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Peter's Dome area, Jemez Mountains, New Mexico

by Fraser Goff, Jamie N. Gardner, and Greg Valentine, 1990

Los Alames National Laboratary, Los Alamos, New Mexico 87545

INTRODUCTION

5t. Peter’s Dome, one of several ridges and peaks commonly
referred to as the San Miguel Mountains, is an uplifted fault
block of volcanic and sedimentary rocks lying southeast of
Valles caldera and overlying the western margin of the Rio
Grande rift (Fig, 1), Valles caldera represents the culminating
voleanic cvent in the development of the Miocene to Quater-
nary Jemez volcanic field and is considered to be one of the
world's “type” resurgent calderas (Smith and Bailey, 1968;
Smith et al,, 1970}, In recent years, Valles caldera has been the
focus of intense geothermal exploration and development
{Laughlin, 1981; Goff and Grigsby, 1982) and has become a
prime target for scientific investigation by the Conlinental
Scientific Drilling Program (Goff and Gardner, 1958}

The Rio Grande rift consists of a series of late Tertiary
sedimentary basing that stretch from Colorado to northern
Mexico and are characterized by active extension and seismi-
city, high heat flow, and Cuaternary basaltic voleanismi{Riecker,
19749}, Continued growth of Los Alamos National Laboratory
and the communities of Los Alameos and White Rock, which lie
adjacent to Cuaternary fault zones of the Kio Grande rift, has
raised concerns abomt seismic hazards (Gardner and House,
14987 Howse and Cash, 1988}, Because St, Peter's Dioime area
provides one of the best exposures of early Jemez Mountains
voleanism and is upfaulted against the Pajarito fault zone, the
area was chosen for detailed mapping to provide background
informalion for basic research in the Jemez Mountains and for
seismic hazards on the Pajarito Plaleau. Much of the petrogen-
etic, stratigraphic, and tectonic significance of the 5t Peter's
Diome area has been previously discussed {(Gardner and Goff,
1984; Gardner, 1985; Gardner et al., 1988), Field guides with
photos of many geologic points of inferest in the area can be
found in Self e al. (1987) and Goff ot al. (1989). Ceologic
mapping was performed during 1980 through 1985,
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STRATIGRAPHY

The general stratigraphy of the 5t Peter’s Dome area was
originally defined by Dailey et al. (1968) and later refined by
Gardner and Goff {(1984) and Gardner et al. {198a). The oldest
rocks in the map area arc west-lilted sandstones and conglom-
erates of the Eocene Galisteo Dormation. This sequence is
bounded on the east and southeast by the Pajarito fault zone
and is unconformably overlain by nonindurated to weakly
induraled sandstones and silistones of the hMiocone Santa Fo
Group. Whereas the Galistes Formation dips from 35° t0 457W,
the 5anta Fe Group typically dips from 7° to 15°5W, Many thin
flows and pillow—palagonite zones of alkali basalt are scattered
throughout upper horizons of the Santa Fe, and a K-Aragean

one of these basalts is 165 Ma {Table 1' Unconformably
overlying the Sanka Fe Group is the Kerer Group, the earliest
sequence of Jemez volcanic rocks. Volcaniclastic rocks of the
Keres Group generally dip from 3° to 107°W.

As defined by Bailey et al. (1969), the Cores Group consists of
the following units (oldest to youngasty:  basalt of Chamisa
Mesa, Canovas Canyon Rhyolite, Faliza Canyon Formation,
and Bearhead Bhyolite. Tach of these unils was originally
thought tobe a discrete isochronows unit, but aur mapping at 5t.
Peter's Dome coupled with détalled mapping by Gardner
{1985} in Keres Group rocks farther to the west shows that there
is substantial time overlap of the units and that the basalt of
Charnisa MMesa is an artificial unit designation.

The loswest unit of the Keres Group that has widespread
exposure is a distinctive pink lithic-rich ash-fall tuff of Canowvas
Canyon Rhyolite. This unitis exposed along several kilometers
of cliffs and canyons on the south and east sides of 5t Peter's
Daome. A thick flow of Canovas Canyon Rhvolite that directly
overlies “pink tufl” in Sanchez Canyon has a composite K-Ar
age of 124 Ma, Locally, the “pink tuff” has been removed by
erasion, and vounger Keres Group racks directly overlie Santa
FeGroup. Abasalt flow in the bottom of Capulin Canyon north
of 5t. Peter's Dome has a K—Ar age of 11.3 Ma. Above the alder
undks is a complicated sequence of Keres Group domes, flows,
and tuffs ranging from basalt through rhyolite that are inter-
bedded with lahars and fluvial deposits of the Cochiti Farma-
tien. There is no visible compositional progression in this
sequence of rocks, which consists primarily of andesitic to
dacitic units of the Paliza Canyun Formation. Canowas Canyon
Rhyolite intrusions and fows as young as 9.2 Ma are found at
all levels in the fower two-thirds of the Paliza Canyon Forma-
tiom. These complex relations are best exposed in Sanchez
Canyon.” The youngest Paliza Canyon unit is a porphyritic
andesite (low capping the summit of 5t Peter's Dome at 8.69
Ma, but ather andesite and dacile units in the map area range
from 4.5 to 8.8 Ma.

The Cochiti Formation is a volcaniclastic unii of lahars,
fluvial deposits, and minor cinder cone debris that was shed
intetopographically low arcas bebween Paliza Canyon volcanic
centers. The unit generally thickens {0 the south and east
toward the Rio Grande rift.  Although some volcaniclastic
deposits can be found at all strabgraphiclevels in the map area,
very thick Cochili deposils are exposed in Cochiti Canyon,
Sanchez Canyon, and along the easiern ridges of 5t Peter's
Dome, Radiometric dates on underlying and overlying vol-
canic units at these locations bracket this major thickness of
Cochitl beiween 9.3 and 5.7 Ma., Although several layers of
rthyolitic ash that carrelake with the Canovas Canyon Rhyalite
are discontinuously exposed in the Cochiti Formation, many

thin flows of Paliza Canyon andesite are commonly observed.

However, at 5t. Peter’s Dame, the Cochiti Formation is present
a5 a continuens mappable layer, suggesting that the Maliza
Canyon Formation might be subdivided into two volcanic
suiles, the lower 5t Peler's Dome sequence and upper Cerro
Pelado sequence of Gardner (T955),

Overying the Paliza Canyon and Cochiti Formations are
intrusions, domes, flows, and tuffs of Bearhead Ehyolite. The
first major eruption of this unit formoed the widespread white
Peralta Tuff composed of ash falls, ash flows, and reworked
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FIGURE 1—Location map of St. Peter's Diome area, New Mexioo showing major physiographic features.

fluvial tuffs. Peralta Tuff is very thick in Bland, Medio dia, and
lower Cochiti Canyons but thins eastward due ko faulting and
reneral thickening of the underlying Paliza Canyon Formation,
A K-Ar date on pumice from an ash bed in the Percalta Tuff at
Peralta Canyon is 6.81 Ma. Bearhead Ehyolite domes, flows,
and intrusions range in age from 7.1 to 6.2 Ma, suggesting a
possible pverlap in activity between dome eruptions and erup-
tion of Peralta Tuff.

Overlying the Keres Group is one How of Tschicoma dacite of
the Polvadera Group in upper Frijoles Canyon {3.77 Ma) and
flornws and tuffs of the Tewa Group. Tewa Group rocks consist
primarily of welded Tshirege and Otowi Members of the Ban-
delier Tuff (1.45and 1.12 Ma, respectively). The Otowi Member
is thickest northwoest of St Teter’s Dome, suggesting it ponded
in a low area between Valles caldera and the uplifled dome
cantplex. Thin fAowsand tuffs of Babbit Mountain thyolite (1.43
Ma) crop out between the Bandelier tuffs in the northwestern
portion of the map area. The youngest volcanic unit is ash-fall
tuff of El Cajete pumice vented in Valles caldera, which has
accumulated on south- and east-facing slopes and has formed
a thin veneer an platcau tops. This unit is dated at approxi-
mately 0,15 Ma (Self et al, 1985).

In the south-central Jeme:s Mountains, Keres Group rocks
overlie hydrothermally altered voleanic and hypabyssal rocks
of the Cochiti mining district (Bland group of Stein, 1983).
Although Smith et al. (15970} show the contact as unconform-
able, R. A. Bailey (pers. comm. 1980) states that the map contact
is placed somewhat arbitrarily because of uncertain relations
between the two groups. Smith et al {1970} show that the Bland
group rocks are of ‘probable Eocene or Oligocene age, appar-
ently based on their resemnblance to simibar rocks inthe Cerrillos
IIills and Crtiz Mountaing; however, Ross et al. (1961} pre-
sented an “inconclusive lead alpha age determination on «ir-
cons” of 19 Ma. Stein (1983} obtained a K-Ar dale on feldspar
from a monzonile porphyry, one of the younger units in the
Bland group, of 11.2 Ma. Reconnaissance in the Bland group
indicates that andesitic dikes are numerous, “country rock” in
the area is two-pyroxene andesite, and high-silica rhyolite is
abundant. All of the rodk types, including the monzonite
purphyty, are petrographically similar bo Keres Group rocks as
described in the rock descriptions of this map. Purthermore,
Wronkiewicz et al. (1984) indicate that the gold mineralization
in the Cochiti district postdates Bearhead Bhyolile (76 Ma),
These relations, together with Stein’s date, suggest that the
Cochit district rocks are the interior of a dissected Keres Group
wolcann.

STRUCTURE

The southern segment of the ajarito faull zone as defined
here stretches from WM—4 near the southwestern corner of Los
Alamos County south across the east side of 5, Peter’s Dome.
Al this point the fawdt zone splays with one group of faults
continuing due south ko south-southeast towards La Bajada
fault east of the Rio Grande and the other group of faults
trending southwest for another 5-6 km. Our detailed geologic
map in the St. Peter’s Dome area does nol show the southern
termination of gither group of faults comprising the Pajarilo
fault zone. Smith et al, (1970} show the south-trending splay

joining La Bajada fault and show the southwest-trending splay
bending south and dying out in Tertiary sediments in the
northern Santa Dominge Basin,  Along its entire length the
southern segment of the Pajarito fault zone is a major fault,
showing significant offset of stratigraphic units and zones of
gouge and breceia,

Thenorthern half of the southern segment of the Pajarito fault
zone is a belt roughly 1 km wide marked by two parallel faults
with wvisible down-to-the-east displacement in the Tshirege
Member of the Bandelier Tuff, The maximum displacement of
the west fault is about 200 m judging from physiographic
evidence an the mesa south of Frijoles Canyon.  Maximum
displacement of the east fault is about 90 m in the vicinity ofthe
Stone Lions in Bandelier National Monument. At least three
cross faults conmect the major north-south faults alomg this part
of the Pajarito fault zone. Although physiographic evidence is
the easiest way to locate the fault traces, exposures of fault
pouge and breceia can be cbserved in the walls of Frijoles,
Alamo, Capulin, and Hondo Canyons.

In the vicinity of 5t Peter's Dome, the displacement of the
west fault decreases. The fault vanishes beneath 2 very large
landslide on the northeast side of the dome. South of the
landszlide the west fault juxtaposes both Santa Fe Group and
(alisleo Formation against the Tshirege Member of the Bande-
lier Tuff. Maximum displacement in Bandelicr Tuff is 40} m,
down to the east, in the vicinity of Red Canyon,

South of Red Canyon, the west fault of the Pajarito fault zone
bends sharply southwest. Close to Red Canyon, west-dipping
red beds of Calistea Formalion are sheared and drag folded to
the southeast into the fault. The fault plane dips 70°SE, and the
Bandelier Tuffis relatively undeformed save for fracturing and
brecoiation. Farther to the southwest the fault generally juxta-
poses flat-lying Bandelier Tulf {sputheast) against Santa Fe
Group, Keres Group andesite and rhyalite, Cochiti Formation
gravels, Peralta Tuff, and, in one place, Quaternary alluvium,
Maximum displacement is about 120 m in the Bandelier Tuff
between Cochiti and Bland Canyons. Maximum displacement
in the older rocks is unkaown but could easily exceed 300 m.

South of the Stone Lions, the east fault of the Pajarito fault
zone continues south to south—southeast, but displacements
diminish abruptly, and physiographic demarcation of the fault
is rmuch less obvious, The best place toobsetve the faull is inan
unnamed side canyon west of Capulin Canyon where brecci-
ated Bandelier Tuff can be seen in the canyoen wall and Peralta
Tuff (west) is faulted againsl Keres Group andesite and older
alluviwm inthe canyon bottom. Maximum displacement in the
Bandelier Tuff is no more than 20 m although displacement in
the older rocks may easily exceed 100 m. Farther south the east
splay of the Pajarito faull zone is not easily located by surface
mapping but appears to trend across the Rio Grande toward
the obvious scarp of La Bajada fault.

Because ol the unconformable nature of contacts bebween
Galisteo Formation (dip 45*W), Santa Fe Group (dip 10°5W),
Cochiti Formation (dip 3°-5°"NW}, and Bandelier Toff (dip
3°-5°5E} in the vicinity of the Pajarito fault cone and because of
the observable brecciation in older rock units cut by the Pajarito
fault zone, it is clear that the Pajarito faull zone has been active
for several million vears. In fact, the large unconformity
between Calisteo and Sanla Fe, which has a basalt flow daked

texf continued on Sheer 2




