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Introduction
The Arlington and Gillespie volcanoes west of Buckeye in western Maricopa County, Arizona,
form the northeastern part of a string of basaltic volcanoes that include the extensive Sentinel
volcanic field west of Gila Bend (Fig. 1). Potassium-argon geochronologic age determinations
indicate that basaltic volcanic activity occurred between about 1 and 4 Ma, with significant
variation between different eruptive centers. This review is intended to provide basic
information regarding geologically recent volcanic activity near the Palo Verde Nuclear
Generating Station, and is intended to contribute to a re-evaluation of geologic hazards in the
general area.
The Sentinel – Arlington volcanic field
The Sentinel – Arlington volcanic field extends over about 80 km from Sentinel volcanic field
west of Gila Bend northeastward to Arlington volcano west of Buckeye (Richard et al., 2000;
Cave and Greeley, 2004). Volcanic rocks in the field are olivine-clinopyroxene basalts that form
low relief lava flows and low shield volcanoes, with little evidence of pyroclastic activity (Lynch,
1989; Nealey and Sheridan, 1989; Cave and Greeley, 2007). SiO2 content is ~45-52% (Leeman,
1970; Cave et al., 2007), and 87Sr/86Sr of one sample is 0.7035 (Leeman, 1970). It does not
appear that any intermediate or felsic volcanic rocks were erupted in the field.
Age of the Sentinel – Arlington volcanic field
Arlington volcano, a small, basaltic, low shield volcano at the northeastern end of the Sentinel –
Arlington volcanic field, is located approximately 10 km southeast of the Palo Verde Nuclear
Generating Station (Fig. 1; Cave and Greeley, 2004). Six potassium-argon radiometric dates of
basalt rock samples from Arlington volcano range from 1.28±0.25 to 3.28±0.27 Ma (Fig. 1;
Appendix 1; “Ma” = “mega-annum” or, equivalently, age in millions of years; uncertainty is one
standard deviation), and one 40Ar/39Ar incremental release date yielded a plateau age of
2.37±0.02 Ma (Table 1; Shelby Cave, written commun., 2013). The volcano is geologically
simple, consisting of a single, small, low-relief volcano with no soil horizons between flows
(Cave and Greeley, 2004). Most likely it was erupted in a single volcanic episode of short
geologic duration (<10,000 years), and was not erupted over a 1-2 million year period as
suggested by the range of radiometric dates (Cave and Greeley, 2004). Four of the six
potassium-argon dates from the volcano range from 1.92±0.42 to 2.28±0.21 Ma (Fig. 1), and
suggest that age of the volcano is about 2.1 Ma. The 2.37±0.02 Ma 40Ar/39Ar date suggests that
the volcano is slightly older.
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Gillespie volcano, located approximately 20 km south of the Palo Verde Nuclear Generating
Station, is a morphologically similar low shield volcano without soil horizons or multiple
eruptive centers (Cave and Greeley, 2004). Four of five potassium-argon dates range from
2.67±0.2 to 3.6±0.4 Ma, suggesting that the age of the volcano is approximately 3 Ma. Lee and
Bell (1975, reproduced here as Appendix 2) and Cave (2007) infer that the Gila River was
temporarily dammed by basalt eruption (see also Figure 1 in Greeley and Cave, 2011).
Woolsey volcano, located approximately 35 km south of the Palo Verde Nuclear Generating
Station, consists of a significant area of basalt lava flows around and south of a probable
volcanic vent referred to as “Woolsey cone” (Peterson et al., 1989). Three potassium-argon
dates from the “Basalt of Woolsey cone” of Peterson et al. (1989), 2.58±0.9 Ma, 4.5±0.9 Ma,
and 6.7±1.1 Ma, are spread over such a wide range of ages that the age of this volcano remains
uncertain. Similarity to other 1-3 Ma basaltic rock in the Sentinel – Arlington volcanic field
suggest a similar age, and suggest that the older potassium-argon dates from the Basalt of
Woolsey cone are erroneous.
The Sentinel volcanic field and its outliers west of Gila Bend, including Warford Ranch and
Theba low shield volcanoes (Cave and Greeley, 2004; Greeley and Cave, 2011), cover perhaps
500 square kilometers (Fig. 1). Significantly more of this field appears to be buried by younger
deposits, possibly because of greater age or greater influx of fluvial or eolian sediments. Five
40Ar/39Ar dates from the field range in age from 1.08±0.15 Ma to 2.3±0.035 Ma (Table 1; Cave
et al., 2007; Table 1 data provided by Shelby Cave, 2013). Three potassium-argon dates from
the Sentinel volcanic field range from 3.1±0.9 to 3.44±0.4 Ma, with one date at 1.72±0.46 Ma
(Shoustra et al., 1976; Eberly and Stanley, 1978; Shafiqullah et al., 1980). These dates indicate
that the volcanic field records multiple eruptive events over more than two million years, or
that the older potassium-argon dating yielded erroneously old dates and the field was erupted
between ~1.1 and 2.3 Ma.
Because the Sentinel volcanic field is large and has multiple eruptive centers, it is possible that
the duration of its eruptive history was 2-3 million years, but it is also possible that the field is
~1.0 – 2.5 Ma or even younger, and the older potassium-argon dates are erroneously biased
toward older ages. Such systematic bias has been identified recently in studies of Quaternary
basalts in the western Grand Canyon region, and has been attributed to excess argon trapped in
clays that can be removed with sufficient mineral processing and detected by 40Ar/39Ar
incremental-release dating (Karlstrom et al., 2007; Crow et al., 2008; compare 40Ar/39Ar dates in
Karlstrom et al. [2007, Table 1] with K-Ar dates in Hamblin [1994, Table 1] for basalt units “Gray
Ledge”, “Whitmore”, “Layered Diabase”, “Toroweap”, and “Prospect”). The discrepancy
between older K-Ar and younger 40Ar/39Ar dates in the Sentinel volcanic field will not be
resolved without additional geochronologic study.
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Conclusion
The Sentinel – Arlington volcanic field produced extensive, low relief basalt lava flows and
small, gently sloping basalt shield volcanoes. Available geochronologic data suggest that the
Sentinel – Arlington volcanic field has erupted intermittently over the past 1.1-3.5 Ma, with no
clear migration of volcanic activity within the field. Although there is no geochronologic
evidence for eruptions during the past one million years, the large range of geochronologic
dates from the Sentinel volcanic field, the uncertainties inherent in many of the older
potassium-argon dates, and the large number of eruptive centers, allow for the possibility of
more recent activity that is as yet undocumented.
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Figure 1. Geologic map of the Gila Bend – Buckeye area showing major rock units (from Richard et al., 2000) and potassium-argon
radiometric dates (in millions of years, with analytical uncertainty at one standard deviation). K-Ar dates from late Cenozoic volcanic
rocks (<10 Ma) are from Reynolds et al. (1986). Sample locations are shown as indicated by coordinates reported by Reynolds et al.
(1986), but many of these are probably slightly mislocated because coordinates were not provided with sufficient accuracy. Six
samples were dated by the 40Ar/39Ar method (Cave et al., 2007; Table 1; data from S. Cave and D. Champion, written comm., 2013).
Late Cenozoic K-Ar dates were originally reported by Shoustra et al. (1976, included here as Appendix 1), Eberly and Stanley (1978),
and Shafiqullah et al. (1980). Also shown are dates from middle Tertiary igneous rocks (15-30 Ma), as originally reported by the
sources listed above and by Spencer et al. (1995).
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Appendix 1
Geochronology of the Sentinel Volcanic Field
Originally Published as
Appendix 2Q
Radiometric Age Dating
Dr. Paul Damon (Univ. of Arizona)
Tucson, Arizona
And
Geochron Laboratories Division
Krueger Enterprises, Inc.
Cambridge, Massachusetts

In: Shoustra, J.J., Smith, J.L., Scott, J.D., Strand, R.L. and Duff, D., 1976, Geology and
seismicity, site lithologic conditions and Appendix 2Q (radiometric dating in Palo Verde
Nuclear Generating Station 1, 2, and 3, Preliminary safety analysis report: Arizona Public
Service Commission, v. 2, p. 2.5-60, 2.5-76 and v. 8, Appendix 2Q.
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Appendix 2.
*LATE CENOZOIC GEOLOGY ALONG THE GILA RIVER NEAR GILLESPIE DAM, CENTRAL ARIZONA
Lee, Gaylon K., Fugro, Inc., 3777 Long Beach Boulevard, Long Beach, California 90807; Bell, John, Fugro, Inc., 3777 Long
Beach Boulevard, Long Beach, California 90807
Detailed geomorphic and age dating studies on remnants of three paired terraces along the Gila River near Gillespie
Dam, Arizona (43 miles west-southwest of Phoenix) indicate that (1) the Gila River has incised at least 3 times since its
integration between the Phoenix and Gila Bend Basins, and (2) the two higher terraces are at least late Pliocene in age,
somewhat older than previously thought. The three terrace leve.ls are 80, 40 and 20 feet above the present
Gila River channel. Old pediments and alluvial fan deposits from the adjacent Gila Bend Mountains were graded to and
interfingered with deposits of the 80 foot terrace, the highest level of deposition by the Gila River. The 40 foot terrace is
relatively well preserved and locally covered by basalt flows near Gillespie Dam and Arlington, Arizona (potassium-argon
dated at 3.3 million years and about 2 million years, respectively). The Gillespie Basalt Flow dammed the Gila River at
the west end of the Buckeye Hills forcing the river to cut a narrow gorge through Miocene volcanic rocks ~ few
thousand feet east of its former channel. Alluvial fans, local pediments, and tributary stream terraces were graded to the
40 foot terrace after extrusion of the Gillespie Basalt. Young alluvial fans at the border of the old river flood plain were
graded to the 20 foot silty terrace level. Potshards of the Hohokam Indian culture contained within deposits of the 20
foot terrace are about 1,100 years old.
*Permission to include this abstract in its entirety requested of the Geological Society of America.

