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A study of the volcanic rocks in Santa Cruz County, Arizona, has been tnade 
through cotnpilation of previous work together with new investigations. These 
cotnpilations indicate that there are tnany sitnilarities of sequence and structure 
in the volcanic rocks of the Atascosa Mountains, Tutnacacori Mountains, Santa 
Rita Mountains, Patagonia Mountains, and Mustang Mountains of Santa Cruz 
County. The volcanic rocks of the Tucson Mountains to the north of Pitna County 
also show sitnilarities to the volcanic rocks in the ranges of Santa Cruz County. 

Previous studies were tnade in the Atascosa and Tutnacacori Mountains by 
Webb and Coryell (1954). The regional geology of the Santa Rita and Patagonia 
Mountains was tnapped by Schraeder (1915) although tnany localized studies have 
since been tnade by various authors. The geology of the Mustang Mountains was 
tnapped by Bryant (1951). The Tucson Mountains have been studied principally 
by Brown (1939) and Kinnison (1958). 

A stratigraphic colutnn of the volcanic rocks of each range has been construc
ted. These colutnns are shown on Plate 1. The generalized sequence in each 
case is: Cretaceous (?) andesite and rhyolite; Tertiary andesite, rhyolite, tuff, 
rhyolite-latite, and andesite; and Quaternary (?) basalt. 

The rocks were dated by using the principle of superposition as well as the 
following hypotheses: the rocks thought to be Cretaceous also are badly faulted 
and tilted and a pre-Laratnide age is suggested; the rocks thought to be Tertiary 
are thick and only gently tilted so that a post-Laratnide age is suggested; the 
upper andesites of this Tertiary sequence are not tilted, and they are probably 
post-Lower Miocene since they have structural and sequential sitnilarities with 
the andesites associated with the Lower Miocene Minetta beds and their probable 
equivalent, the Pantano fortnation; the rocks thought to be Quaternary are rela
tively undisturbed and they overlie gravels and lake beds thought to be late 
Pliocene and Pleistocene. 

It is not believed that sitnilar flows or tuffs in different ranges belong to the 
satne extrusion of volcanic tnateria1. Instead it is believed that widespread sub
terranean activity has resulted in sitnilar extrusive expression of this activity 
in different areas. 

Microscopic studies of each tnajor volcanic unit shown on Plate 1 show the 
nortnal assetnblage of tninerals to be expected for each rock type except for the 
olivine basalts which all contain quartz. Sotne flows can be correlated between 
different ranges on the basis of the presence of certain recurring tninerals. 
However, the tninerals present tnay be cotntnon in a certain rock type in tnany 
different areas. For exatnple, the presence of augite phenocrysts does not 
prove correlation of two different andesites since the tnineral augite is cotntnon 
in andesites throughout the world. 

A few intrusive bodies of the satne rock type, having approxitnately equal 
titnes of etnplacetnent, were noted in the various ranges as shown on Plate 1. 
Also the tectonic/ seditnentary breccias of Kinnison (1958) and Courtright (1958) 
seetn widespread. 

Cretaceous and older rocks in this area show tnany northwesterly-trending 
structures. The Tertiary rocks are usually tilted to the north, east and north
east. The basalts are flat-lying in every instance. In a general way, there are 
striking structural sitnilarities in the volcanic rocks of Santa Cruz County and 
the Tucson Mountains. 

The association of structural defortnation and volcanic activity is widely 
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accepted. In the Precambrian of Arizona there was notable orogeny and volcanic 
activity. In the Paleozoic, structural deformation is negligible and volcanic ac
tivity is unknown. Again, in the Mesozoic and Cenozoic, deformation and vol
canic activity occurred and are undoubtedly related. 

Structural deformation appears to both precede and continue concurrently with 
volcanism. Thus in the area under study, the Cretaceous volcanic rocks were 
preceded by structural uplift in Southern Arizona in early Mesozoic time. The 
thick tertiary sequence was preceded by Laramide deformation. The thin 
Quaternary volcanic rocks were preceded by Tertiary deformation which was 
mainly tilting. This explains the above-mentioned occurrence of volcanism as 
related to structural deformation. Also, the periods of extreme deformation are 
followed by extreme volcanism while periods of minor deformation are followed 
by minor volcanism. 

Each volcanic unit was sampled for the purpose of making chemical tests 
for attempted correlation. Each sample was ground to -65 mesh, washed in 
distilled water, and dried. The alpha activity was determined on a low level 
scintillation alpha detector. The alpha activity figures shown on Table 1 are 
proportional to the U and Th content of the rock. Separate U and Th analyses 
were not made. The accuracy of the method is shown by the per cent standard 
deviation, the error encountered in counting methods. 

The potassium content of each rock was estimated by measuring the beta 
activity of each sample on a low level anti-coincidence beta counter. These 
potassium analyses were verified by running two samples on a flame photometer 
and the percentages obtained check within the standard deviation of the per cent 
potassium computed by counting methods. 

Each sample was also arced in an emission spectrograph and analyzed for 
Cr, Cu, Mg, and Ca. The data obtained are not percentages but readings on a 
photometric density scale which have been multiplied by 100. These figures 
are at best semi-quantitativ e but still proportional to the amount of the element 
present. 

Intraformation studies were made on the basalt from the Atascosa Mountains 
and a rhyolitic breccia, the Montana Peak formation, from the same range. The 
basalt is more uniform than the breccia as would be expected. The most recent 
basalt flow from the Tucson Mountains is more mafic than the composite sample 
of basalts from these mountains. 

The olivine basalts vary greatly in alpha activity and potassium content. 
Basalts from the Santa Rita and Tucson Mountains have very high potassium 
contents as well as alpha activities. All these basalts contain quartz as pre
viously mentioned. These basalts must have been affected by s y ntexis must 
ha v e occurred just prior to solidification, otherwise the oli vine would 
ha v e reacted with the sili ca to form p y roxene. 

Possible geochemical correlations which became evident from this study 
are: the basalts all have similar Cu contents; the upper andesites also have 
similar Cu contents; in the rhyolite and latite group, two of the units have 
similar K, Cu, and Mg contents; two of the tuffs have similar alpha activities 
Mg, and Cu contents; the rhyolites have similar Mg and Ca contents except for 
one more felsic rhyolite; the older andesites have almost identical alpha activi
ties, while the Cretaceous{?) andesites have very few similarities. 

A review of the literature indicates that this recurring sequence of volcanic 
rocks is widespread in southern Arizona, southwestern New Mexico, and north
ern Sonora, Mexico. 

The kind of chemical studies undertaken in this work may be of great value 
in volcanic petrography. Because of the glassy or aphanitic nature of most 
volcanics, the minerals which may be identified in hand specimen or thin section 
frequently represent only a small portion of the total mass of the rock. Con-
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sequent ly, without chemical analysis very diverse rock compositions may be 
classified in the same category and, vice versa, rocks of identical composition 
may be classified in different categories, for example, a porphyritic volcanic 
may be classified as an andesite, whereas, a non-porphyritic facies of the 
same magma may be classified as a basalt. This difficulty can lead to a failure 
in correlation. Thus, combined petrographic and quantitative chemical work of 
even limited extent on porphyries and aphanites is a distinct aid to correlation. 

The origin of these volcanic sequences can be related either to mobilization 
of existing rock in the crust and mantle or to magmatic differentiation . Since 
extremely large parent magmas would be required to supply such large quan
tities of siliceous volcanic rock by differentiation, the former seems more likely. 
On the other hand, the great similarity of the Tertiary sequences suggests that 
they may have been derived from one parent magma or similar parent magmas 
perhaps formed by fractional fusion. The magmas must have been siliceous in 
composition in order to account for the great thickness of felsic rocks. 
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