber of the Atmo- 

 

crysts. Augite, the only pyroxene observed, 

occurs predominately in the groundmass of all 

the basalts. Sparse augite phenocrysts occur 

in the rocks of the Potrillo field, and some of 

these are zoned with pinkish rims. Plagioclase 

and olivine are close to An50 and Fa20 in all the 

basalts, as determined by optical examination. 

On the basis of their CIPW norms, and 

the classification scheme of Chayes (1966), 

POT-11 from the Potrillo field is an alkaline 

basalt and CAR-9 and MAC-16 from the Carri  

spheric Sciences Office, White Sands Missile 

Range, who supplied helicopters for the large-

scale areal sampling. Jim Tyree, Gene Tobey, 

Bill Zelinski, Haia Roffman, and Rena Mae 

Bonem—students at New Mexico Institute of 

Mining and Technology (New Mexico Tech)—

did much of the sample preparation, X-ray 

analysis, and computer programming. The 

author also gratefully acknowledges the help-

ful discussions with staff members of the New 

Mexico State Bureau of Mines and Mineral Re-

sources and of New Mexico Tech. 
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Field Sampling 

Compositional variations will occur at 

the surface of a basalt flow as the result of 

supergene processes. In addition, Watkins, 

Gunn, and Coy-Y11 (1970) and Gunn and 

Watkins (1970) have shown that substantial 

primary variations in major-element 

concentrations occur throughout the 

thicknesses of basalt flows. To avoid as much as 

possible compositional variations due to 

differentiation during extrusion and subsequent 

surficial processes, sampling was confined as 

nearly as possible to the base of the upper zone 

of vesiculation at each sample site. 

Sample  points were  se lected prior to  

field work and modified at the sample location 

to obtain fresh representative material. Sample 

points were located on the ground by reference 

to topographic features and plotted on to-

pographic maps. The principal factors that 

modified the position of the preselected sample 

points were availability of fresh outcrop and 

the availability of helicopter landing sites.  

The samples were numbered serially, 

with the prefixes POT, CAR, and MAC desig -

nating the Potril lo, Carrizozo, and McCartys 

fields respectively.  

POTRILLO FIELD 

The locations of samples collected in 

the Potrillo field are shown in Figure 2; in this 

figure, the boundaries of the effusive rocks 

were compiled from Dane and Bachman (1965) 

and Hoffer (1969). North of the international 

boundary, the field is conveniently divided by a 

north-south line connecting the East Potrillo 

Mountains in the south and the Aden Hills in 

the north. West of this line, the field is 

dominated by scores of cinder cones peppering 

a moderately elevated region called the West 

Potrillo Mountains. East of the line, the field is 

topographically subdued and lies on a relatively 

flat plain called La Mesa surface, which 

extends 20 miles eastward to the west 

escarpment of the Rio Grande Valley. 

The Potrillo field was sampled to obtain 

an average composition for the Quaternary ba-

salt. The great number of eruptive centers in 

the area precluded extensive sampling of indi -

vidual flows, so a grid sampling plan was  

adopted with sampling points at the corners 

and centers of townships and a sample interval 

of 4.3 miles. Samples were taken as near to the 

preselected points as good rock exposures 

allowed. Many sample locations are displaced 

as much as 0.25 mile from the grid points. 

CARRIZOZO FIELD 

The locations• of samples collected on 

the Carrizozo field are shown in Figure 3. Flow 

boundaries are from Dane and Bachman (1965), 

with the exception of the contact between the 

upper and lower Carrizozo flows, which was 

approximately mapped for this study. 

The Carrizozo lava field consists of two 

major eruptive periods: the earlier Broken Back 

Crater eruptions and the later lower and upper 

Carrizozo flows. The Broken Back Crater 

basalts are clearly older and are topo-

graphically separated from the Carrizozo flows 

by a valley containing Triassic sediments. The 

lower and upper Carrizozo flows are virtually 

indistinguishable from each other in the field, 

but are chemically different. The lower Car-

rizozo flows may have issued from the same 

vent as the upper flows and extend south of the 

vicinity of sample CAR-5. 

The sinuous shape of the Carrizozo 

flows suggested serial sampling, and an aver-

age sample interval of 2.7 miles was adopted. 

The sample locations on the Broken Back Cra-

ter flows occupy grid positions with 2.6 miles 

between samples. 

McCARTYS FIELD 

The locations of samples collected in 

the McCartys field are shown in Figure 4. The 

boundaries of the flows were determined by 

aerial observation during this study. 

The sampled part of the McCartys field 

consists of older Laguna basalts, which are 

poorly exposed, and the younger lower and 

upper McCartys flows. Two additional flows, 

both younger than the Laguna flows and 

possibly younger than the lower McCartys 

flow, were also sampled. They are the. Paxton 

Springs flow and a flow with a very irregular  
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surface, which I call the Blocky flow. The 

Blocky flow is younger than the lower McCartys 

flow, but its age relationship to the upper 

McCartys flow is unknown. 

The sampling plan adopted for the Mc-

Cartys field was similar to that for the Potril lo 

flows. The actual locations of sample points  

depart from the preselected grid pattern more 

severely than they do for the Potrillo field, 

mainly because of fewer adequate landing sites 

and because the distribution of the two major 

eruptives suggested a more linear sampling 

plan. 

The Paxton Springs f low was serial ly  
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sampled with an average  spacing o f  1 .  9  mi les.  

The  spacing on the  upper McCartys  f low is  

about  3.5 mi les .  The  average  spacing on the  

lower McCartys basalt  is 5.  1 miles.  The dis -

tr ibution of  sampling points on the Laguna and 

Blocky f lows is essential ly random.  

 



Analytical Procedures 

SAMPLE PREPARATION 

Samples were first crushed to pea-size 

granules and hand picked to eliminate vesicle 

fillings and weathered material. Five grams of 

the cleaned basalt was then ground under ace-

tone in an automatic mortar for 30 minutes. 

After drying, undiluted briquettes were made 

according to the method of Volborth (1963), 

except that, in place of the fragile glass anvil 

Volborth used, we inlaid a polished carbide 

disc into the base of the press. 

X-RAY FLUORESCENCE 

X-ray-fluorescence data were obtained 

on a Norelco 8-position vacuum spectrograph. 

Counting was done in fixed-time mode, with 

counting statistics better than 3.3 percent. U. 

S. Geological Survey geochemical standard W-1 

was kept in one position of the spectrograph 

and counted prior to running each set of seven 

unknowns. Count rates for unknowns were 

divided by the appropriate count rate for W-1 

to obtain a count ratio, and straight-line cali-

bration curves were constructed' using the 

three wet-analyzed standards given in Table 2. 

Some difficulty was experienced in obtaining a 

satisfactory calibration curve for FeO, so this 

oxide was reanalyzed for the three standard 

basalts by Lynn Brandvold, chemist of the Bur-

eau. Brandvold's results are included in Table 

2. 

The calibration curves were drawn 

through triplicate determinations of the stand-

ard basalts and determined by passing a 

straight line through the grand mean of the 

data and choosing its slope to be the ratio of 

the standard deviations of count ratio to 

composition. Thus, where Y and X are the 

respective count ratios and compositions of the 

standards, and sy and sx are their standard 

deviations, and B is the intercept on the Y axis, 

the equation of the calibration curve is 

X = (Y - B)(sx /sy )  
As this method of curve-fitting is not 

generally used, it  is worthwhile to show its 

relationship to regression and correlation co -

eff icients. Following the notation of Snedecor 

(1956), where r is the Pearson correlation co - 
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efficient, b12 and b21 are the regression coef-

ficients of X on Y and Y on X, and s x  and s are 

the standard deviations of X and Y popula-

tions, 

s y/ s x = b 21/ r  

r  =  ( b 2 1 b 1 2 ) 1 / 2  

s y/ s x = ( b 2 1 / b 1 2 ) 1 / 2  

If m is the slope of a regression line measured 
from the X axis, 

myx = b21 

mxy = 1/b12 

s y/ s x = ( myxmxy) 1 / 2  

Thus the slope defined as the ratio of the 

standard deviations is the geometric mean of 

the two possible regression lines. 

The calibration curve determined in 

this way gives the best correlation between 

composition and count ratio. For straight-line 

calibration curves, it has an advantage over 

the least-squares regression on composition in 

that it does not assume that the standard com-

positions are accurate. 

RESULTS 

The reproducibility expressed as coef - 
standard deviation 

ficients of variation (C =mean composition mean composition 

100) of the samples run in triplicate is given in 

Table 3. The relatively poor precision of the 

Na20 and MgO analyses is attributed to insuf-

ficiently fine grain size and the possibility of 

surface imperfections on the sample briquettes 

(Volborth, 1963). Poor reproducibility of MnO 

may be due to the low concentrations involved .  

The chemical analyses of rocks from 

the Potrillo, Carrizozo, and McCartys basalt 

fields are given in Table 4. In these tables, 

"Given D" is the deviation from the mean, or 

tolerance, used to calculate "Number," the 

number of samples required for the mean com-

position to lie within plus or minus "Given D" 

with 95-percent confidence. The "Given D's" 

are also the class intervals used by Manson 

(1967) in his study of the frequency distribu-

tions of the major-element compositions of ba- 

 
salts. "Number" is calculated from the formula 

given by Krumbein and Graybill  (1965):  

n = st/d (1) 

where n is "Number, " s is the standard devi-

ation, t is the tabulated value of the t distribu-

tion at a half probability of 0.025 for the appro-

priate degrees of freedom, and d is "Given D. " 

"Calc D" is the deviation of the mean determined 

by substituting N, the actual number of samples 

collected, for n in equation (1) and solving for d. 

Thus for the west Potrillo samples (table 4), the 

mean SiO2 concentration is 44.46+0.79 percent 

for 14 samples, but only three samples need 

have been taken to achieve the given tolerance 

of +1. 0 percent. For Na2O, on the other hand, 

the mean is 3. 31+0. 11 percent, and four 

additional samples would have to be taken in 

order to achieve a tolerance of +0.2 percent. In 

practice the sampling program would have to be 

adjusted to give the best results for the most 

significant elements. 

Most analyses in Table 4 total less than 

100 percent because we did not analyze for wa-

ter and P2O5 and because total iron is express-

ed as FeO. Analyses that exceed 100 percent 

contain some degree of unknown error.  

As a consequence of the statistics of 

small sample size, some of the values for 

"Number" are unrealistically high. If the sample 

size (N) is increased, the standard deviation 

will probably decrease, and, even if it does not, 

the tabulated value of the t distribution will de-

crease, thus reducing the value of "Number. " 

For example, "Number" for the silica analysis of 

the lower McCartys flows is 55; if N is doubled 

and the standard deviation remains the same, 

"Number" becomes 30. 
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Oxide  Var ia t ion  in  the  Basal t s  

The compositional variation of the var-

ious basalt flows is presented as histograms in 

Figures 5 through 13; the volcanic fields are 

arranged upward from south to north, and, 

within the fields, the histograms are arranged 

upward from older to younger units (where 

relative ages are known). 

SILICA 

Silica displays rather high dispersion, 

which is most prominent in the Potrillo and the 

McCartys fields. The distributions of silica 

content in the Broken Back Crater and upper 

and lower Carrizozo flows are narrow, with the 

mean composition for the upper Carrizozo sig-

nificantly higher at the 95-percent confidence 

level than that of the lower. This is consistent 

with a normal differentiation trend. 

Although the means of silica content 

for the lower and upper McCartys flows are 

also consistent with a normal differentiation 

trend, the dispersion of silica in the lower 

McCartys is too great to distinguish with 

confidence between the two populations of 

analyses. The wide distribution of silica in the 

Laguna and east Potrillo analyses is 

expectable, considering that these flows are 

old and poorly exposed; more than one genetic 

unit may be represented by the samples. 

However, the wide distribution in the lower 

McCartys flow is unusual and may be due to 

compositional heterogeneity in the magma 

chamber. The narrow distribution of the 

Paxton Springs flow is expectable, as the flow 

is a localized product of a brief volcanic event. 

ALUMINA 

In the Potrillo field, alumina content 

has a smaller range than it has in either the 

Carrizozo or McCartys fields. This suggests, as 

opposed to the silica analyses, that differen-

tiation was rather limited. The relatively large 

dispersion of A12O3 analyses in the upper Car-

rizozo, lower McCartys, and upper McCartys 

suggests that these lavas issued from rather 

heterogeneous magmas as opposed to those of  

the Broken Back Crater, lower Carrizozo, La-

guna, and Paxton Springs lavas. 

IRON AND MANGANESE 

The compositional range of FeO and 

MnO among the various fields is limited, and, 

with the exception of the east Potrillo and the 

lower and upper McCartys units, the disper-

sions are narrow. Secondary processes cannot 

be used to explain the behavior of iron in 

these two units, as the older Laguna and Po-

trillo flows have relatively narrow distribu-

tions. Secondary processes, however, may 

account for the dispersion of MnO. 

MnO is a more sensitive discriminator 

among the sampling units than is FeO. There 

is no significant difference in iron content 

among the Carrizozo flows and the flows of the 

McCartys field, but there is a significant dif -

ference in MnO between the lower Carrizozo 

flow and the Broken Back Crater and upper 

Carrizozo flows. The difference in MnO of the 

upper McCartys and Paxton Springs flows and 

the east and west Potrillo flows is noticeable if 

not significant at the same level.  

MAGNESIA 

The magnesia distributions have mod-

erate dispersion and show strong family re-

semblances within each field. The means of the 

lower Carrizozo and upper Carrizozo flows are 

displaced from one another in a direction 

consistent with a normal differentiation histo-

ry, as are the means of the lower and upper 

McCartys; although the differences are not sig-

nificant at the 95-percent confidence level. The 

difference in MgO in the east and west Potrillo 

fields is almost significant at 95-percent confi-

dence, with only 0. 02 percent overlap in their 

"Calc D's. " The high mean value of MgO for the 

west Potrillo flow, in particular, suggests 

derivation from a parental mantle material with 

minimal differentiation between partial melting 

of the mantle and extrusion. The high MgO 

concentrations in the McCartys field also 

suggest close affinity to primary basaltic mag-

ma. 
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is significantly higher in lime content than is 

the upper flow, which is consistent with a nor-

mal differentiation trend. No such differences 

are detectable in the Potrillo and McCartys 

fields. 

SODA AND POTASH  

All the Carrizozo flows and all the Mc-

Cartys flows, except for the Paxton Springs 

flow, show close family resemblances with re -

spect to both alkalies. The Paxton Springs flow 

resembles the other lavas of the McCartys field 

in Na2O content, but it is significantly higher 

in K2O content. On the other hand, the east 

and west Potrillo flows resemble each other in 

potash, but differ in soda. 

TITANIA 

The TiO2 distributions for all the lavas, 

except Paxton Springs, have small dispersions, 

and the large dispersion of the Paxton Springs 

is due to only one sample. There are close 

family resemblances among the sampling units 

of the various fields, with the exceptions of the 

Paxton Springs flows. In the analyses reported 

here, the greatest similarity in titanium 

concentration occurs among the basalts of the 

Carrizozo field and among the Laguna, lower 

and upper McCartys, and Blocky flows. The 

west Potrillo lavas are significantly higher in 

TiO2 content than the east Potrillo lavas, and 

the Paxton Springs lavas are significantly high-

er than the rest of the McCartys lavas. 

 



Origin of  the Basalts  

The extent of differentiation of basaltic 

magmas can be estimated from the solidifica-

tion index, SI, of Kuno et al. (1957):  

SI = (MgO X 100)/(MgO + FeO + Na 2O + K2O) 

where FeO is total iron calculated as Fe 2+. 

In general, SI decreases with decrease 

in proportion of liquid remaining from differ-

entiation. Values of SI greater than 40 suggest 

accumulation of olivine crystals, values from 

35 to 40 imply little or no differentiation, and 

values of SI less than 35 are thought to result  

from differentiation of basaltic magma within 

the crust. 

The basalts studied here are plotted in 

Figure 14 on an MFA diagram, where MgO = SI. 

Also plotted in Figure 14 are the average com-

positions of the Servilletta, Hinsdale, and Union 

County basalts of northern New Mexico and 

southern Colorado as reported by Lipman 

(1969), and the compositions of the Cienega ba-

salts of north-central New Mexico as reported 

by Sun and Baldwin (1958). 

In terms of their solidification indices, 

the basalts of the Potrillo and McCartys fields 

are distinctly different from the basalts of the 

Carrizozo field. The basalts of the Carrizozo field 

appear to be slightly more differentiated than the 

Servilletta and Cienega basalts of the Rio Grande 

trough and slightly less differentiated than the 

Hinsdale and Union County basalts. 

Broken Back Crater, lower Carrizozo, 

and upper Carrizozo basalts have mean SI's of 

32.3, 32.8, and 30. 0, respectively. The differ-

ences in SiO2' A12O3, MgO, CaO, and Na2O in the 

lower and upper Carrizozo flows are consistent 

with the change in SI, but the same is not true 

for Broken Back Crater flows. Although the 

extent of differentiation for the older Broken 

Back Crater basalts is less than for the 

younger Carrizozo flows, the character of 

differentiation is somewhat different, suggest-

ing origin from different magma chambers.  

The Potrillo and McCartys basalts all 

have SI's greater than 38, indicating little dif -

ferentiation of primary basalt magma. The ba-

salts of the Potrillo field show, in fact, the 

influence of olivine accumulation. In these two 

fields, the upper McCartys shows a slightly 

higher degree of differentiation than the older 

lower McCartys, which is consistent with the  

'changes in SiO2, A12O3, and K2O; however, the 

differences in oxide concentration are not as 

conspicuous as they are in the Carrizozo ba-

salts. 

The lack of differentiation in the Potrillo 

and McCartys basalts implies that basaltic 

magma was imported from the mantle to the 

surface during a relatively short-lived and pro-

found tectonic event; whereas, the other basalts 

mentioned probably resided in a holding cham-

ber long enough for conspicuous differentiation 

to take place. 

Chayes (1964) and Chayes and Velde 

(1965) have demonstrated statistically that TiO2 

is the best single oxide discriminator between 

oceanic and circumoceanic basalts. They sug-

gested that there may be significant composi-

tional differences between mantle material be-

neath the oceans and that beneath the 

continent which are responsible for the higher 

titanium concentrations in oceanic basalts.  

Green (1968), in discussing the origin of 

basalt by partial melting of peridotitic mantle 

material, cited the mineralogical variability of 

peridotite nodules and high-temperature per-

idotite intrusions as evidence of heterogeneity 

of the mantle. Green noted that the K2O, TiO2, 

P2O5, and Na2O are inadequate in peridotite to 

account for their concentrations in basalt by 

partial melting and, furthermore, that these 

oxides are rather randomly distributed in ba-

salts. 

Recently, MacGregor (1969) demon - 

strated that, in the model mafic system MgO-

SiO2-TiO2, titanium is increasingly concen-

trated in the melt phase with increasing pres-

sure up to 50 kb. MacGregor cited field evi-

dence supporting this behavior of titanium in 

real basalts and suggested that TiO2 concen-

tration in alkaline and subalkaline basalts 

may be more an indicator of depth of origin 

than compositional heterogeneity in parent 

mantle material. 

If compositional heterogeneity is invoked 

to explain the differences in titania in the 

basalts of the Potrillo, Carrizozo, and McCartys 

fields, significant differences in magma 

composition would have to exist within a lateral 

distance of less than 30 km, the distance be-

tween the eruptive centers of the Paxton Springs 

and upper McCartys flows. The distance be- 
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tween Aden Crater and the axis of cones in the 

west Potrillo lavas and the distance between the 

vents of the upper and lower McCartys flows are 

both 16 km. Between the Broken Back Crater 

vent and the upper Carrizozo vent, the distance 

is 13 km. As the Carrizozo basalts have nearly 

the same concentration of TiO2, regions of 

homogeneity might be at least this large. 

Differentiation could account for 

changes in TiO2 concentration in similar basalts 

from the same volcanic field, and Kuno (1968) 

has shown that titanium tends to increase with 

differentiation in the range of SI characterizing 

the basalts studied here. This consideration 

could not apply to the difference in titanium be-

tween the Paxton Springs basalt and the other 

sampling units of the McCartys field, for its 

concentrations of SiO2, A12O3, and K2O indicate 

that it is genetically different. 

In Figure 15, the variation of TiO2 ver-

sus SI is shown for the Potrillo and Carrizozo 

fields. In the Potrillo field, the east Potrillo 

basalts group nicely and are distinctly differ-

ent from the west Potrillo lavas, indicating 

that they are not products of the same magma. 

In the Carrizozo field, titanium in the lower 

and upper Carrizozo flows follows differentia-

tion trends that are similar to each other if 

one excludes two anomalously high TiO2 

analyses in the lower flow. The titanium in the 

Broken Back Crater flows appears to follow a 

different trend, but additional analyses are 

necessary to establish this better; in addition, 

the concentrations of the other major oxides 

and the age relationships of the Carrizozo field 

basalts suggest that the Broken Back Crater 

basalts were derived from a different magma. 

The differences in TiO2 concentration 

within the various volcanic fields may be cor-

related with their structural setting. A pre-

diction of the stress distribution in block fault -

ing gives upthrown blocks as being under less 

compressive stress than are downthrown 

blocks, and consequently the upthrown blocks 

would tend to have more deeply penetrating 

fractures. Brouwer (1962) showed how changes 

in the stress field influences the birth and ex-

tinction of volcanoes within the framework of 

this simple concept. In view of the pressure 

control on TiO2 concentrations in the MgO--

SiO2 -TiO2 system, basalts erupted through 

up-thrown blocks should be richer in titanium 

than basalts erupted through adjacent 

downthrown blocks, provided that differences 

in TiO2 are not the result of mantle 

heterogeneity or diffe rentiation. 

In the McCartys field, the Paxton 

Springs basalt erupted through a Precambrian  

block in the east end of the Zuni uplift (Kelley, 

1967). This block is bounded on two sides by 

high-angle faults, and a fault is mapped in the 

valley occupied by the Paxton Springs basalt. 

The other sampling units of the McCartys field 

erupted through structurally and 

topographically lower units where Permian 

rocks are exposed (Dane and Bachman, 1965). 

In the Carrizozo field,, the Broken Back 

Crater flows erupted through Permian sedi-

ments and the Carrizozo flows through Triassic 

sediments (Dane and Bachman, 1965) on the 

west flank of a north-south basin defined at 

the top of the Precambrian (Foster and Stipp, 

1961). The vents lie on a west-northwest axis 

defined by the linear intrusions of Capitan 

Mountain and Jones dike. The vent of the 

upper Carrizozo flows lies near the crest of the 

Carrizozo anticline, defined by Kelley and 

Thompson (1964) at the top of Permian beds. A 

northnortheastward-trending normal fault 

crossing U. S. 380 in T. 6 S. , R. 9 E. , projects 

midway between the Broken Back Crater vents 

and the upper Carrizozo vent. It is down to the 

west, with the Permian San Andres Limestone 

in contact with the older Permian Yeso Forma-

tion. The southernmost branch of the Chupa-

dera fault, down to the east and defined on the 

basis of topography by Kelley and Thompson 

(1964), projects north-northeastward between 

the two vents of the Broken Back Crater flows. 

The main trend of the Chupadera fault is also 

down to the east and passes 1 mile east of the 

two Broken Back Crater vents. 

In the Potrillo field, a branch of the 

Texas lineament (Muehlberger, 1965) passes 

across the northern end of the East Potrillo 

Mountains and south of the east Potrillo ba-

salts; however there is no geologic control for 

this structure in the Potrillo field. A north-

northwestward-trending fault, down to the 

northeast passes along the northeast side of 

the East Potrillo Mountains (Dane and Bach-

man, 1965). Unpublished geophysical informa-

tion of various petroleum companies indicates 

that the east Potrillo basalts are structurally 

lower than the west Potrillo basalts.  

North of the east Potrillo flows, a pair 

of northeast-trending fault scarps (Kottlowski, 

1960) indicate that the east Potrillo basalts are 

down relative to the west Potrillo basalts. The 

east Potrillo basalts are also topographically 

lower. A few linear features within the lava 

fields indicate movement since eruption. One of 

these, north of the East Potrillo Mountains and 

trending north-northwestward, suggests 

movement with the east side down; another, 

about 6 miles west of the East Potrillo Moun- 
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tains and trending northward suggests that the west 

side is down. 

In each of the three volcanic fields, 

where there is evidence of faulting, basalts on 

structurally higher rocks have higher mean ti -

tanium concentrations than do those on struct-

urally lower rocks. These observations are 

consistent with regional differences in average 

TiO2 concentrations observed by Lipman (1969) 

in the Servilletta basalt, within the Rio Grande 

trough, and the Hinsdale basalts of southern 

Colorado and the Union County, New Mexico, 

basalts to the west and east of the trough, re-

spectively. 

The Carrizozo field shows little vari -

ation in TiO2 content, but, if the Chupadera 

fault scarp extending northward from the Bro-

ken Back Crater flows represents the major 

structural break associated with the Carrizozo  

field, the higher mean TiO2 concentration in 

the Broken Back Crater flows is consistent 

with the titanium variation in the other areas 

studied. 

It should be noted that the mean TiO2 

concentration in the lower Carrizozo flow is too 

high by virture of two analyses. If these are 

discounted, its mean concentration is 1.716 

percent, which is almost identical to its mean 

concentration in the upper Carrizozo basalts.  

Although compositional heterogeneity 

in the mantle cannot be discounted (nor easily 

tested) as an explanation for TiO2 differences 

in adjacent basalt flows, it would have to be 

conspicuous on a relatively small geographic 

scale. Tectonic control of TiO2'  on the other 

hand, is supported by observed field relations 

in New Mexico, as well as by experimental 

studies. 



References 

Brouwer, H. A. , 1962, Extrusive vulcanism 

with reference to earth movements, in 

G. A. MacDonald and H. Kuno (eds.), 

The crust of the Pacific Basin: Amer. 

Geophys. Union, Mono. 6, p. 87-91. 

Chayes, Felix, 1964, A petrographic distinction 

between Cenozoic volcanics in and 

around the open oceans: Jour. Geophys. 

Research, v. 69, p. 1573-1588. 

---- 1966, Alkaline and subalkaline basalts: 

Amer. Jour: Science, v. 264, p. 128-

145. 

Chayes, Felix, and Velde, D. , 1965, On dis-

tinguishing basaltic lavas of circum-

oceanic and oceanic-island type by 

means of discriminant functions: Amer. 

Jour. Science, v. 263, p. 206-222. 

D an e ,  C .  H . ,  an d  Bac h man ,  G .  O .  ,  1 9 6 5 ,  

G e o l o g i c  m ap  o f  Ne w  M e x i c o :  U .  S .  

Geol. Survey, scale 1:500, 000. 

Foster, R. W.,  and Stipp, T. F.,  1961, Pre-

l iminary geologic and rel ie f map of 

the Precambrian rocks of New 

Mexico: N. Mex. State Bur. Mines 

Mineral Resources, Circ. 57, 37 p.  

Green, D. H., 1968, Origin of basaltic magmas, 

in H. H. Hess and Arie Poldervaart 

(eds.), Basalts, Vol. 2: New York, 

Interscience Publishers, p. 835-862. 

B. M. , and Watkins, N. D. , 1970, Geo-

chemistry of the Steens Mountain ba-

salts, Oregon: Geol. Soc. America, Bull. 

, v. 81, p. 1497-1516. 

Hoffer, J. M. ,  1969, Volcanic history 

of the Black Mountain-Santo Tomas 

basalts, Potrillo volcanics, Dona. Ana 

County, New Mexico, in Guidebook of 

the border region: N. Mex. Geol. Soc. , 

Guidebook, 20th Field Conf., p. 108-

114. 

Kel ley,  V.  C.  ,  1967, Tectonics of  the  Zuni -

Defiance region,  New Mexico and 

Arizona, in Guidebook of Defiance-

ZuniMt. Taylor region: N. Mex. Geol. 

Soc. , Guidebook, 18th Field Conf., p. 

28-31. 

Kelley, V. C., and Thompson, T. B. , 1964, 

Tectonics and general geology of the 

Ruidoso-Carrizozo region, central New 

Mexico, in Guidebook of the Ruidoso 

country: N. Mex. Geol. Soc., Guide-

book, 15th Field Conf., p. 110-121. 

Kottlowski, F. E. 1960, Reconnaissance geo-

logic map of Las Cruces thirty-minute 

quadrangle: N. Mex. State Bur. Mines 

Mineral Resources, Geol. Map. 14.  

Krumbein, W. C. , and Graybill, F. A. , 1965, An 

introduction to statistical models in 

geology: New York, McGraw-Hill Book Co. 

, 475 p. 

Kuno, Hisashi, 1968, Differentiation of basalt 

magmas, in H. H. Hess and Arie Pol-

dervaart (eds.), Basalts, Vol. 2: New 

York, Interscience Publishers, p. 623-

688 

Kuno, H. , Yamasaki, K. , I ida, C. , and Naga-

shima, K. , 1957, Differentiation of 

Hawaiian magmas: Japanese Jour. Ge-

ology Geography, v. 28, 179-218. 

Lipman, P. W. , 1969, Alkalic and tholeiitic 

basaltic volcanism related to the Rio 

Grande depression, southern Colorado 

and northern New Mexico: Geol. Soc. 

America, Bull., v. 80, p. 1343-1353. 

MacGregor, I .  D. ,  1969, The system MgO-

SiO2-TiO2  and i ts bearing on the dis -

tribution of TiO 2  in basalts:  Amer. 

Jour. Science, Schairer Vol . ,  v .  267 -

A, p. 342-363. 

Manson, Vincent, 1967, Geochemistry of ba-

saltic rocks: Major elements, in H. H. 

Hess and Arie Poldervaart (eds.), 

Basalts, Vol. 1: New York,• Inter-

science Publishers, p. 215-269. 

Gunn, 



22 

Muehlberger, W. R. , 1965, Late Paleozoic 

movement along the Texas lineament: 

New York Acad. Science, Trans. , Ser. 

2, v. 27, p. 385-392. 

Nichols, R. L. , 1946, McCartys basalt flow, 

Valencia County, New Mexico: Geol. 

Soc. America, Bull., v. 57, p. 1049-

1086, 

Simons, E. L. , and Alexander, N. L. , 1964, 

Age of the Shasta ground sloth from 

Aden Crater, New Mexico: Amer. An-

tiquity, v. 29, p. 390-391. 

Snedecor, G. W. , 1956, Statistical methods, 

5th ed.: Ames, Iowa State Univ. Press, 

534 p. 

Sun, M. S., and Baldwin, Brewster, 1958,  

Volcanic rocks of the Cienega area, 

Santa Fe County, New Mexico: N. 

Mex. State Bur. Mines Mineral Re-

sources, Bull. 54, 80 p. 

Volborth, Alexis, 1963, Total instrumental 

analysis of rocks: Nev. Univ. , Mackay 

School Mines, Rept. 6, 85 p. 

Watkins, N. D. , Gunn, B. M., and Coy-Yll, 

R., 1970, Major and trace element 

variations during the initial cooling of 

an Icelandic lava: Amer. Jour. 

Science, v. 268, p. 24-49. 

Weber, R. H., 1964, Geology of the Carrizozo 

quadrangle, New Mexico, in Guidebook 

of the Ruidoso country: N. Mex. Geol. 

Soc. , Guidebook, 15th Field Conf. , p. 

100-109. 


	Title

	Contents

	Abstract

	Introduction

	Field Sampling

	Analytical Procedures

	Oxide Variation in the Basalts

	Origin of the Basalts

	References


