New Mexico Geological Society
Downloaded from: https://nmgs.nmt.edu/publications/guidebooks/72 @

Horizontal shortening of the Laramide Zuni Arch, west-central New Mexico: A
preliminary study

Jacob O. Thacker, 2021, pp. 281-290

in:

Geology of the Mount Taylor area, Frey, Bonnie A.; Kelley, Shari A.; Zeigler, Kate E.; McLemore, Virginia T.; Goff,
Fraser; Ulmer-Scholle, Dana S., New Mexico Geological Society 72nd Annual Fall Field Conference Guidebook, 310 p.

This is one of many related papers that were included in the 2021 NMGS Fall Field Conference Guidebook.

Annual NMGS Fall Field Conference Guidebooks

Every fall since 1950, the New Mexico Geological Society (NMGS) has held an annual Fall Field Conference that
explores some region of New Mexico (or surrounding states). Always well attended, these conferences provide a
guidebook to participants. Besides detailed road logs, the guidebooks contain many well written, edited, and
peer-reviewed geoscience papers. These books have set the national standard for geologic guidebooks and are an
essential geologic reference for anyone working in or around New Mexico.

Free Downloads

NMGS has decided to make peer-reviewed papers from our Fall Field Conference guidebooks available for free
download. This is in keeping with our mission of promoting interest, research, and cooperation regarding geology in
New Mexico. However, guidebook sales represent a significant proportion of our operating budget. Therefore, only
research papers are available for download. Road logs, mini-papers, Color Plates, maps, stratigraphic charts, and
other selected content are available only in the printed guidebooks.

Copyright Information

Publications of the New Mexico Geological Society, printed and electronic, are protected by the copyright laws of the
United States. No material from the NMGS website, or printed and electronic publications, may be reprinted or
redistributed without NMGS permission. Contact us for permission to reprint portions of any of our publications.

One printed copy of any materials from the NMGS website or our print and electronic publications may be made for
individual use without our permission. Teachers and students may make unlimited copies for educational use. Any
other use of these materials requires explicit permission.


https://nmgs.nmt.edu
https://nmgs.nmt.edu/publications/guidebooks/72
https://nmgs.nmt.edu/ffc/home.html

This page is intentionally left blank to maintain order of facing pages.



New Mexico Geological Society Guidebook, 71* Field Conference, Geology of the Mount Taylor Area, 2021, p. 281-289.

HORIZONTAL SHORTENING OF THE LARAMIDE
ZUNI ARCH, WEST-CENTRAL NEW MEXICO:
A PRELIMINARY STUDY

JacoB O. THACKER
New Mexico Bureau of Geology and Mineral Resources, 801 Leroy Place, Socorro, NM 87801; jacob.thacker@nmt.edu

ABsTRACT—The Zuni Mountains are an anticlinal Laramide arch with marked asymmetry along its southwestern forelimb (Nutria mono-
cline), a low-elevation basement-involved range crest, and a gentle northeast-dipping backlimb (Chaco Slope). However, the range exhibits
considerable along-strike complexity at odds with this simplistic framework. In the northwest Zuni arch, folds are southwest vergent, and
the two dominant reverse faults, the Stinking Springs and McGaffey faults, strike north to northwest and exhibit east to northeast dips. In
the southeast Zuni arch, the dominant fold pattern is northeast vergent and the Sedgwick reverse fault is largely north-northwest striking and
exhibits a west to southwest dip. Minor fault data (strike-slip, conjugate strike-slip, and thrust) from these northwest and southeast domains
show that early horizontal shortening preceded significant folding and faulting, as suggested by restoring bedding to horizontal, and both
domains share similar geometric and kinematic results despite opposing fault polarities and variably-striking (i.e., E-W or N-S) beds from
which minor faults are documented. Similarly, both domains and the range record WSW-ENE directed shortening (051-073° azimuth; 061°
mean azimuth) that is consistent with estimates of shortening on numerous other Laramide arches in the Colorado Plateau and Rocky Moun-
tains. Comparable shortening azimuths suggest that deformational processes between the Colorado Plateau and Rocky Mountain regions
during the Late Cretaceous—Paleogene were similar, and therefore ENE horizontal shortening is the likely means by which the Zuni arch
deformed during Laramide orogenesis. These results and interpretations are not in accord with previously suggested models for Zuni arch
formation by mass transfer and/or Eurasian-style extrusion tectonics.
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INTRODUCTION

The Zuni Mountains (Fig. 1), located between Gallup, Ra-
mah, and Grants, New Mexico, are a structural arch (the “Zuni
arch”) that formed during the Cretaceous—Paleogene Laramide
orogeny (Kelley, 1967). The range is in part a reactivated por-
tion of the earlier and likely larger Zuni-Defiance uplift that
formed during the Pennsylvanian—Permian Ancestral Rocky
Mountains orogeny (Ross and Ross, 1986). Although the
Zuni arch comprises one of the classic Laramide structures
of the Colorado Plateau, its deformation history and structur-
al characteristics have received comparatively little attention.
Complex deformation is observed throughout the range in the
form of (1) opposing reverse fault polarities at either end of
the range, (2) a sinuous range crest, and (3) numerous faults
of variable orientation. The preliminary dataset presented
herein seeks to address some of this complexity by analyzing
the geometry and kinematics of a handful of minor faults in
post-Pennsylvanian (post-Ancestral Rocky Mountains) rocks
across the Zuni Mountains. Many fault kinematic studies have
been conducted in both the Colorado Plateau (e.g., Bump and
Davis, 2003; Bump, 2004) and the Rocky Mountains (e.g., Er-
slev and Koenig, 2009; Weil and Yonkee, 2012; Singleton et
al., 2019) and provide a base by which to analyze the Zuni
arch with similar methods and to compare the results with a
regional dataset. Such work has implications for Laramide de-
formation on the Colorado Plateau, the connection (in space,
time, and style) of Colorado Plateau Laramide arches to their
larger Rocky Mountain counterparts, and, overall, the tectonic
processes responsible for intracontinental strain that formed
Laramide arches of the interior western United States.

Past studies on the Zuni arch have evoked markedly differ-
ent interpretations than those presented in this paper, warrant-
ing future research on the range. For example, Anderson et al.
(2003) suggested initial vertical uplift via mid- to lower-crustal
mass transfer followed by later horizontal shortening for the
northwestern Zuni Mountains, an idea that is tested in this paper
through structural analysis. Additionally, Chamberlin and An-
derson (1989) also utilized fault slickenline data at a number of
locations around the range to suggest that the Zuni Mountains
formed by Eurasian style extrusion tectonics related to a rigid
mid-crustal mafic anomaly south of the south-central Zuni arch.
Chamberlin and Anderson (1989) postulated that this mafic “in-
denter” pushed the southeast Zuni Mountains up north/north-
eastward and laterally extruded the northwest Zuni Mountains
westward, as expressed through numerous strike-slip and re-
verse faults within the range. This kinematic model is tested in
this paper. Mafic crustal anomalies are of interest in other parts
of the Laramide foreland (e.g., Bighorn arch, Wyoming: Worth-
ington et al., 2016), and their role in localizing upper crustal
strain warrants consideration. This paper builds on these previ-
ous works with an expanded dataset on a diverse array of fault
types in different parts of the range and comes to a different
conclusion for the tectonic processes that formed the Zuni arch.

In short, two objectives are addressed in this paper:

1. What is the structural framework of the Zuni
Mountains (fault geometries and kinematics), and what
might be the cause of structural complexity observed?

2. What was the shortening direction responsible for
deformation? Is it consistent at each end of the range? How
does it compare to other Laramide arches and what does it
imply for the tectonic processes that drove deformation?
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FIGURE 1. Simplified geologic map of the Zuni Mountains showing cross section locations (Fig. 2) and data collection sites. Inset map shows relative position of

the Zuni arch in the southern Laramide foreland region. B — Baca basin; BMe —

Belt. Geologic map data modified from Green and Jones (1997).

To address these questions, preliminary geometric and ki-
nematic data and paleostrain analyses are presented in order
to characterize fault geometries and to infer the orientation of
Laramide shortening. Zuni arch data show characteristic fault
geometries and a mean shortening azimuth of 061°. The esti-
mated shortening direction is consistent with other Laramide
arches across the Colorado Plateau and Rocky Mountain re-
gions from Montana—South Dakota to Arizona—New Mexico,
and suggests of a common deformational process that was
pervasive throughout the entire Laramide foreland. Lastly, the
structural data is used to address some of the complex deforma-
tion exhibited by the Zuni arch, namely opposing reverse fault
polarities at each end of the range. It is hypothesized that a
zone of sinistral displacement transfer accommodated strain be-
tween these two opposing domains (northwest and southeast),
although there are currently insufficient data to fully make this
claim. Future work will help to test this hypothesis, as well as
other unanswered structural questions related to the Zuni arch.

Black Mesa basin; R — Raton Basin; SJ — San Juan Basin; CMB — Colorado Mineral

GEOLOGIC SETTING AND LARAMIDE
STRUCTURAL FRAMEWORK

The Zuni Mountains are situated on the southeastern Colo-
rado Plateau and form the southwestern margin of the San Juan
Basin, the northern margin of the Baca basin, and the eastern
margin of the Gallup sag (Fig. 1; Cather, 2004). Proterozoic
basement rock is exposed at four localities and, within the south-
eastern Zuni Mountains, is dated at ca. 1630 and ca. 1430 Ma
(Strickland et al., 2003). Basement rock in the region was up-
lifted and exposed during the Pennsylvanian—Permian Ancestral
Rocky Mountains orogeny as part of the larger Zuni-Defiance
Uplift (Ross and Ross, 1986) and was subsequently buried by
late Paleozoic through Mesozoic sedimentation. Western Inte-
rior Cretaceous Seaway sedimentation started with deposition of
the Upper Cretaceous Dakota Sandstone. Structural partition-
ing of the San Juan Basin took place in the Late Cretaceous—Pa-
leogene Laramide orogeny and resulted in a change to localized
Paleocene—Eocene basin-fill sedimentation (Cather, 2004).



