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POTASSIUM-ARGON DATES FROM THE JEMEZ VOLCANIC FIELD: IMPLICATIONS FOR
TECTONIC ACTIVITY IN THE NORTH-CENTRAL RIO G RANDE RI FT
JAMIE N. GARDNER and FRASER GOFF
Earth and Space Sciences Division, Los Alamos National Laboratory, Los Alamos, New Mexico 87545

INTRODUCTION
The Jemez Mountains volcanic edifice straddles the western margin
of the Rio Grande rift which is locally expressed as three basins (Fig.
1). Volcanism in the Jemez Mountains has been intimately related to
mid-Miocene through Quaternary tectonic activity of the Rio Grande
rift (i.e., tectonic activity following the mid-Miocene volcanic hiatus
of Chapin and Seager, 1975). Our work in the volcanic field has shown
that tectonic activity has had a major influence on the dominant magmatic processes that were operative during various episodes of the
volcanic field's development (e.g., Gardner, 1983, 1984). Hence, information regarding tectonic activity in the north-central rift can be
inferred from studies of structures and timing of volcanism, with additional credibility provided by the petrology and petrogenesis of the
volcanic products themselves. A discussion of the geochemical evidence
for the petrogenetic models we use is beyond the scope of this paper;
however, data supporting the petrogenetic models include major- and
trace-element, microprobe, and Sr and 0 isotopic analyses (Gardner,
1982, 1983, 1984; Loeffler, 1984). In this paper we outline the geology

and petrogenesis of the volcanic field, present new and existing radiometric dates, note variations of volcanism with respect to time, present
some important relations of certain fault zones in the area, and summarize these data with emphasis on implications for tectonic activity
in the north-central Rio Grande rift.

OUTLINE OF GEOLOGY AND PETROGENESIS
The Keres Group (Fig. 2), which comprises nearly half of the volume
of the entire volcanic field, consists of rocks derived from magmas of
two distinct sources: the upper mantle and the lower crust. Mafic magmas derived from the upper mantle differentiated through a broad spectrum of compositions, but gave rise to about 1,000 km' of two-pyroxene
andesite. Magmas derived from partial melts of lower crust produced
relatively minor volumes of chemically distinctive high-silica rhyolite.
The Keres Group volcanism was accompanied by intense rifting, as
suggested by field relations of mafic—intermediate rocks interbedded
with widespread deposits of lahars and immature basin-fill gravels of
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the Cochiti Formation (Fig. 2), and fault control of the locations of
high-silica rhyolite vents.
The best model for the genesis of the Tschicoma Formation (Fig. 2),
whose latites and quartz latites dominate the 500 km' Polvadera Group
(1. D. MacGregor, pers. comm. 1981), involves mixing of mafic and
silicic magmas (Loeffler, 1984). End-member compositions for this
mixing are approximated by basalt or basaltic andesite and high-silica
rhyolite of the Keres Group. Smith and others (1970) indicate a paucity
of faults in exposures of the Tschicoma Formation, and no apparent
relations of vent locations to faults. While volcaniclastic debris derived
from the Polvadera Group formed fan deposits of substantial volume
(Puye Formation, Fig. 2) farther east in the Espanola Basin, field reconnaissance indicates virtually no significant basin-fill deposits intercalated with the Polvadera volcanic pile.
Mantle-derived magmas eruped at the basinward periphery of the
main body of the volcanic field on the south, east, and north as the
basalt fields of Santa Ana Mesa, Cerros del Rio, and El Alto, respectively (Figs. 2, 3) (Smith and others, 1970; Baldridge, 1979). The Tewa
Group volcanism, dominated by the rhyolitic Bandelier Tuff, provided
the culminating phase of the development of the Jemez volcanic field
(Fig. 2). More than 500 km' of tuff eruped from a large, zoned magma
chamber whose bulk composition was probably identical to the Tschicoma latitic compositions (Smith, 1979; Self and others, in prep.).
Spatial and temporal overlap of the Bandelier magma and Tschicomalike latite eruption supports this suggestion for the probable bulk composition of the Bandelier magma chamber, and strongly suggests parental relations of the Tschicoma Formation to the Tewa Group (Doell
and others, 1968; Smith and others, 1970; Smith, 1979; Gardner, 1983,
1984; Self and others, in prep.).
POTASSIUM—ARGON DATES AND TIMING OF VOLCANISM
Twenty new potassium—argon dates (Table 1) have been obtained to
constrain the timing of Keres Group volcanism. Sample F81-50, a
basanite from a sequence of alkali basalts interbedded with lower Santa
Fe Group arkosic sediments east of St. Peter's dome (Fig. 3), has
yielded the oldest date in the area, of 16.5 ± 1.4 m.y. (see Table 1 ).
While these alkali basalts are probably not petrogenetically related to
volcanism in the Jemez volcanic field, they may be indicative of the
onset of the thermal and tectonic events that have driven, or influenced,
magmatism throughout development of the volcanic field (Gardner,
1984). Field relations together with the data of Table 1 (samples JG8053 and F82-108) indicate the Keres Group volcanic activity began >13
m.y. ago. The Keres Group volcanism apparently waned by about 6
m.y. ago (samples JG80-49, JG8162, F82-77, and F82-117; Table 1),
and overlapped with early Tschicoma Formation volcanism (Fig. 2).
The new dates (Table 1), a compilation of 95 available dates from
the Jemez volcanic field and nearby areas (Table 2), and detailed geologic mapping, make possible the refinement of stratigraphic relations
shown in Figure 2. Perhaps the most significant result of the refinement
of stratigraphic relations is that the cyclic nature of volcanism implied
by the formal stratigraphy is erroneous (see fig. 2 of Bailey and others,
1969; and Smith and others, 1970). Volcanic activity has been essentially continuous in the Jemez Mountains for the last 13 m.y. The Lobato
Basalt volcanism occurred entirely within the time span of the Paliza
Canyon activity, and, based on the dates and field relations, the boundary between the Canovas Canyon and Bearhead Rhyolites in Figure 2
is somewhat arbitrary.
Figure 4 is a graphic depiction of the compilation of dates plotted
with respect to the predominant petrogenetic magma type outlined above.
A number of features of Figure 4 are particularly noteworthy:
(1) While eruptions of the mantle-derived basaltic magmas spanned
the volcanic field's entire >13 m.y. history, there was a gap in
basaltic volcanism in the period 7-4 m.y. ago. Stratigraphic
constraints on the dated basalts indicate that this gap is not the
result of sampling bias. Those mantle-derived basalts that were
erupted after the 7-4 m.y. lull in basaltic volcanism are the basalts
of Santa Ana, Mesa, Cerros del Rio, and El Alto, which are
distinctly peripheral to, and partially encircle, the main body of
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the volcanic field (Fig. 3). Earlier basaltic volcanism, >13-7
m.y. old, comprises the basalts of the Paliza Canyon Formation
and the Lobato Basalt of the Keres and Polvadera Groups, respectively (Fig. 2, Table 2).
(2) Magmas derived by differentiation of mantle-derived material
were erupted early in the volcanic field's history, in the period
>10-7 m.y.B.P. These magmas are represented predominantly
by the andesites and less voluminous latites of the Paliza Canyon
Formation of the Keres Group (Table 2).
(3) High-silica rhyolite magmas, derived from partial melts of lower
crust, were continuously erupted in the period >13-6 m.y.B.P.,
early in the field's history. These crustal partial melts are the
tuffs and domes of the Canovas Canyon and Bearhead Rhyolites
of the Keres Group.
(4) Latites, quartz latites, and dacites formed by mixing of basalt or
basaltic andesite and high-silica rhyolite magmas began to be
erupted about 7 m.y. ago, at the same time as the beginning of
the 7-4 m.y. lull in basaltic volcanism mentioned in (1) above.
Furthermore, the onset of the eruption of these mixed latites and

dacites was essentially contemporaneous with the cessation of
eruption of differentiates of basalt (Paliza Canyon intermediate
rocks) and the high-silica rhyolites discussed in (2) and (3) above,
respectively.
(5) The onset of the Tewa Group volcanism ("Bandelier cycles")
was essentially contemporaneous with the revival of basaltic
volcanism at about 4 m.y.B.P., discussed in (1) above, and overlapped with the waning eruptions of mixed magmas discussed
in (4).
FAULT ZONES
Figure 3 shows the four major fault zones in the immediate vicinity
of the Jemez volcanic field as the Jemez, Santa Ana Mesa, Pajarito,
and Canada de Cochiti fault zones. The reader familiar with the general
geology of the Jemez Mountains will note apparent discrepancies between the names we employ for fault zones and names used by some
previous workers (e.g., Kelley and others, 1976; Kelley, 1978; Woodward and Ruetschilling, 1976; Woodward and others, 1977). It is important to realize that the names we use are applied to fault zones, not
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to individual faults. The Canada de Cochiti and Santa Ana Mesa fault
zones are commonly referred to as a single zone, also known as the
San Felipe fault zone. However, we distinguish two fault zones based
on age and sense of displacement: the Santa Ana Mesa fault zone is
the active eastern boundary of the Albuquerque Basin south of the Jemez
Mountains, and the Canada de Cochiti zone is the inactive (see below)
western boundary of the Espanola Basin east of, and containing, the
Jemez Mountains. While the fault zones shown in Figure 3, except the
Canada de Cochiti zone, are currently seismically active (Cash and
others, 1982), most important to this discussion are the Pajarito and
Canada de Cochiti zones.
The Canada de Cochiti fault zone is a broad swath of north-trending
normal faults that cuts the Keres Group rocks in the southern Jemez
Mountains. The fault zone is obliterated by the Valles caldera, but is
exposed in Mesozoic—Tertiary rocks north of a paleovalley eroded along
the faults and filled with unfaulted Bandelier Tuff (dotted fault in Fig.
3) (Smith and others, 1970; Lawrence, 1979). Most faults in the Canada
de Cochiti fault have a down-to-the-east sense of displacement, and we
estimate more than 500 m of cumulative offset across the fault zone.
Because the volcanic and volcaniclastic deposits of the Keres Group
are both cut by faults of this zone and thicken to the east across the
fault zone, these faults were active during the Keres Group volcanism.
Rhyolites of the Canovas Canyon and Bearhead Formations are intruded
along these faults, but commonly the Bearhead domes (see Table 2)
are not themselves faulted. Hence, faults of this zone originally represented the western boundary of the Espanola Basin of the Rio Grande
rift and became inactive sometime prior to about 6 m.y. ago.
The Pajarito fault zone is a narrow band of north- and northeasttrending normal faults (Griggs, 1964; Smith and others, 1970; Golombek, 1981) which, we suggest, defines the present western boundary
of the Espanola Basin of the Rio Grande rift. A very deep part of the
Espanola Basin is adjacent to this fault zone, as suggested by more
than 1,500 m of basin-fill sediments immediately east of the fault zone
(Budding, 1978; Cordell, 1978; Goff and Grigsby, 1982). Faults of this
zone show predominantly down-to-the-east sense of displacement and
evidence of episodic or multiple faulting events indicated by progressively larger amounts of offset in older rock units (Griggs, 1964). The
Pajarito fault zone offsets the I.1-m.y.-old Bandelier Tuff by more than
100 m, and, as mentioned above, is currently seismically active (Griggs,
1964; Smith and others, 1970; Cash and others, 1982). Based in part
on the work of Manley (1976a, 1979) in the northern Espanola Basin,
Golombek (1981, 1983) and Golombek and others (1983) have suggested that the Pajarito fault zone became active since about 5 m.y.
ago. Thus, fault activity bounding the western margin of the Espanola
Basin apparently shifted from the Canada de Cochiti fault zone, discussed above, to the Pajarito fault zone since roughly 6-5 m.y. ago.
The northeast-trending segment of the Pajarito fault zone southeast
of St. Peter's dome appears to be older than portions of the fault zone
further north, and is probably not directly related to the Espanola Basin
(Figs. 1, 3). Movements on this segment of the fault have caused tilting
of large blocks northwest of the fault trace with increasing amounts of
tilt in progressively older rock units (Smith and others, 1970). Contrary
to the conclusions of Golombek (1981; 1983), our detailed mapping
corroborates these relations shown on the regional map of Smith and
others (1970). Eocene Galisteo Formation rocks dip 25-45° NW, Santa
Fe Group deposits dip 5-15° NW, and lower Keres Group rocks dip
__10° NW (Gardner, 1984; Goff, in prep.), indicating this segment of
the Pajarito fault zone is at least older than lower Santa Fe Group
deposits at this locality (>16.5 m.y.B.P., see sample F81-50 in Table
1).
The northeast trend and substantially older age than portions of the
fault zone further north suggest that this segment of the Pajarito fault
zone may be associated with the northeast-trending Santo Domingo
Basin. Alternatively, this older, northeast-trending segment of the fault
zone may reflect the structural grain imparted to the area by the Jemez
lineament, which is locally manifested as the Jemez fault zone, resurgent
and subsurface structures in Valles caldera, and the Toledo embayment
(Fig. 3) (Smith and others, 1970; Goff and Kron, 1980; Goff and
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Gardner, 1980; Goff, 1983; Gardner, 1983, 1984; Self and others, in
prep.).

SUMMARY AND DISCUSSION
Following the mid-Miocene volcanic hiatus of Chapin and Seager
(1975), revived rifting in the vicinity of the Jemez Mountains began
about 16.5 m.y. ago as indicated by the age of the basanitc within the
lower Santa Fe Group (sample F81-50, Table 1) and the age of the
northeast-trending segment of the Pajarito fault zone near St. Peter's
dome. From 13 to 10 m.y.B.P. tectonic activity was probably intense.
Basalts and high-silica rhyolites were vented during this period along
faults of the Canada de Cochiti zone; they are interbedded with immature
basin-fill gravels and lahars of the Cochiti Formation. The Cochiti
Formation deposits thicken dramatically from west to east into the rift
across the Canada de Cochiti fault zone. In the period 10-7 m.y.B.P.,
basalt, high-silica rhyolite, and differentiates of basalt were rapidly
vented (Fig. 5) because open conduits were provided by on-going extension across the Canada de Cochiti fault zone. Golombek and others
(1983) suggest that intense tectonic activity in the area occurred around
10 m.y. ago, which for the most part agrees with our inferences from
field relations and the fact that more than half the volume of the entire
volcanic field was erupted during the 3 m.y. interval 10-7 m.y. ago
(Fig. 5). Golombek (1981, 1983), however, suggests that tectonic activity around 10 m.y.B.P. was concentrated within a now-buried graben
in the central Espanola Basin, east of the Pajarito fault zone, in order
to account for the apparent discrepancy between estimates of maximum
offset on the Pajarito fault zone and the tremendous thickness of basinfill material immediately adjacent to the fault, as indicated by various
geophysical studies. Golombek (1981, 1983) cites the gravity interpretation of Budding (1978), and Golombek and others (1983) cite the
gravity model of Cordell (1979) as evidence of this hidden graben.
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Other geophysical studies in the same area (detailed gravity by Williams, 1979; seismic reflection by E. F. Homuth, pers. comm. 1979;
see also summary in Goff and Grigsby, 1982, and Cordell, 1979, profile
C—C') do reveal intrabasin faults, but do not corroborate the existence
of a large, buried graben. Furthermore, scrutiny of Budding's (1978)
interpretive cross sections reveals that the position of the Pajarito fault
zone is plotted incorrectly: the gravity low ("buried graben") is not
some distance east of the Pajarito fault zone, it is bounded by the fault
zone on the west. Our work indicates that displacement across the
Canada de Cochiti fault zone together with a post-4 m.y.B.P. displacement on the Pajarito fault zone can accommodate most of the 1,500 m
of basin-fill sediment immediately east of the Pajarito fault zone. Hence,
tectonic activity prior to 10 m.y.B.P. was probably not restricted to
central parts of the Espanola Basin, but rather was concentrated within
the Canada de Cochiti fault zone, defining the western boundary of the
basin.
At about 7-6 m.y.B.P., differentiates of basalt and high-silica rhyolite
stopped being erupted, mixed magmas began to be eruped, and there
was a sharp reduction in the "rate" of volcanic activity (Fig. 5). At
about the same time, the beginning of the 7-4 m.y.B.P. lull in basaltic
volcanism occurred, and the Canada de Cochiti fault zone became
inactive. Furthermore, the 7-4 m.y. lull (or a sharp reduction in the
apparent volume of basaltic volcanism during this period) has been
noted elsewhere in or near the rift (Baldridge and Perry, 1983; A. W.
Laughlin, pers. comm. 1983; Seager and others, 1984) and may be
indicative of events of regional significance. Because of the intimate
association of basaltic volcanism and intense tectonism earlier in the
volcanic field's history, we suggest that the gap in basaltic volcanism
is indicative of a lull in tectonic activity. The reduction in the rate of
volcanic activity and the petrogenetic transition from differentiates of
basalt to hybrid latites at about 7 m.y. ago reflect a change in the
dominant magmatic processes in response to the tectonic lull. Instead
of being rapidly vented, as in earlier, more tectonically active stages
of the field's development, pockets of basalt or basaltic andesite began
to coalesce with pockets of high-silica rhyolite and continued to grow
into large magma chambers from which small portions were erupted as
hybrid latitic lavas. It is probable that these large, hybrid-magma chambers developed chemical and mineralogical zonation, and ultimately
gave rise to the Bandelier Tuff (Smith, 1979; Self and others, in prep.).
Spatial and temporal overlap of Bandelier-like and Tschicoma-like hybrid eruptions further suggests parental relations of Tschicoma magma
chambers to the Tewa Group (Doell and others, 1968; Smith and others,
1970; Smith, 1979; Gardner, 1983, 1984; Self and others, in prep.).
Manley (1976a, 1979) suggests intense faulting during the period 53 m.y.B.P. in the Velarde graben in the northern Espanola Basin, and
Golombek (1981, 1983) and Golombek and others (1983) estimate that
the Pajarito fault zone became active around 5 m.y. ago. As a refinement
of this estimate, we suggest that basin-bounding activity shifted from
the Canada de Cochiti zone to the north-trending part of the Pajarito
fault zone at about 4 m.y.B.P. Golombek (1981. 1983) suggests that
the position of the Pajarito fault zone is controlled by the location of
an abrupt facies change from volcanic to volcaniclastic rocks. It is
improbable that these deposits, which constitute a thin veneer relative
to the sequence of units cut by the fault zone and the minimum depth
of penetration of the fault (e.g., see Goff and Grigsby, 1982), could
control the position of the fault. Instead, we suggest that during the 74 m.y. tectonic lull the development of large, hybrid-magma chambers
within the crust beneath the center of the volcanic field caused a shift
in basin-bounding faulting from the Canada de Cochiti zone to the
Pajarito zone, with revived tectonism at about 4 m.y.B.P. renewed
basaltic volcanism at about 4 m.y. ago, caused by revived tectonic
activity, gave rise to the basalt fields that are peripheral to, and partially
encircle, the main body of the volcanic field. The peripheral positions
of these young basalt fields may also indicate the existence of large
magma chambers beneath the center of the volcanic field. Tectonic
activity has continued from about 4 m.y. ago to the present, accompanied by the voluminous eruptions of Bandelier Tuff from the large,
hybrid-magma chambers.

Golombek and others (1983) present rates of extension for the Espanola Basin which, in light of the new K—Ar dates presented herein
and our evidence for episodic rifting for >16.5 m.y., are probably
unrealistic. Golombek and others (1983) also provide an estimate of
about 10% total extension across the basin. It is not clear from their
discussion what data were used to generate this estimate, but if they
did not include the movements on the Canada de Cochiti fault zone,
as may be inferred from the above discussion of the "buried graben,"
their estimate is much less than minimal.
The interval that we suggest as a tectonic lull (7-4 m.y. ago) is
precisely the interval that is widely cited as one of rapid uplift throughout
the Rio Grande rift (e.g.. Chapin, 1979). The works of Axelrod and
Bailey (1976), Taylor (1975), and Scott (1975) are cited in support of
rapid uplift occurring 7-4 m.y. ago; however, these authors only state
that uplift in the Rio Grande region must have occurred sometime since
7 m.y. ago. Manley (1979) presents evidence that relatively intense
faulting occurred in the Velarde graben in the northern Espanola Basin
sometime during 5-3 m.y.B.P. Therefore, our suggestion of the 7-4
m.y. tectonic lull is consistent with, and/or supported by, the works of
Axelrod and Bailey (1976), Scott (1975), Taylor (1975), and Manley
(1979).
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