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Abstract—This paper provides a summary of the geology of the Nacimiento nexus area. This area is a diffuse intersection among the Col-
orado Plateau to the west, the Rocky Mountains to the north, and the Rio Grande rift to the east, and it is transected by the Jemez volcanic 
lineament. This synopsis, and the references provided for this region, may be useful as regional context for students and participants of the 
New Mexico Geological Society 2024 Fall Field Conference.

New Mexico Geological Society Guidebook, 74th Fall Field Conference, 2024, p. 105–126, https://doi.org/10.56577/FFC-74.105

INTRODUCTION

The 2024 New Mexico Geological Society (NMGS) Fall 
Field Conference will investigate the fascinating geology at 
the juncture of three physiographic provinces and the Jemez 
lineament. These provinces are the Colorado Plateau, Rio 
Grande rift, and Southern Rocky Mountains. We informally 
refer to this area as the Nacimiento nexus, for the Nacimiento 
Mountains. The Colorado Plateau is a Cenozoic plateau prov-
ince of rugged topography and deep canyons rather than a sin-
gle plateau (Kelley, 1955). Its prominent geologic characteris-
tic is that its Paleozoic and Mesozoic strata are still flat-lying 
(except at the edges of sharp monoclinal bends near uplifts). Its 
spectacular landscapes were carved by rivers into and through 
the dominantly flat-lying strata. Regional differential erosion, 
named the Great Denudation by Dutton (1882), has taken place 
via cliff retreat and vertical incision–interacting processes that 
are still active today. Dutton was part of a cadre of America’s 
most famous late-1800s geologists that included J.W. Powell 
(1875; the first Euro-American scientist to traverse the Grand 
Canyon and second director of the U.S. Geological Survey 
[USGS]), G.K. Gilbert (1877; who introduced the concept of 
dynamic equilibrium of landforms), C. King (first director of 
the USGS in 1879), and C.D. Walcott (USGS Chief paleontol-
ogist and director in 1893/1894). The Great Denudation was 
attributed to uplift of the western United States. When uplift 
started in Late Cretaceous time, the sedimentary layer-cake 
stratigraphy that nonconformably overlies the crystalline 
basement consisted of (in round numbers) ~1 km of Paleozo-
ic strata and ~2.5 km of Mesozoic strata. With the exception 
of the landscape that developed in late Paleozoic time during 
the Ancestral Rocky Mountains (ARM) orogeny, most of the 
strata were deposited on a low-relief landscape near sea level. 
The Mesozoic sedimentary succession is capped by deposits 
related to the development and retreat of the Late Cretaceous 
Western Interior Seaway. Today’s iconic landscapes and the 
high average elevations of the Colorado Plateau (~6,500 ft 
or ~ 2 km) and Rocky Mountains (9,800 ft or ~3 km) have 
been shaped during a ~70-million-year “battle” between epi-

sodic uplift and erosion. The basic concept that old rocks are 
revealed within young landscapes seems simple, but it is an 
essential starting point for public geoscience education. This 
concept also presents persistent challenges for seasoned ge-
ologists in their efforts to interpret the cumulative history of 
events in these areas. 

New Mexico’s young landscapes formed in the Cenozoic. 
The entire region of Figure 2 was uplifted from sea level in 
several episodes (Karlstrom et al., 2011; Cather et al., 2012; 
Karlstrom et al., 2022). (1) The ~90–50 Ma uplift above sea 
level was driven by flat-slab subduction of the Farallon slab. 
(2) The ~38–23 Ma uplift and voluminous regional magma-
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FIGURE 1. The 2024 NMGS Fall Field Conference focuses on the nex-
us of three geologic provinces: the Colorado Plateau to the west, the Rocky 
Mountains to the north, and the Rio Grande rift to the east, where all three 
are crossed by the Jemez lineament with its largest volcanic center, the Valles 
Caldera, sitting within the crossroads.
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FIGURE 2. The 2024 NMGS Fall Field Conference focuses on the nexus of three geologic provinces (black box). Colorado Plateau province boundaries (Fenneman, 
1928) are superimposed on a DEM showing the general bowl shape of the Colorado Plateau. The red line is the continental divide. (Figure adapted with permission 
from Karlstrom et al., 2022; copyright Annual Reviews.)
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tism and ignimbrite flare-ups were driven by diachronous re-
moval (delamination, foundering, dripping off) of the subduct-
ed Farallon slab (Humphreys, 1995; Humphreys et al., 2003; 
Best et al., 2016). (3) Post-20 Ma and ongoing broad differen-
tial uplift is being driven by upwelling of buoyant mantle and 
downwelling of dense mantle (e.g., Levander et al., 2011). The 
relative importance of each uplift episode in attaining today’s 
elevations in different areas is much debated, but “thirds” is 
probably not a bad initial concept for the region. 

THE BASEMENT

The  basement rocks seem to have exerted only a second-or-
der influence on the eventual physiographic boundaries. Thus, 
the northeast-trending basement boundaries of lithosphere as-
sembly are only cryptically manifested in images of modern 
physiography (Fig. 2) and deep lithospheric structure (Fig. 3). 
Northeast-trending boundaries transect the Colorado Plateau 
(Fig. 3A) and separate Precambrian basement provinces that 
record the accretion of island arcs to the Archean nucleus from 
1.8 to 1.4 Ga, initially across the Archean-Proterozoic suture 
at the Cheyenne belt (CB of Fig. 3A). This accretion result-
ed in the building and demise of high mountains and orogenic 
plateaus. As summarized by Karlstrom et al. (2004) and Hil-
lenbrand et al. (2023a, 2023b), the history of the crystalline 
basement of New Mexico and Colorado includes accreted 
1.75 Ga oceanic island arcs; the ~1.70 Ga Yavapai orogeny, 
which welded arcs to a southward-growing (present coordi-
nates) Laurentian continent; the ~1.65 Ga Mazatzal orogeny 
of central and southern New Mexico (Amato et al., 2008; Karl-
strom et al., 2016) and southern Colorado (Hillenbrand et al., 
2024); and the ~1.45 Ga Picuris orogeny (Daniel et al., 2013). 
The discovery of 1.5–1.45 Ga sedimentary rocks of the Tram-
pas Group of the Picuris Mountains (Daniel and Pyle, 2006) 
and the correlative Yankee Joe Formation in Arizona and the 
Defiance uplift (Doe et al., 2012, 2013) expanded the signif-
icance of the 1.45 Picuris orogeny as a regionally important 
contractional orogeny (Nyman et al., 1994) that constructed 
an intracratonic orogenic plateau behind a plate convergence 
zone located to the south (Bickford et al., 2015; Karlstrom et 
al., 2016; Hillenbrand et al., 2023a, 2023b). 

The Nacimiento Mountains area was influenced by these 
Proterozoic events. Basement rocks of the Nacimiento include 
representatives of 1.7 Ga and 1.45 Ga granites that intruded 
volcanic rocks and quartzites that are broadly correlative with 
the Hondo Group of the Picuris Mountain region (Grambling 
et al., 2016). Ideas that the Nacimiento Mountains contain the 
Yavapai-Mazatzal province boundary (Whitmeyer and Karl-
strom, 2007) are not supported by Hf isotope data on New 
Mexico plutons, which show that Yavapai Province basement 
extends south of the Nacimiento Mountains (Grambling et al. 
2016) within a transitional Yavapai-Mazatzal province bound-
ary zone (Shaw et al., 2005). Magnani et al. (2004, 2005) inter-
preted deep seismic reflection data below the Jemez volcanic 
lineament as bivergent thrust structures of a Proterozoic suture 
that may have facilitated the ascent magmas in the Cenozo-
ic. This is one example of how ancient boundaries may have 

helped shape both modern mantle velocity structure and young 
physiographic provinces. 

SEDIMENTARY STRATA

Regional Phanerozoic stratigraphy also has little manifesta-
tion in the Cenozoic physiographic boundaries. For example, 
as you master the stratigraphy of the nexus, you would not have 
any inclination based on lithology and extent of stratigraphic 
units about where to draw the boundaries of the three provinc-
es. Cambrian to Devonian strata are missing in northern New 
Mexico, likely due to the presence of the transcontinental arch 
(Amato and Mack, 2012; Holland et al., 2023, but cf. Myrow 
et al., 2003). During the late Paleozoic (Mississippian, Penn-
sylvanian, and Permian), the nexus was in the far western trop-
ics of the Pangean supercontinent and was drifting northward 
across the paleoequator. Mississippian strata in the nexus are 
locally present as a relatively thin succession (less than 90 m 
thick) of shallow marine carbonates and siliciclastics of the 
Arroyo Peñasco Formation as well as the nonmarine red beds 
of the Log Springs Formation (Krainer and Lucas, 2024). The 
overlying Pennsylvanian strata have at their base a very lo-
cal unit, the Lower Pennsylvanian Osha Canyon Formation, 
only present upstream of Guadalupe Box. The Mississippian 
strata were deposited on the basement topography of eroded 
remnants of the transcontinental arch in shallow marine and 
nonmarine settings. 

The ARM orogeny involved tectonism that produced Mis-
sissippian/Pennsylvanian/early Permian basement-cored up-
lifts that were paired with deep sedimentary basins. These were 
north-northwest-trending, and the major ARM uplifts in New 
Mexico were the Brazos (Uncompahgre), Sierra Grande (Fron-
trangia), and Pedernal. The nexus area contained a small ARM 
uplift called the Peñasco uplift (Woodward, 1996) that exposed 
basement and influenced local sedimentation in Pennsylvanian 
time. ARM uplifts were subsequently erosionally beveled and 
onlapped by Permian strata over much of New Mexico and by 
Triassic strata near the Colorado border. 

The ARM orogeny was likely caused by the complex col-
lision of the southern supercontinent of Gondwana and north-
ern supercontinent variously called Euramerica, Laurussia or 
Laurasia (Kluth and Coney, 1981; Ye et al., 1996; Leary et al., 
2017). In the nexus, the first evidence of the ARM orogeny 
is synorogenic deposits of the Middle Pennsylvanian Sandia 
Formation—a succession of coarse clastics (quartz sandstone 
and conglomerate), shale, siltstone and some marine carbon-
ate beds (Lucas and Krainer, 2024). Some of the depositional 
cycles in Pennsylvanian strata were arguably caused by gla-
cial eustasy (Elrick and Scott, 2010), although tectonism was 
likely the main driver for local Pennsylvanian sedimentation 
(Lucas et al., 2013, 2021). Sandia Formation strata are pres-
ent locally and sporadically across what was the Peñasco up-
lift that extended ~80 km north-south and ~16 km east-west. 
That uplift influenced local Middle and early Late Pennsylva-
nian sedimentation such that diverse Pennsylvanian facies are 
found sitting on Proterozoic basement in the area surrounding 
the positive area. However, by very late in the Pennsylvanian 
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FIGURE 3. Lithospheric-scale properties that delineate the Colorado Plateau region. (A) depth in kilometers to the lithosphere-asthenosphere boundary (LAB) or the 
mid-lithospheric discontinuity (MLD; Lekic and Fischer, 2014). (B) and (C) P-wave tomography at depths of 90 and 195 km (Schmandt and Lin, 2014). Red dots 
in B are Quaternary volcanic rocks from NAVDAT (https://www.navdat.org/). The black arrow in C represents North American absolute plate motion direction and 
velocity of 16.2 mm/yr (Kreemer et al., 2014). The black box is the location of the nexus. CB = Cheyenne belt Archean-Proterozoic suture, YAV = Yavapai province, 
MAZ = Mazatzal province. (Figure adapted with permission from Karlstrom et al., 2022; copyright Annual Reviews.)
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and into the early Permian, the extensive Cutler-Abo fluvial 
system, which extended across most of northern New Mexico, 
began to bury the Peñasco uplift, eventually covering it with 
siliciclastic red beds during Abo Formation deposition in the 
early Permian (Lucas and Krainer, 2024).

Subsequent Permian deposition over the nexus reflects the 
aridification that took place after the early Permian collapse 
of the Gondwana ice sheets, which effectively ended the late 
Paleozoic ice ages (Marchetti et al., 2022). Thus, the oldest eo-
lianite in the nexus is the lower part of the Yeso Group, the De 
Chelly Sandstone (long called the Meseta Blanca Member, a 
local name synonymous with De Chelly). This was New Mex-
ico’s first Phanerozoic desert, and it extended from the Four 
Corners to Placitas and Mesa Lucero in central New Mexico. 
Subsequent Yeso deposition in the nexus (San Ysidro Forma-
tion) reflects a post-desert rise in regional sea level that cre-
ated an arid coastal plain across much of the state (Lucas and 
Krainer, 2024).

A second eolianite was deposited later in the early Perm-
ian—Glorieta Sandstone, the youngest Paleozoic formation in 
the nexus. Glorieta Sandstone is equivalent to the Coconino 
Sandstone of Arizona, and the Coconino-Glorieta erg extended 
from the Grand Canyon across northern Arizona and into cen-
tral New Mexico. Prevailing winds were from the northeast, 
and the New Mexico region was not more than 5° north of 
the paleoequator by the end of early Permian time. No middle 
Permian, late Permian, or Early Triassic strata are preserved in 
the nexus—a hiatus of about 30 million years. 

Mesozoic sedimentary rocks exposed in the nexus were 
mostly deposited as parts of depositional systems larger than 
the entire state of New Mexico. The oldest are siliciclastic red 
beds of the Middle Triassic Moenkopi Formation and overly-
ing Upper Triassic Chinle Group. In a simple sense, those units 
were deposited by rivers that flowed northwesterly across the 
nexus, headed in uplifts far to the east, southeast, and south. 
Rocks termed Moenkopi Group or Formation are siliciclastic 
red beds that were deposited in the Moenkopi back-bulge basin 
that formed along part of the western margin of Pangea during 
the Early and Middle Triassic. During the late Early Triassic 
and earliest Middle Triassic, more than 700 m of siliciclastic 
red beds (Moenkopi strata) were shed to the north and north-
west into this basin; they interfinger with marine carbonates 
deposited on the Pangean marine shelf and in the arc-trench 
system to the west. In the nexus, only the youngest (Middle 
Triassic) strata of the Moenkopi Formation are present as a rel-
atively thin interval of fluvial red beds with local, thin lacus-
trine limestone.

The Late Triassic Chinle Group depositional basin extended 
north-south from Idaho to Texas and west-east from eastern 
Nevada to Nebraska (Lucas, 1993; Lawton, 1994). It formed as 
a back-bulge basin well east of the continental margin, which 
was then located in eastern California-western Nevada. The 
back-bulge basin was east of the volcanic arc and a forebulge 
in central Nevada. Chinle Group fluvial deposits contain one 
of the world’s most extensive nonmarine fossil records of the 
Late Triassic, including some of the earliest dinosaurs (Lucas, 
1997, 2018).

After a substantial hiatus equivalent to at least all of Early 
Jurassic time (more than 25 million years), a third desert ap-
peared in the nexus. The Middle Jurassic Entrada Sandstone 
was part of this erg that extended across eastern New Mexi-
co, northeastern Arizona, and most of Colorado and northern 
New Mexico into western Oklahoma (Kocurek and Dott, 1983; 
Blakey et al., 1988). Entrada Sandstone cross-bed dip azimuths 
indicate winds headed mostly to the southwest, so the erg was 
still in relatively low latitudes of the zone of prevailing east-
erlies. 

A unique sedimentary unit within the nexus is the Jurassic 
Todilto Formation, which consists of a thin (<10 m) interval 
of laminated kerogenic limestone overlain by up to 37 m of 
gypsum. Todilto Formation deposition took place in a large 
salina lake that extended from the Four Corners across much 
of northern New Mexico to an eastern shoreline near Santa 
Rosa in Guadalupe County (Lucas et al., 1985; Kirkland et al., 
1995). Some fish fossils are found in the limestone, but this 
lake had saline and generally inhospitable water chemistry for 
fish and invertebrates. 

The Middle-Late Jurassic Summerville Formation overlies 
the Todilto Formation and consists of a stratigraphic interval 
up to 80 m thick of maroon or grayish red siltstone, silty mud-
stone, and cross-bedded, fine-grained sandstone. Some of the 
cross-bedded sandstones in the Summerville interval are eo-
lianites equivalent to a more massive eolianite to the west—
the Bluff Sandstone (Anderson and Lucas, 1996). The Bluff 
Sandstone is the youngest Jurassic eolianite of the Colorado 
Plateau, and its significance lies in the fact that its cross-beds 
indicate eastward wind directions. This means that during the 
time of Bluff sandstone deposition, which is very close to or 
straddles the Middle-Late Jurassic boundary, the area of the 
nexus had drifted northward into the zone of prevailing west-
erly winds (Dickinson, 1989; Lucas et al., 1997). 

The Upper Jurassic Morrison Formation overlies Summer-
ville Formation strata across most of northern New Mexico. 
Morrison Formation deposition took place in a basin that 
extended north-south from Alberta, Canada, to central New 
Mexico and west-east from Utah to Nebraska, presaging the 
location of the Cretaceous seaway (Lawton, 1994). The Neva-
dan orogeny interacting with the Bisbee rift in southern New 
Mexico created this basin and an important sub-Cretaceous 
unconformity when the arc terrane collided with the margin of 
North America (Chapman and DeCelles, 2021). Fluvial pro-
cesses deposited the Morrison Formation, first as an extensive 
river system that flowed eastward, followed by a vast muddy 
floodplain basin in which river flow was also easterly. Locally, 
in the nexus and in some other areas of central New Mexico, 
the uppermost strata of the Morrison Formation, the Jackpile 
Member, represent a fluvial system, likely Jurassic, but still of 
uncertain age (Cather et al., 2021; Lucas et al., 2021). 

After Jackpile Member deposition, another lengthy hiatus of 
about 50 million years encompassed much of Early Cretaceous 
time. The unconformity at the base of the Dakota Sandstone 
begins the next cycle of deposition (the Greenhorn cycle). It 
reflects a major tectonic reorganization from a fluvial basin to 
marine and nearshore deposition in the backarc foreland basin 
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of the Late Cretaceous Western Interior Seaway (Mack, 1987; 
Lawton, 1994). What ensued was the complex set of transgres-
sions and regressions across the western margin of the seaway 
during most of Late Cretaceous time (Molenaar, 1983). 

One topic of this year’s Second-Day Field Trip and of next 
year’s (2025) NMGS Fall Field Conference is the southeastern 
San Juan Basin. This area captures the history of the Cretaceous 
seaway in strata broadly referred to as Dakota Sandstone, Man-
cos Shale, and Mesaverde Group, although the actual litho-
stratigraphic architecture and nomenclature is relatively com-
plex (Molenaar, 1983; Sealey and Lucas, 2019). Sediments 
of the Cretaceous seaway were deposited in a basin that was 
dynamically pulled down by shallowing of the Farallon slab 
(Liu et al., 2010) in a north-south intracratonic seaway with the 
western coastline alternately moving landward and seaward 
near the nexus. Sea-level changes on an ice-free planet and 
the low-relief marine basin caused 100-km-scale transgressive 
and regressive events that left nearshore, sandstone-dominated 
sandstones interlayered with offshore, mudstone-dominated 
strata (Koning, 2024). The black shales (hydrocarbon sources) 
and shoreline sandstones (hydrocarbon reservoirs) host major 
oil and gas resources in the San Juan Basin and within the nex-
us (Hart, 2021). The local last vestige of this seaway occurred 
in the very late Cretaceous (~75 Ma; Cather, 2004).

An important paleontological record in the nexus region 
includes information about Permian vertebrates (Lucas et al., 
2012). There is little detailed record of the globally important 
Permo-Triassic extinction because of the disconformity be-
tween Permian and Triassic rocks and their dominantly silici-
clastic character. Mesozoic sections preserve a globally import-
ant record of the evolution of the dinosaur (Lucas, 1997). The 
San Juan Basin is where the Paleocene Epoch was discovered 
and named, and it continues to inform our understanding of 
the early Cenozoic evolution of mammals (Williamson, 1996). 

UPLIFT HISTORY

The first stage of regional uplift took place during the Lara-
mide orogeny (Fig. 5 ) about 80 Ma in the nexus, as shown by 
thermochronology (cooling ages) in the Nacimiento and Zuni 
mountains (Kelley et al. 1992; Ricketts et al., 2016; Thacker 
et al., 2021). Structural relief from uplifted basement-cored 
blocks to subsiding syntectonic basins exceeded 3 mi (~5 km) 
for the San Juan Basin (Cather, 2004). Final basin filling is 
recorded by the Paleocene Nacimiento Formation and the low-
er Eocene San Jose Formation (Baltz, 1967; Woodward, 1983, 
1987; Smith, 1992). The paleolandscape at this time likely 
comprised rugged, kilometer-high-scale eroding fault blocks 
amid epeirogenically uplifting but generally still low-elevation 
basins (Cather et al., 2012). 

The  Rocky Mountains are unusual in the sense that most of 
the world’s mountain belts and the rest of the North and South 
American Cordillera are nearer the subduction-related plate 
boundary, whereas the Rockies are 1000 km inboard. This is 
interpreted by most workers to be the product of flat-slab sub-
duction transmitting stress from the trench and also from the 
base of the plate across a wide foreland (e.g. Axen et al., 2018; 

Thacker et al., 2023). Alternative tectonic models also consider 
lower crustal flow (McQuarrie and Chase, 2000; Vlaha et al., 
2024) and terrane convergence (Maxon and Tikoff, 1996). The 
cumulative uplift history of the Rocky Mountains involved 
the same three uplift episodes as the Colorado Plateau, but the 
Rocky Mountain Laramide uplifts have larger-displacement, 
reverse-fault-cored Laramide monoclines than those seen on 
the Colorado Plateau. Both provinces are part of a broad Lara-
mide foreland where both magmatism and deformation swept 
progressively eastward due to 90–50 Ma slab flattening (Coney 
and Reynolds, 1997; Livicarri, 1991; Copeland et al., 2017; 
Thacker et al., 2023). 

The magnitude and role of right-lateral strike-slip displace-
ment along north-south faults in New Mexico in the Laramide 
remains controversial (Cather et al., 2006; Woodward et al., 
1999; Cather and Karlstrom, 2000). Karlstrom and Daniel 
(1993), based in part on an important basement piercing point 
(Miller et al., 1963), suggested that up to 60–75 mi (100–120 
km) of right lateral strike slip was distributed across north-south 
faults that helped localize the Rio Grande rift. These authors 
suggested ~20 mi (~30 km) across the Nacimiento fault. This 
was revised to ~12–20 mi (20–33 km) by Cather et al. (2006) 
and 4–11 mi (6–18 km) by Pollock et al. (2004), the latter 
agreeing with the 3–12 mi (5–20 km) proposed by Woodward 
et al. (1997). Recent models propose subduction of the buoyant 
conjugate Shatsky Rise as part of the subducting Farallon slab 
beneath western North America during the Laramide (Liu and 
Gurnis, 2010), and plate motion models that suggest a change 
from Laramide east-west to northeast-southwest convergence. 
These models have reinvigorated interest in quantifying the 
magnitude of right slip across a suite of north-south faults in 
New Mexico and into southern Colorado. At present, and go-
ing back to Baltz (1967), the consensus is that the Laramide 
right-lateral strike-slip component of displacement across the 
Nacimiento fault is kilometer-scale and exceeds the vertical 
component (throw) of the east-up dip-slip displacement. 

Paleoelevation proxies for Rocky Mountain-Colorado 
Plateau uplift history are improving but are not in agreement 
(Cather et al., 2012; Heitmann et al., 2021). However, the data 
do support the notion that each of the three uplift episodes con-
tributed substantially to raising the region above sea level. The 
youngest episode, the post-20 Ma and ongoing mantle-driven 
epeirogenic surface uplift, helps explain numerous neotectonic 
and magmatic features of the region (Karlstrom et al., 2008, 
2011, 2022). Its ongoing effects are supported by geodetics 
(Berglund et al., 2012; Murray et al., 2019), seismology (Le-
vander et al., 2011), geodynamic models (Yi and Kapp, 2023), 
thermochronology (Ricketts et al., 2016; Murray et al. 2019), 
detrital grain studies from paleoriver deposits indicating young 
incision (Heizler et al., 2021), and some paleoelevation studies 
(Leopold and Zaborac-Reed, 2019). A theme of this field con-
ference is that post-20 Ma and ongoing neotectonics are being 
superimposed on older uplift events to help shape the iconic 
canyons, plateaus, and landscapes of the region, and additional 
quantification of uplift rates and magnitudes through time is 
needed.

Within the Nacimiento nexus, the Nacimiento Mountains 
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are part of the Rocky Mountain physiographic province (Fig. 
1). They are similar to the Sangre de Cristo Mountains in being 
some of the farthest south Laramide arch-basin pairs (Thack-
er et al., 2023). The Nacimiento Mountains basement-cored 
block was thrust west over the San Juan Basin of the Colo-
rado Plateau, and the Sangre de Cristo Mountains block was 
thrust east over the Raton basin of the Great Plains, giving the 
Rocky Mountains in New Mexico an overall bivergent, re-
gional horst-block-like symmetry that is also seen in the Park 
and Front Ranges farther north. High-angle reverse faulting is 
not mechanically favored during horizontal compression (An-
derson, 1905), but reverse-slip reactivation of steeply dipping 
Precambrian normal-slip fault systems is documented for the 
basement-cored (thick-skin) structures across the Laramide 
foreland, from the Grand Canyon to the Great Plains (Marshak 
et al. 2000; Timmons et al., 2001). 

Cather (2004) demonstrated a latest Cretaceous influence 
on subsidence of the San Juan Basin. Baltz (1967) interpreted 
that deformation along the Nacimiento fault continued during 
deposition of Paleocene to Eocene strata, although this was 
questioned by Zellman et al. (2024). Pollock et al. (2004) in-
terpreted thrust-wedge tectonics and strike-slip faulting farther 
north along the Nacimiento fault system, which commonly 
interacts with high-angle reverse faulting (Davis and Bump, 
2009). Thermochronology of the uplift shows Laramide AFT 
and AHe cooling ages of 90–45 Ma (Kelley et al., 1992; Rick-
etts et al., 2016). The northern Nacimiento Mountains cooled 
earlier due to the erosion of Paleozoic and Mesozoic stra-
ta during the Laramide; the southern Nacimiento Mountains 
cooled during the 35–25 Ma and post-20 Ma uplift episodes. 
These Rocky Mountain fault blocks, like the Sangre de Cristo 
Mountains and Front Range, began their journey to the surface 
in the Laramide, while turtles and crocodiles lived in the adja-
cent basins that were likely of low elevation (Raynolds et al., 
2007). 

MAGMATISM

To understand  both the volcanism and the tectonism 
through time in this region, one needs to study the region’s 
nearest plate margin, the base of the plate. Mantle seismic 
images have gained resolution (Fig. 3) and have been used to 
infer the role of mantle dynamics during each of the uplift ep-
isodes. The volcanic rocks are a direct and datable record of 
the initially mantle-sourced basaltic magmatism and can pro-
vide data about which part of the mantle they come from and 
the extent of crustal contamination during ascent. Figure 3A is 
a tomographic image of the depth to the lithosphere-astheno-
sphere boundary (LAB), which approximates the thickness of 
the North American plate. This seismic technique (Lekic and 
Fischer, 2014) images mantle discontinuities that show abrupt 
velocity decrease with depth, which is characteristic of the 
LAB in magmatically active areas with high heat flow such as 
the Basin and Range, Rio Grande rift, and in the rim regions 
of the Colorado Plateau. Similar discontinuities can also occur 
within the lithospheric mantle beneath relatively stable areas 
with lower heat flow such as the core of the Colorado Plateau, 

Wyoming province, and Great Plains (e.g., Hansen et al., 2013); 
in these areas, the thickness shown is considered as a minimum 
lithospheric thickness. Figure 3A reveals a core region of the 
Colorado Plateau province that is rimmed to the west, south, 
and east (not the north) by thinner <50-mi- (<80-km-) thick 
lithosphere. Similarly, figures 3B and 3C show different depth 
slices through a tomographic model (Schmandt and Lin, 2014). 
These show that the core region of the Colorado Plateau has a 
cold, old (Proterozoic), and high-seismic velocity lithospheric 
keel that extends below 195-km depths. 

 At all upper-mantle depths, low-seismic-velocity regions 
occur around the rim of the Colorado Plateau and beneath the 
Nacimiento nexus. These lower seismic velocities indicate a 
small percentage of basaltic partial melt along grain bound-
aries in the mantle peridotite and an overall warmer and more 
buoyant mantle that is asthenospheric in terms of its ability 
to flow. Karlstrom et al. (2022) summarized numerous other 
geophysical and geological images that also suggest that the 
margins of the Colorado Plateau are weaker and more tectoni-
cally active than its core, as shown in the distribution of mag-
matism in Figure 3B. Low-velocity areas of the mantle may 
reflect Proterozoic lithospheric mantle that is being hybridized 
by young, asthenospheric-sourced basalt as it ascends through 
and helps partially melt lithospheric mantle (Livicarri and Per-
ry, 1993; Reid et al., 2012; Porter and Reid, 2021). The sharp 
rim-to-core transition that defines the margin of the Colorado 
Plateau in multiple geophysical and geologic datasets suggests 
a young and shrinking Colorado Plateau that is uplifting as its 
edges are being thinned from below by mantle upwelling. In 
the future, the Colorado Plateau is likely to continue to shrink 
and merge with surrounding regions of the western United 
States. This phenomenon also seems to be occurring in the 
Nacimiento nexus, where extensional faulting is reactivating 
older faults, and the Rio Grande rift is encroaching into the 
Colorado Plateau. 

New Mexico is the volcano state (Crumpler, 2020) and con-
tains a detailed record of dominantly mantle-sourced Cenozoic 
volcanism. Laramide magmatism in Arizona and southwestern 
New Mexico provides the best record of the west-to-east sweep 
of magmatism that tracked the shallowing of the subducting 
Farallon slab (Fig. 6; Coney and Reynolds, 1977; Copeland 
et al., 2017; Thacker et al., 2024). Laramide magmatism also 
took place along the Colorado Mineral Belt (Fig. 6). The north-
east orientation of the Colorado Mineral Belt has been inter-
preted to have formed above a slab tear in the subducting plate 
(Chapin, 2012), which is compatible with a lack of direction-
ality of magma propagation (Mutchler et al., 1987). The 38–20 
Ma ignimbrite flare-up of the San Juan volcanic field (Lipman, 
2021) is superimposed on the Colorado Mineral Belt (Chapin, 
2012) and extends south into New Mexico to include the Latir 
volcanic field. The San Juan volcanic field to the north and Mo-
gollon-Datil volcanic field to the south both likely had exten-
sive volcaniclastic aprons, now eroded, that reached the area of 
the Nacimiento nexus (Koning and Heizler, 2021). The Ortiz 
Mountains contain Oligocene shallow-level intrusions that are 
temporally related to the ignimbrite flare-up. Dacitic-andesitic 
conglomerate at the base of the Abiquiu Formation (Gilman 
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conglomerate) was likely derived from yet another volcanic 
center, active 33–28 Ma, that is now buried beneath the north-
western Albuquerque basin (Kelley et al., 2013).

The Jemez lineament is a series of 20 Ma to Quaternary 
volcanic fields that trends northeast from Arizona to the Great 
Plains (Fig. 6; Aldrich 1986). These fields overlie a zone of 
low-velocity mantle that extends from the base of the crust to 
depths of several hundred kilometers (Schmandt et al., 2012; 
Schmandt and Lin, 2014). Stable isotopic studies of the Puerco 
necks xenoliths suggest a long history of lithospheric modifi-
cation by Farallon slab hydration and slab removal, leading to 
the origin of Jemez lineament basalts via melting of metasoma-
tized mantle during Rio Grande rift lithospheric thinning and 
asthenospheric upwelling (Perkins et al., 2006; Porecca et al., 
2006). In places there was a switch from lithospheric to asthe-
nospheric basalt derivation through time in a given spot (Livi-
carri and Perry, 1993). An older idea of a plume track along 

the Jemez lineament (Suppe et al., 1975) does not seem to be 
supported because of a lack of directional progression of mag-
matism in this zone (Dunbar, 2005). However, especially in the 
southwestern part of the Colorado Plateau, there is a migration 
of basaltic volcanism toward the core of the Colorado Plateau 
(Fig. 6; Roy et al., 2009; Crow et al., 2011), with directions 
and rates that seem to be tracking the ~16 mm/year (absolute 
plate velocity) transit of the North American plate southwest 
over warm asthenosphere (Walk et al. 2019; Karlstrom et al., 
2022). Crow et al. (2011) noted that within this progression 
some areas such as the western Grand Canyon evolved from 
lithospheric-sourced to asthenospheric-sourced basalt through 
time. 

The Jemez Mountains contain New Mexico’s supervol-
cano, with an eruptive ignimbrite volume (680 km3 from the 
combined 1.62 and 1.23 Ma eruptions) that is about one-third 
of its Yellowstone counterpart (~2000 km3 in this time peri-
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od; Schmandt et al., 2019, and references therein). The Jemez 
Mountain volcanic field (JMVF) is located at the intersection 
of the Jemez lineament with the Rio Grande rift and is the most 
felsic volcanic center in the Jemez lineament, possibly due to 
a longer duration of basalt flux from the mantle and longer 
times for crustal differentiation. Quaternary caldera eruptions 
occurred twice at 1.62 and 1.23 Ma (Nasholds and Zimmerer, 
2022) in overlapping calderas. Resulting pyroclastic Bandelier 
Tuff outflow sheets typically make up a single cliff containing 
both the upper 1.23 Ma Tshirege Member and lower 1.62 Ma 
Otowi Member of the Bandelier Tuff (Goff, 2009). The Jemez 
Mountains and the Valles Caldera straddle the boundary be-
tween the Colorado Plateau and the Rio Grande rift. Deep drill 
holes in the northwestern caldera penetrated caldera fill on top 
of Paleozoic/Mesozoic strata, whereas drillholes to the south-
east penetrated tuff emplaced on Santa Fe Group rift fill (Goff, 
2009). Mapping in the northeastern Jemez Mountains does 
not show clear connections between the Valles Caldera and 
the northeast-trending Embudo transfer zone to the northeast 
(Kelley et al., 2017, unpublished report to the Army Corps of 
Engineers). However, geochemical studies by Blomgren et al. 
(2019) suggest a fluid connection between the Valles geother-
mal system and Ojo Caliente and perhaps to other hot springs 
in the Taos Plateau region. 

Within the Nacimiento nexus, the base of the Bandelier Tuff 
provides an important datum for estimating Quaternary fault 
slip and river incision rates (Frankel and Pazzaglia, 2006; Reed 
et al., 2024). Pyroclastic flows traveled down and overtopped 
the paleo-San Diego Canyon that is now occupied by the Je-
mez River. The deepest preserved paleochannels are located 
on the west side of the modern canyon (Kelley et al., 2003). 
The resurgent dome (Redondo Peak) in the Valles Caldera rep-
resents rapid uplift of the caldera floor after ~1.25 Ma evacua-
tion and refilling of much of the magma chamber. Subsequent-
ly, a necklace of rhyolite lava domes developed on the ring 
fracture in a counterclockwise progression from 1.1 Ma to 400 
ka. A series of caldera lakes developed and drained (Fawcett et 
al., 2011) with evolving volcanic topography. The most recent 
volcanism included the ~70 ka Banco Bonito flows and El Ca-
jete pumice (Nasholds and Zimmerer, 2022). New seismic data 
reinforce previous imaging showing the presence of a shallow 
(1–3 km) magma chamber beneath Redondo Peak (Wilgus et 
al., 2023), and a modern geothermal system is present in the 
western caldera. The Third-Day Field Trip discusses this dor-
mant but still-active supervolcano with an active downstream 
outflow of the geothermal plume recorded at Soda Dam, Jemez 
Springs, and Twin Mounds (McGibbon et al., 2018). A similar 
outflow is inferred to the north along the Embudo fault system 
(Blomgren et al., 2019). 

RIO GRANDE RIFT

The entire western United States is being uplifted in the 
youngest episode, and the plate is thinning via upper crustal 
extension in the Basin and Range/Rio Grande rift provinces by 
ductile stretching in the deeper crust and by replacement and 
modification of lithospheric mantle by warmer and more buoy-

ant asthenospheric mantle (van Wijk et al., 2010, 2018). This 
plate thinning is particularly pronounced in the Rio Grande rift 
province. The Rio Grande rift is one of the classic intraconti-
nental rifts in the world (another famous one being the East 
African rift); it extends ~1000 km from northern Colorado into 
northern Mexico. In the north half of New Mexico, the Rio 
Grande rift comprises a series of right-stepping half-graben ba-
sins linked by northeast-trending transfer zones (Kelley, 1982). 

Within  the Nacimiento nexus, the main rift features are 
two sub-basins in the larger Albuquerque basin: the relative-
ly symmetrical Santo Domingo sub-basin to the northeast and 
the asymmetric (deepening to the east) Calabacillas basin to 
the southwest (Connell, 2008a). These basins are filled by syn-
rift, sand-dominated sediment called the Santa Fe Group. The 
Ziana structure, envisioned as an anticline (Kelley, 1977) or 
horst block (Koning and Personius, 2002), is located ~5 mi 
(~8 km) west of Bernalillo and is crossed (in the subsurface) 
on all three days of this field conference. West-southwest of 
the Ziana structure, the Calabacillas basin ramps down to 
the south and is bounded on the west by the north-south San 
Ysidro-Jemez fault system. Where preserved on either side of 
the fault (e.g., 12 mi [~20 km] south of San Ysidro), lowermost 
Santa Fe Group strata are offset 1000–1500 ft (300–450 m; 
Koning et al., 2024). This is minor compared to the 3.7 mi (6 
km) of stratigraphic offset of the faults on the east side of the 
Calabacillas sub-basin (East Heights and Sandia fault zones 
in Connell, 2008a). Even with their small displacements, the 
San Ysidro-Jemez fault and other nearby faults (e.g., Sand Hill 
fault) effectively serve as the boundary between the Colorado 
Plateau and the Rio Grande rift. As a demonstration of how the 
nexus is a place of interconnectedness between the geologic 
provinces, east-down movement along these western border 
faults provides local windows of recharge into the deep Santa 
Fe Group aquifer from bedrock aquifers in the Colorado Pla-
teau (Connell, 2011). 

Chapin and Seager (1975) argued that pre-existing crustal 
flaws related to earlier Laramide and ARM deformations lo-
calized the rift, and Marshak et al. (2020) invoked still older, 
Late Precambrian fault weaknesses. As a compatible model to 
a prior zone of weakness, Ricketts et al. (2016) suggested that 
the Rio Grande rift became localized above the break-off of the 
frontal bend of the Farallon slab (Fig. 7). Steeper subduction 
and slab tears to the north and south influenced slab segmenta-
tion similar to the modern-day Andes. Slab removal via drips 
and delamination took place under the San Juan (Hansen et al., 
2014), Mogollon-Datil, and Trans-Pecos volcanic complexes 
to drive these 38–23 Ma ignimbrite flare-ups and related sur-
face uplift. Breaking of the remaining slab near its frontal bend 
(Fig. 8) is interpreted to have driven the 25–10 Ma synchro-
nous opening of the rift inferred from thermochronologic data 
(Landman and Flowers, 2012; Ricketts et al., 2016). 

The Santa Fe Group in the northwestern Albuquerque ba-
sin consists of three stratigraphic packages (Fig. 4; Connell, 
2008b). The lowest is dominated by sandstone, with lesser mud-
stone-rich intervals, of the Zia (20–16 Ma) and Cerro Conejo 
14.8–10 Ma) Formations. These formations are separated by a 
disconformity in exposures, but how far south-southwestward 
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the disconformity extends in the subsurface is uncertain. The 
middle stratigraphic package, the Arroyo Ojito Formation (10–
6 Ma), is marked by the presence of conglomeratic and clayey 
mudstone beds within predominately sandstone. Overlying a 
prominent unconformity (the Rincones Surface of Connell et 
al., 2013), sediment remains relatively coarse (mainly sand 
and variable gravel) in the upper package, the Ceja Forma-
tion (5–1.5 Ma; Connell, 2008b; Connell et al., 2013). In the 

Jemez River valley below the confluence of San Diego and 
Guadalupe Canyons, below the Santa Fe Group lie 50–62 m 
of white to tan, medium-grained sandstone interbedded with 
ash-fall deposits, one of which is 20.62 +/- 0.02 Ma (Kelley et 
al., 2013). These light-colored, tuffaceous strata are assigned to 
the Abiquiu Formation and are underlain by the Gilman Con-
glomerate, with clast ages ranging from 28.6–29.5 Ma (Kelley 
et al., 2013).
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Tectonism and climate have influenced the deposition of the 

Santa Fe Group. Thickness variations of the Gilman conglom-
erate and syn-depositional faulting and folding in the upper, 
transitional units of this conglomerate and the basal Abiquiu 
Formation indicates early Miocene activity along the Jemez 
fault system. For younger Santa Fe Group strata, long-term 
stratal accumulation rates reflect subsidence along rift nor-
mal faults. In the northwestern Albuquerque basin, published 
undecompacted sedimentation rates were 83 m/Ma between 
14.8 and 10 Ma (Tedford and Barghoorn, 1999) and 125 m/
Ma between 10 and 6 Ma (Connell et al., 2013). These two 
rates are from different fault-bounded blocks, and one cannot 
necessarily infer that 14.8–10 Ma tectonic activity was lower 
than 10–6 Ma activity. The presence of the Cerro Conejo-Zia 
disconformity argues that, locally, fault subsidence exceeded 
depositional rates between 16 and 15 Ma, causing an offlap 
of the basin margin. Stratal accumulation rates decrease nota-
bly in the Plio-Pleistocene (van Wijk et al., 2018), with coarse 
sediment deposition over the Rincones paleosurface inferred 
to have been driven primarily by climatic factors (Connell et 
al., 2013). 

NEOTECTONICS

One theme of this field conference is examining the history 
of fault reactivations manifested in the region. Proterozoic an-
cestry for nexus faults is conjectural, except to note that Meso-
proterozoic fault-bounded basins occur in the subsurface of the 
region, such as the 1.1 DeBaca basin to the east (e.g., Amarante 
et al., 2005) and the San Andres basin in southern Colorado 
(Timmons et al., 2005). The Pennsylvanian Peñasco uplift was 
the precursor to the Laramide Nacimiento Mountains, but the 
locations and nature of Ancestral Rockies age faults remain 
poorly understood because of later reactivations. 

Figure 9  shows a new view of fault reactivations, segmen-
tation, and proposed naming of faults in the nexus region. 
Refined mapping and naming of the segmentation within the 
USGS-named fault zones are important because the segment 
boundaries often reflect different reactivation histories and 
can control seismic hazards and the geometry of fluid con-
duits. The Nacimiento fault had Laramide contractional and 
strike-slip movement, as detailed above. This fault zone can 
be seen from satellite images as a straight line that continues 
toward the western boundary of the Albuquerque basin. First-
Day Field Trip stops near the south extent of the mapped Na-
cimiento fault zone suggest that extensional reactivation (in-
version) of Laramide monoclinal structures helps explain the 
southward continuation of the Nacimiento fault zone in several 
segments through the Tierra Amarilla anticline (Bailey et al., 
2024). A Laramide ancestry of basement-cored sections of the 
San Ysidro-Jemez faults system is also suggested for sever-
al locations based on the pairing of fault-adjacent anticlines 
and synclines that are characteristic of Laramide monoclines. 
The basement exposure in the Soda Dam area is also inter-
preted to reflect Laramide reverse faulting (Jean et al., 2024). 
Late Quaternary movement on the southern Nacimiento fault 
zone was proposed by Formento-Trigilio and Pazzaglia (1996). 

These studies and observations suggest that the southern Na-
cimiento Mountain block is undergoing Quaternary uplift 
relative to both the San Juan Basin and Rio Grande rift, with 
east-up displacement on the Nacimiento fault (Formento-Trig-
ilio and Pazzaglia, 1998) and the east-down movement dis-
tributed across one or several north-south faults including the 
San Ysidro and Jemez faults (Reed et al., 2024). South of U.S. 
Highway 550, the Laramide faults become progressively more 
strongly inverted by normal slip related to Rio Grande rift ex-
tension, which conceals but often does not erase their original 
reverse throw. Small-scale gypsum veins along the Nacimiento 
fault that we see in the core of the Tierra Amarilla anticline re-
mind us of the right-lateral strike-slip component in this zone. 

The modern river network (Fig. 1) that is carving our 
“young landscapes” is another focus of this field conference. 
Neogene uplift of the Rocky Mountain region is hypothesized 
to have promoted downward integration of the Colorado River 
from the Rockies at 11 Ma to the Gulf of California by 5 Ma 
(Karlstrom et al., 2011; Crow et al., 2023). On the east side of 
the continental divide, the Rio Chama and Rio Grande were 
integrated together by ~4 Ma, and the combined river system 
worked its way southward through internally drained lake- and 
playa-filled sub-basins of the Rio Grande rift to reach the sea at 
the Gulf of Mexico only in the past 1 million years (Galloway, 
2000, 2004, 2011; Connell et al., 2005; Repasch et al., 2018). 
Within the nexus, the Jemez River has re-incised San Diego 
Canyon in the past 1.2 Ma. Terrace flights exposed around the 
southern tip of the Nacimiento Mountains and up the Jemez 
River to Soda Dam contain the Lava Creek B (Yellowstone) 
ash of 630 ka. Other terraces are cemented by travertine that 
provides U-series dates that are used to constrain differential 
bedrock incision, which, in turn, quantifies Quaternary fault 
slip over the same intervals (Reed et al., 2024). 

Travertines are freshwater carbonate deposits from carbonic 
springs. These are prevalent in the nexus region and a topic 
for the field conference (Cron et al., 2024; Jean et al., 2024). 
A travertine lexicon includes terms like “lower-world” waters 
for the carbonic springs, “xenowhiffs” for the foreign trace 
gases including high CO2 and mantle helium (3He) entrained 
in the groundwater system, and “chemical volcanoes” for the 
constructional mounds and fissure ridge deposits. The term 
“continental smokers” refers to carbonic springs, hot springs, 
and fumaroles that vent mantle-derived fluids in continental 
settings and exhibit many of the same processes of heat and 
mass transfer and ecosystem niche differentiation that are also 
seen in black and white smokers of mid-ocean ridges (Crossey 
et al., 2016). The travertines of the nexus, the Rio Grande rift, 
and the broader western U.S. region overlie low-velocity man-
tle domains and are an important indicator of mantle-to-surface 
connections and Quaternary neotectonics (e.g., Ricketts et al., 
2015). The lithospheric-scale pathways for the ascent of man-
tle-derived fluids include upwelling asthenosphere, partial melt 
in the mantle, basaltic sill and dike magmatism in the crust, a 
CO2-rich carrier gas for volatiles, fault networks with signif-
icant fracture permeability due to multiple reactivations and 
ongoing extension, and travertine deposition at spring vents 
due to CO2 degassing. These springs and fluids are a product of 



Synopsis of the Nacimiento Geologic Nexus 119

35
.7

7°
35

.7
3°

35
.7

°
35

.6
7°

35
.6

3°
35

.6
°

35
.5

7°
35

.5
3°

35
.5

°

-106.67°-106.7°-106.73°-106.77°-106.8°-106.83°-106.87°-106.9°

0 2 41 km

USGS fault
zones

This paper

Woodward
(1976)

Kelley
(1977)

Explanation

Named fault
segments

reactivated
Laramide segment

discontinued
name

San Ysidro

Tsi’ya

Cañon

Walatowa

Si
er

ra
 N

ac
im

ie
nt

o

4

Pa
ja

rit
o

Sa
n 

Ys
id

ro

Si
er

rit
a

Je
m

ez

?

N
ac

im
ie

nt
o

M
ilp

as

Si
er

rit
a

�
��

Sier
rita

Je
m

ez
Sa

n 
Ys

id
ro

Si
er

rit
a

M
ilp

as
Ti

er
ra

 A
m

ar
ill

a

G
yp

su
m

 H
ill

N
ac

im
ie

nt
o

To
w

a

�
��

Je
mez

Soda Dam

Na
ci

m
ie

nt
o

Je
m

ez

N
ac

im
ie

nt
o 

FZ

Sa
n 

Fe
lip

e 
FZ

S
an

 Y
si

dr
o-

Je
m

ez
 F

Z

���������������
�����������

�������������

���
	

Cerrito
Negro #1

FIGURE 9. Faults of the southern Nacimiento region. Yellow letters are the recommended names of the faults in this paper based on naming history and proposed 
segmentation. These can be combined with the names of regional fault zones (white letters) used by the USGS (n.d.). Blue letters are names from Woodward (1976), 
red letters are names from Kelley (1977), and strike-throughs are names recommended to be discontinued. White boxes are Laramide contractional and strike-slip 
fault segments that have been reactivated during Rio Grande rift and ongoing extension. The Towa structure is discussed in the text.



Karlstrom, Lucas, Koning, Crumpler, Goff, Kelley, Reed, Iverson, and Crossey120
neotectonism because the CO2 is deeply derived and ascends 
on fault conduits. They are also a cause of neotectonism be-
cause the carbonic fluids create high pore-fluid pressure that 
can decrease effective normal stress and promote reactivation 
of faults. 

These springs also cause degradation of water quality when 
lower-world waters mix with upper-world (meteoric) recharge. 
This mixing is evident and quantifiable in surface water mix-
ing, as reported by Crossey et al. (2012) for the Jemez River, 
where geothermal inputs at Soda Dam degrade water quality—
an effect that makes water unsafe to drink at low river stag-
es. The same type of mixing takes place in groundwater but is 
more cryptic and often masked in Rio Grande rift aquifers. Ev-
idence for groundwater mixing of lower-world waters in Rio 
Grande rift groundwater include the hydrochemical variations 
in well fields and calcite cementation along faults, in Santa Fe 
Group sandstones, and in your water heater. 

New Mexico has also produced great wealth from the oil 
and gas within the San Juan Basin. These oil, mineral, and wa-
ter resources make a direct connection between our geoheri-
tage and human needs for water and energy. Papers in this vol-
ume explore critical mineral resources in the region and their 
importance (McLemore, 2024). 

CONCLUSION

New Mexico provides an exceptionally well-exposed geo-
logic record of nearly 2 billion years of Earth’s history. This 
record can be summarized in three main chapters, with one 
major chapter missing. Chapter 1, the basement rocks, records 
the formation of North American crust and mantle lithosphere 
between 1.8 and 1.4 Ga. This lithospheric assembly created 
high mountains (~1.7 Ga) and an orogenic plateau (~1.45 Ga) 
as volcanic arcs collided with an evolving southward-grow-
ing (in today’s coordinates) Laurentian continent. One or more 
missing chapters (the Great Unconformities) record the ero-
sional demise of those mountains to exhume middle crustal 
basement rocks. Chapter 2, recorded by Paleozoic and Meso-
zoic strata, are a record of changing sedimentary environments 
in a near-sea-level continent from about 1.0 Ga to 66 Ma. The 
fossils entombed in these sediments record the biological evo-
lution of life on Earth. Chapter 3 records the formation of the 
modern landscapes during three uplift episodes, Neogene vol-
canic activity, and focused extension in the Rio Grande rift. 
The three uplift episodes took place during the 90–45 Ma Lar-
amide formation of the Rocky Mountains, the 38–23 Ma Ce-
nozoic magmatism of the ignimbrite flare-up, and the post-20 
Ma uplift. Unlike orogenic (mountain building) uplifts, each of 
these were epeirogenic (plateau building; Eaton, 2008) uplifts 
involving broad regions that were elevated by mantle-driven 
changes in plate buoyancy. West-east extension after 30 Ma 
created the north-trending Rio Grande rift. Normal faulting 
during this time, particularly after 20 Ma, created the space for 
multi-kilometer-thick deposition of Santa Fe Group in the Al-
buquerque basin and created imposing, rift-flank uplifts such 
as the Sandia Mountains. Post-20 Ma extension interacted with 
the northeast-trending Jemez lineament to produce the Jemez 

volcanic field, which has erupted felsic, intermediate, and maf-
ic lavas and tephras since 11 Ma, in addition to voluminous, 
ignimbrite-producing eruptions at 1.62 and 1.23 Ma (Otowi 
and Tshirege members of the Bandelier Tuff).

One conclusion of the 2024 NMGS Fall Field Conference is 
that the post-20 Ma uplift is ongoing and is helping to expose 
the nearly 2-billion-year-long older geologic stories. Iconic 
mountain, canyon, and plateau landscapes are being continu-
ally reshaped by erosion that is responding to both the cyclical 
climatic shifts and surface uplift. The uplift process reflects 
interacting forcings of mantle convection, crustal and mantle 
magmatism, faulting, and river incision. Pick your chapter or 
process of greatest interest, and continue to learn about the oth-
ers as well. For questions about where the southern end of the 
Rocky Mountains, the eastern edge of the Colorado Plateau, or 
the western edge of the Rio Grande rift are, the nexus region 
shows that the boundaries are transitional. The Colorado Pla-
teau and Rio Grande rift boundary could be defined at faults 
that bound the western edge of Santa Fe Group rift-fill sedi-
ments (e.g., some segments of the San Ysidro-Jemez fault), but 
reactivation of older Laramide faults in the nexus region shows 
that ongoing crustal extension is also affecting the easternmost 
Colorado Plateau. The boundaries of the Rocky Mountains are 
generally drawn at the “break in slope,” but the nexus shows 
that one such mountain uplift, the Nacimiento uplift, is under-
going block uplift at its southern tip (north of the highway), 
whereas the Tierra Amarilla area (south of the highway) is 
collapsing via extensional slip on older faults. Covered uplifts 
within the Rio Grande rift such as the Ziana anticline and Sier-
ra uplift (Cather, 1983) may also have been shaped by collapse 
and reactivation of older Rocky Mountain fault blocks. The Je-
mez lineament has it all: Proterozoic ancestry, upwelling man-
tle, and presently dormant but potentially active magmatism. 
The Nacimiento geologic nexus region is an excellent place 
to refine our understanding of the interaction of these geologic 
features and processes. 
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