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Blue halite crystals from a Permian Basin potash 
mine. Photo by Virginia McLemore.

Into the Permian Basin
In this issue...

This edition of Lite Geology focuses on the Permian Basin, part 
of the arid, Chihuahuan desert of southeastern New Mexico, west 
Texas, and northern Mexico. The Permian Basin is named after the 
Permian period of geologic time, which occurred 251 to 299 million 
years ago. During the early and middle Permian, all of the conti-
nents were joined together to form the supercontinent, Pangea—a 
land mass surrounded by ocean. The Permian Basin, located on 
the western edge of Pangea, was part of an inland sea connected 
to the main ocean by the Hovey Channel. During the middle part 
of the Permian a massive reef developed, the Capitan Reef, which 
today is known as one of the best preserved fossilized reef systems 
in the world. This inland sea hosted an abundance of macroscopic 
and microscopic marine life whose decomposition eventually 
became the source of oil and gas reserves in the region. The Hovey 
Channel became constricted approximately 260 million years ago 
and the inland sea began to dry up, precipitating potash (potassium 
salts) from the evaporating sea beds. In this Lite Geology, we 
discuss Quaternary sand dunes in the Permian Basin, Pecos Valley 
Diamonds, potash mining, resource and hazard management using 
three-dimensional visualizations of the subsurface of the Permian 
Basin, petroleum resources, and induced seismicity. We will also 
interview Diana Northup, a geomicrobiologist and caver, who has 
studied microbial life from Carlsbad Caverns and other caves in the 
Permian Basin.
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Permian Basin Sands
New Mexico is known for its mountains, ancient volcanoes and 
lava flows, river valleys draining the southern Rockies, and desert. 
Sand dunes typify deserts and White Sands National Park is a 
great example. In this desert setting, almost pure gypsum sands 
have been deflated, or blown off the floor of a Pleistocene lake 
bed, which dried up at the end of the last glacial period. Similarly, 
during this period (from ~12,000 to 9,000 years ago) on the Great 
High Plains, rivers that once carried glacial meltwater from the 
Rockies dried out. Sands blew out of the dried river bottoms and 
collected on adjacent, sand-laden uplands. Here, sands have been 
eroding out of the Ogallala Formation, a vast apron of sands and 
gravels that shed off of the Rocky Mountains 5 million years 
ago. Numerous dune fields are the result of these erosive and 
wind-blown processes, extending from the Sand Hills of Nebraska 
southward as far as west Texas.
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In southeast New Mexico, 
the Mescalero sands tran-
sition into the Monahans 
sands to the south into 
Texas. Here the story gets 
complicated and intriguing! 
In the Roswell area, the 
Mescalero sands largely 
blew out of the Roswell  
Artesian Basin and the 
Pecos River floodplain. The 
Pecos is believed to have 
begun flowing southward 
through the basin in the 
middle to late Pleistocene. 
Here, the sands have piled 
up against the Caprock 
Escarpment, composed 
of Ogallala sediments, 
which probably contributed 
little sand to the dunes. 

The Caprock Escarpment consists of petrocalcic soils containing 
calcium carbonate that have turned rock-hard, throughout the 
Pleistocene, and are often called “caliche”. This Escarpment 
developed at the top of the Ogalalla Formation, exposed in the 
cliffs below the petrocalcic “caprock”. The escarpment forms the 
northern and western edge of the Llano Estacado of west Texas 
and southeast New Mexico. But further south, east of the Permian 
Basin (south and east of Carlsbad), the Ogallala loses its cemented 
caprock in places and riverine sources are now distant.

A modern hypothesis has been put forth stating that during 
Miocene to Pliocene time (~15 to 2 million years ago), an ancestral 
Pecos River flowed north from the Davis Mountains of west Texas 
across the Mescalero Plain of southeast New Mexico. The Mescalero 

Plain lies immediately east of the modern Pecos River Valley, and 
is largely covered by the Mescalero sands. The desiccation of the 
ancestral Pecos River as the source of the southern Mescalero sands 
is certainly a plausible scenario, but requires further study.

The Mescalero sands contain a treasure trove of climate change 
data over the last ~100 thousand years due to the buried soils 
they contain. Simply put, active sand deposition indicates dry, 
arid conditions; but during cooler, moist conditions, dunes are 
stabilized by the establishment of plants and organisms, and soils 
can develop. These are then later buried by active dunes during 
subsequent arid times.

The Mescalero Plain was quite stable throughout much of 
the Pleistocene and a well-developed soil (the “Mescalero soil”) 
formed on the Permian–Triassic sediments. Roughly 70 to 100 
thousand years ago, strong westerly winds picked up the Pecos 
River alluvium in the north, deflated Ogallala and ancestral Pecos 
River sands southward, and buried the Mescalero soil. Between 60 
to ~13 thousand years ago, North America was impacted by the 
Wisconsinan Glacial period, and locally, new soils were established 
on the Mescalero Plain sands. It likely resembled a modern-day 
Idaho landscape, covered with sagebrush grassland. Springs were 
plentiful, and high groundwater levels filled playa lakes.

Dramatic drying of the early Holocene (~12 to 9 thousand years 
ago) followed. Winds entrained dried playa, spring, and cienega 
deposits, and another eolian (wind-derived) sand was deposited on 
the Wisconsinan soil. Conditions calmed during the middle to late 
Holocene, sand moved little as the shinnery oak community was 
established and another, thinner soil developed. The present day 
landscape was established beginning around the 1880s, when large 
numbers of grazing livestock were introduced, vegetative cover was 
reduced or removed, and the Mescalero Sands were mobilized in 
places into active parabolic, barchan and coppice dunes.

The buried Mescalero soil partially exposed beneath Mescalero 
sands. Photo by Dave McCraw.

Cross section of 
coppice dune in the 
Mescalero sands. 
Photo by Dave McCraw.

The distribution of High Plains Sand
is shown by the stippled pattern.

—Dave McCraw
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“Diamonds of the Desert”—Authigenic Quartz  
Crystals of the Pecos Valley

Aerial view of lagoon to sabkha transition. Dark, algal sediments mark the middle and upper parts of the intertidal zone along the coast. Brown to tan 
sabkha shows signs of recent flooding by marine waters. This photo was taken in the United Arab Emirates, Abu Dhabi and shows 2 to 3 km of coast. 
Southeastern New Mexico was located near the equator during the Permian, like the modern example, and this is what it might have looked like 
during the time of Seven Rivers Formation deposition. Photograph by Peter Scholle. 

Pecos Valley Diamonds (PVDs) are colorful, doubly-terminated 
quartz crystals that occur in scattered outcrops of the Seven Rivers 
Formation (Permian) along the Pecos River valley in southeastern 
New Mexico. The majority of PVDs are found between Artesia 
and the ghost town of Dunlap. Although authigenic quartz 
(formed in place within sediments and sedimentary rocks) is 
relatively common in evaporite (salt) sequences worldwide and 
throughout geologic history, PVDs are unique for their large size, 
variable color and variety of crystal forms. This is what made 
them a favorite among mineral collectors for over one hundred 
years, as recorded in advertisements for them from mineral-related 
magazines published as early as 1895.

The Seven Rivers Formation is a part of the Guadalupe reef 
complex and represents a back reef evaporate basin called a sabkha; 
a coastal, supratidal mudflat or sandflat in which evaporite-saline 
minerals accumulate as the result of semiarid to arid climate, like in 
the modern Middle East (photo above). The rocks consist predom-
inantly of gypsum with lesser amounts of dolomitic limestone, 
red and gray gypsiferous shale, and fine-grained sandstone. The 
distribution of PVDs is limited to specific depositional environ-
ments that resemble salinas and/or salt pans within a larger sabkha 
setting. The presence of organic matter, formation of dolomite, and 
the oxidation of sulfide appear to be important components to the 
ultimate formation of PVDs. 

Crystals in the New Mexico Bureau of Geology and Mineral 
Resources Mineral Museum collection range from microscopic to 
a maximum of 6.5 cm along the c (long) axis. Median length for 
perfect crystal forms is approximately 2.5 cm; those larger tend 
to be distorted. Pecos diamonds take on a wide range of colors 
(photo below). Perfectly transparent crystals are usually less than 4 
mm long. Larger crystals take on the color of the gypsum matrix, 
usually with a slight increase in intensity. Color bands in the host 
rocks, present as laminations or along fractures, often cross the 
included quartz crystals without interruption attesting to their 
growth in place. Discrete inclusions of other minerals are common, 
mainly gypsum in the outer portions of some crystals. Anhydrite 
inclusions, oriented along growth planes, are preferentially found 
in the cores of the crystals but absent on the rims. Surface features 

A “rainbow” of colors displayed by Pecos Valley diamonds.  
Photo by Virgil Lueth.
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include variations in reflectivity, growth lines, negative crystal pits, 
crystal mold impressions, and linear depressions. Prismatic faces, 
when present, are typically rough, whereas the rhombohedron faces 
tend to be smooth. 

One of the distinguishing features of PVDs when compared 
to other occurrences of authigenic quartz is the great variation in 
crystal forms. In the vast majority of occurrences, quartz crystals are 
typically hexagonal prisms terminated on both ends by positive and 
negative rhombs. Clusters of quartz crystals are sometimes ob-
served. Interestingly, these clusters are composed almost exclusively 
of one large core crystal with smaller crystals growing from the 
prism faces. These smaller crystals tend to grow perpendicular to 
the prism face and radiate outward, parallel to the bedding planes 
within the host gypsum and create sunburst patterns of crystals.

An example of the many forms of authigenic quartz known as Pecos Valley Diamonds. Top left—pseudocubic; 
Top right—bipyramidal quartz (sometimes called beta quartz), note the pseudo-octahedral form in the lower 
center of this group; Bottom left—prismatic quartz illustrating the variation of luster on particular faces. In this 
example the prism faces are dull along with the negative rhomb on the pyramidal faces, but the positive rhomb 
is smooth. Also note the start of a cluster in the center crystal that is growing from the prism face; Bottom  
right —trigonal prism quartz with inclusions and color zonation. Photo by Virgil Lueth. 

Cited references

James L. Albright and Virgil W. Lueth. “Pecos diamonds–quartz 
and dolomite crystals from the Seven Rivers Formation 
outcrops of southeastern New Mexico,” New Mexico Geology 
25, no.3 (2003): 63-74 

https://geoinfo.nmt.edu/publications/periodicals/nmg/backissues/
home.cfml?Volume=25&Number=3

—Virgil W. Lueth

https://geoinfo.nmt.edu/publications/periodicals/nmg/backissues/home.cfml?Volume=25&Number=3
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Isometric 3D visualizations of the (a) subsurface resources and (b) subsurface geology of a portion of the Permian Basin in southeastern  
New Mexico. To improve clarity, oil and gas wells are only shown from 0 feet elevation down to their total depths, only wells drilled since the year 2000 
and north of the Delaware Basin are shown, and the land surface has been raised 6,000 feet to show the underlying features. Abbreviations: ft - feet; 
km - kilometers; KPLA - Known Potash Leasing Area; Mtns - Mountains; WIPP - Waste Isolation Pilot. Figure by Colin Cikoski.

Earth Briefs—Subsurface Geologic Models 
for Resource Management
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The Permian Basin is an area of significant subsurface resources 
and resource management challenges. Beneath the often-empty 
landscape of the lower Pecos River Valley lies abundant oil, gas, 
and potash mineral resources that are important contributors to 
the economy of the state, as well as groundwater resources that 
are crucial to farms along the valley floor and ranches throughout 
the area. Thick halite (rock salt) layers of the Ochoan-age (~260 
to 252 million years ago), in the upper Permian Salado Formation 
also host the Waste Isolation Pilot Plant (WIPP) site, the nation’s 
only permanent nuclear waste repository, at about 2,150 ft below 
the surface of the plains east of Carlsbad. However, the halite-, 
gypsum-, and carbonate-bearing rocks just below the surface 
are also subject to dissolution where exposed to undersaturated 
groundwater. As a consequence, the groundwater is often high 
in dissolved solids, which limits the amount of water resources 
that can be used domestically and in agriculture. In addition, 
dissolution over geologic time scales produced shallow subsurface 
cavities that can challenge construction and drilling activities. 
Developing the economic resources of the area while conserving 
and protecting the limited low-salinity water resources and 
mitigating potential sinkhole hazards results in considerable land 
and resource management challenges.

Increasingly, geological surveys both nationally and internation-
ally are developing digital subsurface models to assist in managing 
resources in challenging environments. Through a recent project 
sponsored by the Healy Foundation, the New Mexico Bureau of 
Geology Aquifer Mapping Program is constructing such models 
for the Permian Basin and adjacent areas by compiling, processing, 
and synthesizing decades of oil, gas, and water well data; 
geologic surface maps and subsurface interpretations; and previous 
hydrogeologic studies. Combining multiple types, sources, and 

ages of data provides for excellent data coverage, but also presents 
significant challenges. The data varies in quality and consistency, 
and data gaps are common, as petroleum geologists and hydroge-
ologists focus their studies on different portions of the stratigraphy 
and not uncommonly simplify or do not record elements of the 
rock record outside their interests. Innovative spatial analysis and 
geostatistical methods are adapted to evaluate data quality, improve 
data coverage, and build the geologic models while quantifying the 
uncertainty in model results.

The geologic model consists of a set of digital surfaces that 
depict the three-dimensional subsurface topography of the contacts 
between major geologic units. These contacts in turn locate 
regions of the subsurface where certain resources or hazards may 
be present. For example, the salt-rich strata of the Ochoan Series 
hosts the potash ore zone and the WIPP repository, but also hosts 
near-surface cavities that can be sinkhole hazards. Groundwater is 
found throughout the Ogallala and Pecos Valley alluvial aquifers, as 
well as in shallow portions of the San Andres and Yeso Formations. 
Petroleum reservoirs are mostly found below the Yeso Formation. 
Models such as these can help manage a crowded subsurface and 
protect vital water resources while assisting in the development of 
economic resources.

—Colin Cikoski
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Potash 

The Carlsbad potash district in southeastern New Mexico is 
the largest potash producing area in the United States and New 
Mexico ranks first in production of potash in the country. The first 
commercial production in New Mexico occurred in 1931. More 
than 114 million tons of potash worth more than $16 billion have 
been produced from the district since 1951.

So what is potash? Potash is used as fertilizer for crops, as a 
preservative in meat, in detergents and as a chemical in specialty 
and industrial markets. Potassium is the third most widely used 
fertilizer nutrient after nitrogen and phosphorus. Fertilizer accounts 
for more than 90% of total potash consumption.

In New Mexico, potash is found in sedimentary bedded salt 
deposits. Langbeinite (K2SO4·2MgSO4) and sylvite (KCl) are 
the primary potash minerals found in Permian evaporates of the 
Permian Basin. Sylvinite, a mixture of sylvite and halite, is the 
typical ore mined in the Carlsbad potash district. New potash 
mines are opening throughout the world, resulting in declining 
prices, over supply, and an uncertain future for the potash industry  
in New Mexico.

Potash is mined underground in Carlsbad, at depths of 
800–1,500 ft, transported to the surface, and processed. The most 
common forms are potash, potassium chloride or KCl, and muriate 
of potash (MOP; the term used to define the most concentrated 
form of granular potassium and typically the most cost effective), 
with a minimum analysis of 60% K2O. The material is differenti-
ated by grain size as granular, coarse, standard, and soluble. Most 
fertilizer-grade MOP is colored pink to red due to iron oxide 
content and contains 60–60.5% K2O with 2.0–3.0% NaCl and 
other impurities; refined grades (62.0% K2O and higher with a 
maximum of 1.0% NaCl) are white. The mineral langbeinite, or 
sulfate of potash magnesia (SOPM) or KMS, is used as a specialty 

Students headed for a tour of a potash mine in the Carlsbad potash 
district. Photo by Virginia McLemore.

fertilizer and an animal feed additive. This natural source of SOPM 
contains 22% K2O and 18% MgO and is produced commercially 
in New Mexico. 

Potash is also produced by solution mining at the HB Solar 
Solution mine. Saline brines are injected into the old underground 
workings (formerly the Eddy mine) and potash-rich solutions 
are extracted. The HB Solar Solution mine has five million tons 
of proven and probable reserves and an estimated mine life of 28 
years.

Intrepid Mining LLC and Mosaic Co. operate mines in the 
Carlsbad district. The estimated potash reserves in the district 
amount to more than 553 million short tons. The Potash Enclave, 
also called the Designated Potash Area (DPA) (formerly the Known 
Potash Leasing Area or KPLA); consists of that part of the district 
where federal and state lands require competitive bidding for 
mineral leases, under the U.S. Bureau of Land Management (BLM) 
oversight. The DPA was first established in 1939 to withdraw oil 
and gas leasing from the area and was modified in 2012.

Potash-bearing evaporites occur in Ochoan (Upper Permian) ma-
rine rocks in the Delaware Basin portion of the Permian Basin of 
west Texas and southeast New Mexico. The Ochoan is divided into 
four formations, of which the second oldest, the Salado Formation, 
contains minable potash. The Salado, up to a maximum of 2,100 ft 
thick, is an evaporite sequence dominated by 650–1300 ft of halite 
and muddy halite in the DPA. It hosts 12 ore-bearing zones; 11 in 
the middle or McNutt Member, and one in the upper member. The 
McNutt Member of the Salado Formation dips about 1 degree to 
the east within the district and is about 400 ft thick.

Potash ore zones are 3–10 ft thick and are laterally consistent 
except where interrupted by barren halite (i.e. with no potash), 

Potash drilling underground in the Carlsbad potash district. Photo by 
Virginia McLemore. 
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collapse features, and igneous dikes. Commercial deposits were 
created in some localities by magnesium-undersaturated fluids 
moving through the zones, but in other areas late fluids dissolved 
ore, producing barren halite (salt horses). The McNutt Member is 
absent in the subsurface just west of the present mines. A typical 
mixed ore from the Salado in the district contains 60% halite and 
30% sylvite (usually together as sylvinite), with 5% langbeinite, 2% 
polyhalite, and 2% insolubles.

In a recent development, Intercontinental Potash Corp. (IPC) 
has announced their intention to open a new underground mine 
a few miles southeast of the DPA, extracting polyhalite from the 
Tamarisk Member of the Rustler Formation. Polyhalite is a low 
sodium and chloride mineral that is of particularly high value for 
some agricultural crops sensitive to those ions. IPC’s holdings are 
in eight townships and the depth of polyhalite bed to be mined is 
from 1,200 ft on the west side to 2,200 ft on the east side of the 
properties. With an average minable thickness of 6.73 ft, ICP’s 
Ochoa Project is calculated to contain 399,600 short tons of ore. A 
minimum minable thickness of 6 ft (1.8 m) and an 85% polyhalite 
grade is assumed.

Potash is a major commodity product in New Mexico and 
reserves are abundant, making it likely to remain a major commod-
ity in the state in the near future. Solution mining will probably 
become more significant in the future as well.

For further reading

Austin, G.S., 1980, Potash in New Mexico: New Mexico Geology, 
v. 2, p. 7-9.

Barker, J. and Gundiler, I., 2008, New Mexico potash—past, 
present, and future: New Mexico Bureau of geology and 
Mineral Resources, Earth Matters, Summer 2008, 6 p.

McLemore, V.T. and Austin, G.S., 2017, Industrial minerals and 
rocks; in McLemore, V.T., Timmons, S., and Wilks, M., eds., 
Energy and Mineral deposits in New Mexico: New Mexico 
Bureau of Geology and Mineral Resources Memoir 50 and New 
Mexico Geological Society Special Publication 13, 128 p.

www.blm.gov/nm/st/en/prog/energy/2012_secretarial_order.html

—Virginia T. McLemore

Close up of red potash ore, sylvite. Photo by Virginia McLemore.

www.blm.gov/nm/st/en/prog/energy/2012_secretarial_order.html
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Oil Production in the Delaware Basin— 
Resurgence in an Old Basin 
The Permian Basin covers approximately 86,000 mi2 of south-
eastern New Mexico and western Texas. The basin is filled with 
sedimentary rocks and sediment ranging in age from Cambrian 
to Quaternary. Oil was first discovered in the New Mexico part 
of the Permian Basin in 1924. Although the San Juan Basin 
recorded the first oil production in the state, the Permian Basin 
soon dominated oil production. The Permian Basin currently 
accounts for 97% of the state’s production and the state’s historical 
oil production curve reflects the production history of the Permian 
Basin. Oil and natural gas have been produced from strata of 
almost every age.

The Permian Basin is formed by several tectonic elements. The 
deep Delaware, Midland and Val Verde Basins are separated by 
the shallow Central Basin Platform and Ozona Arch and rimmed 
by shallow shelves. During the Pennsylvanian and most of the 
Permian Period, the deep basins were filled by up to 1,500 ft sea 
water in which deep marine shales and finely crystalline limestones 
slowly accumulated. The platforms and shelves that bordered the 
basins were covered by less than 200 ft of shallow seas in which 
sandstones, limestones and shales accumulated. The Pennsylvanian 
and Permian strata that accumulated in the deep basins are 10,000 
ft to 15,000 ft thick and equivalent strata are less than 8,000 ft 
thick on the shelves/uplifts. The sediments deposited in the deep 
basins contain enhanced concentrations of the remains of marine 
organisms, especially algae. At the depths that they occur in the 
deep basins, the organic remains have been matured (or “cooked”) 

Map of the Permian Basin and its tectonic subdivisions. Simplified from 
Dutton et al (2005).

Stratigraphic column of sedimentary rock units in the Delaware Basin, 
indicating which strata have produced oil and natural gas. Bone 
Spring and Wolfcamp strata, indicated in orange, currently produce 
approximately 80% of the oil in New Mexico. Depths to formation 
tops are from the Texaco No. 65 Cotton Draw well, which is located in 
southeastern Eddy County. Depths to tops decrease to the north and 
west of this well and increase to the east and south (into the Texas part 
of the Delaware Basin).
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into oil. The strata deposited in the deep basins have very low 
permeability so the oil within these rocks is not easily extracted.

From the early discoveries production steadily grew until 1969. 
After 1969, a decline set in as most of the easily recognized oil 
accumulations had been discovered. After 1982 the decline levelled 
off somewhat. If the trend established after 1982 had continued 
until today, we would currently be producing about 55 million bbls 
oil per year in New Mexico. More than 80% of that production 
would have come from reservoirs on the Central Basin Platform 
and the Northwest Shelf.

 In 2010 oil production increased sharply. This resulted from the 
development of horizontal drilling. This new technique involves 
drilling a well vertically downward until the reservoir is reached. 
The drill bit is then turned and drilled horizontally through the oil 
reservoir for up to two miles. The result is that wells are in contact 
with a much larger portion of the reservoir than is the case with 
wells which are drilled vertically through the reservoir. Prior to the 
upswing in production, wells had been drilled vertically without 
a horizontal component. In addition, hydraulic fracturing was 
adapted to horizontal wells. Hydraulic fracturing creates artificial 
fractures in the low-permeability reservoirs surrounding the well 
and further increases the surface area of the reservoir that the well 
is in contact with. Oil production in New Mexico during 2019 
was 329 million bbls, 6 times the amount that would have ensued 
without horizontal drilling. Approximately 86% of current Permian 
Basin production is now obtained from low-permeability Permian-
age reservoirs in the deep Delaware Basin with almost all new oil 
production coming from the Wolfcamp and Bone Spring.

The Covid-19 pandemic has had an enormous detrimental effect 
on oil production from the Permian Basin as well as elsewhere in 
the world. The global spread of the pandemic has led to a decline in 
the usage of oil and oil prices have dropped accordingly. Oil prices 
were approximately $60/bbl at the end of 2019 and fell to $50/

bbl in March 2020 and subsequently 
to about $10/bbl in April as the virus 
quickly spread across Europe and 
the U.S. By August 2020 oil prices 
recovered to around $40/bbl. The more 
productive reservoirs in the Permian 
Basin require oil prices to be around 
$35/bbl for wells to be economically 
viable. Other reservoirs may need oil 
prices in excess of $60/bbl for well to 
be economically viable. As a result of 
the steep decreases in oil prices, drilling 
activity has slowed considerably. The 
number of active drilling rigs in the 
New Mexico part of the Delaware Basin 
hovered around 115 during the early 
spring of 2020 but has dropped to 45 
in mid-August. With the decreased rate 
of drilling, fewer new wells are being 
brought into production. The result 
is that the continued upward increase 
in the state’s oil production evident 

in Figure 3 has stalled. At some point with fewer new wells being 
brought into production there will be insufficient new oil brought 
online to compensate for the natural decline in production from 
existing wells. The state’s production, instead of increasing as it 
has over the past several years may start to decline. How much of 
a decline will take place and when it will occur will depend on the 
future price of oil, which in turn depends on oil usage. What will 
work in New Mexico’s favor is that the Permian Basin reservoirs 
are more economically attractive than most reservoirs in other U.S. 
basins and can be economically drilled at somewhat lower oil prices 
than most reservoirs in other U.S. basins. What seems certain, 
however, is the large increase in oil production that occurred over 
the past several years is over for the foreseeable future.

Figure 3: Historical annual oil production curve for New Mexico indicating surge from horizontal drilling 
and predicted production without horizontal drilling. Oil production is in millions of barrels. One barrel 
(bbl) = 42 gallons. Annual production data obtained from New Mexico Oil Conservation Division.
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Earthquakes in the Delaware Basin?
On the morning of March 26, 2020, residents of Carlsbad, NM 
felt the earth shaking. The reason? A magnitude 5.0 earthquake 
that occurred approximately 50 miles away, just across New 
Mexico’s southern border near Mentone, Texas.

New Mexico is no stranger to earthquakes, experiencing an 
average of 10 earthquakes of magnitude 2.5 or larger each year.  
The majority happen near the Rio Grande Rift, an extensional 
feature that passes through the state in a N–S direction, and 
through which the Rio Grande flows. However, while they are 
less common in other areas, earthquakes have occurred in all 
parts of the state. The largest earthquake recorded historically in 
New Mexico was a magnitude 6.2 earthquake that occurred on 
November 15, 1906 in Socorro, NM. The shaking was significant 
enough to be felt throughout the state and caused damage to some 
structures in Socorro.

Fortunately, the recent earthquake in Texas didn’t cause 
significant damage. But researchers in Texas and New Mexico are 
monitoring the occurrence of earthquakes in the Delaware Basin, 
a significant oil and gas producing region that spans the border 
of the two states. In recent years, activities such as wastewater 
injection have been associated with increased seismic activity. These 
human-caused earthquakes, referred to as “induced seismicity” have 

been observed in several oil and gas producing regions around the 
world. Most of these earthquakes are too small to feel and don’t do 
any damage, but in some cases they can be large enough to be cause 
for concern.

Induced seismicity first came to widespread attention in the 
United States in Oklahoma, where a magnitude 5.6 earthquake 
shook the state in 2011. Oklahoma realized the need to carefully 
monitor and regulate activities that might cause induced seismicity, 
and over the past several years has succeeded in significantly reduc-
ing the number of earthquakes associated with human activity.

The New Mexico Tech Seismological Observatory operates a 
network of 11 seismic monitoring stations in the Delaware Basin in 
addition to using data collected by the USGS and nearby TexNet 
to locate earthquakes occurring in the region. These stations 
constantly monitor seismic activity, and when an event is detected, 
researchers are able to use arrival information from several different 
stations to pinpoint the location of the earthquake.

In 2019, the New Mexico Tech Seismological Observatory located 5 
earthquakes magnitude 2.5 or larger in the New Mexico portion of the 
Delaware Basin. While this number remains lower than several other 
states with significant oil and gas activity, continued monitoring is 
essential to understanding how human activity can cause earthquakes 
and how we can effectively mitigate those earthquakes.

Register for the Great New Mexico Shakeout (www.shakeout.org/
newmexico) on October 15, 2020 to practice Drop, Cover, and Hold On 
along with millions of others across the United States. This is a great 
activity for teachers to do with their students, and individuals and other 
organizations can also participate.

If you ever feel an earthquake you can report it using the USGS Did 
you feel it? website (earthquake.usgs.gov/data/dyfi). Reporting your 
experience helps scientists better understand the patterns of shaking 
caused by earthquakes.

To learn more about earthquakes in New Mexico, and see the 
locations of the earthquakes we detect, visit our website at: 

geoinfo.nmt.edu/nmtso

Preparing for an Earthquake
Wherever you live in New Mexico, it’s a good idea to be prepared 
for the possibility of an earthquake happening. Some steps to take 
include:

• Secure heavy items such as bookcases that may fall during 
an earthquake.

• Prepare an emergency supply kit located in an  
accessible area.

• Practice Drop, Cover, and Hold On for if you feel 
shaking.

—Mairi Litherland

earthquake.usgs.gov/data/dyfi
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Stick-Slip, One-Block “Earthquake Machine” 

Makensey Bennett holds the stick-slip block and attached rubber-band 
portion of the “Earthquake Machine.” Photo by Cynthia Connolly.

Makensey slowly and steadily pulls the rubber band and notices the 
stick-slip motion of the block. Photo by Cynthia Connolly.

No eyebolt? No problem! Use a screw instead. Photo by Cynthia Connolly.

Grades: 6–12
During earthquakes, faults experience stress, strain and displace-
ment. The one-block “Earthquake Machine” model–developed by 
Iris Passcal, demonstrates this concept. This “Machine” uses one 
block, with a sliding surface coated in sandpaper, connected to a 
rubber band to model stick-slip earthquakes.

Objectives: The block and sandpaper model can be 
used to teach students about

• storage and release of energy and elastic rebound.

• sliding, static friction and properties of materials.

• the results of stress and strain in earthquakes.

Materials needed 

Lesson plan:

• one wooden block (2” x 4” about 13 cm long) 

• glue to attach sandpaper to block

• timer

• sandpaper, 2 pieces (one piece to glue to one side of one 
wooden block and one long piece to drag blocks on, you 
can cut a piece of belt sander sandpaper and flatten)

• 1 eyebolt (or screw) screwed into side of block (see picture) 

• 4 rubber-bands tied together and connected to the eyebolt 
(or screw). This will be used to pull the block (see picture 
for model set up).

• tape for attaching the long, flattened piece of sandpaper to 
the table

• tape measure or meter stick for measuring block motion

• graph paper, paper, computer(s), cell phones, projector for 
presenting information (depending on available resources 
and teacher preference)

• markers (multiple colors, if possible), pens, and pencils for 
creating graph trend lines and recording information

*Teachers should prepare the blocks before the lab by gluing the 
sandpaper to the blocks and attaching the eyebolt (or screw).

• Brainstorm with students to find out what they know 
about earthquake motion and have them make predictions 
about what modeled earthquake graphs will look like. 
Record the conversation on the board or on a large Post-It 
paper for later discussion.

• Form groups of 2 to 3 students.

• Each group will set up the “Earthquake Machine” as 
shown (see pictures). 
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• Students will slowly and steadily–pull the attached rubber 
band “rope” and will graph the time and distance the 
block moved.

• Have students present their graphs and explain what they 
think is happening. 

• Show resource videos (listed below) and discuss.

Here’s is an image of a graph and the one block set-up, taken from an 
Iris Passcal video of the Stick-slip, one-block “Earthquake Machine.” 
Find out more here: www.iris.edu/hq/inclass/animation/earthquake_
machine__basic_one_block__simple_graph_animated.

Discussion questions: 

Resources:

New Mexico Next Generation Science Standards: 

Next Generation Science Standards:

How did the group discussion at the beginning of the 
exercise compare with the model?
Answers will vary.

How did your data compare with the data of your 
classmates?
Answers will vary.

What do the block, sandpaper, and rubber band 
represent in this earthquake model? 
The wooden block represents tectonic plates, the sandpaper 
represents the frictional surface along an active fault line that 
provides the stick to the motion, and the rubber-band represents 
the elastic potential energy and kinetic motion of plates.

How does energy change during an earthquake?
Elastic potential energy is converted to kinetic energy and heat. 
Not all energy is released, so there is still potential elastic energy 
stored in the fault zone after the earthquake, which is why there 
are sometimes earthquake aftershocks.

What is elastic rebound?
In tectonically active regions, plates are slowly deformed elastically 
along active faults, which increases stress until the fault slips, 
which releases stored elastic energy.

Based on this model, would you say that  
earthquakes are predictable?
Not at this point, it’s difficult to predict when or how much 
tectonically active plates will move, we don’t know how much 
potential elastic energy is stored in the plates.

Many cities in New Mexico lie along the Rio Grande 
Rift Valley, which is tectonically active. How does the 
information that you learned by creating this model 
apply to these cities?
We don’t know when the next large earthquake will occur, but 
we can prepare for a large earthquake by building earthquake 
resistant structures, securing heavy items that could fall (like 
bookshelves), preparing earthquake safety kits (for home, travel, 
and work), and knowing how to “Duck, Cover, and Hold On” 
during an earthquake.

https://www.iris.edu/hq/inclass/animation/earthquake_ma-
chine__basic_one_block__simple_graph_animated:

https://www.youtube.com/watch?v=JYQLIpo4kwk

https://ceetep.oregonstate.edu/sites/ceetep.oregonstate.edu/files/
resources/9-earthquake-machine.pdf

HS-SS-2 NM. Construct an argument using claims, scientific 
evidence, and reasoning that helps decision makers with a New 
Mexico challenge or opportunity as it relates to science.

ETS1.B: Developing Possible Solutions—When evaluating 
solutions it is important to take into account a range of constraints 
including cost, safety, reliability, and aesthetics and to consider 
social, cultural, and environmental impacts, (secondary).

HS-ESS2-1. Develop a model to illustrate how Earth’s internal 
and surface processes operate at different spatial and temporal 
scales to form continental and ocean-floor features.

—Cynthia Connolly
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Diana entering a lava cave at El Malpais National Monument, one of her 
favorite pastimes! Photo by Kenneth Ingham.

What is your education and  
professional background?
I have a Master degree in Cave Biology and Cave Ecology working 
on invertebrates in Carlsbad Caverns National Park and a Ph.D. on 
Geomicrobiology of Caves, both from the University of  
New Mexico. 

What inspired you to become a Microbiologist?
I mentioned that I studied cave arthropods for my Master degree. 
But while I was working on that, I was conducting an inventory 
of Lechuguilla Cave and Carlsbad Cavern and I took a microbial 
ecology course, just for the heck of it. The professor handed me 
a bunch of vacuum containers and said, “Go get some water 
out of those cave pools and let’s see what’s in there.” It was a life 
changing event! When we filtered the water and imaged the filter 
with scanning electron microscopy there were all these different 
morphologies of bacteria or archaea on the filter. I was like “What 
are these doing there?” because there weren’t that many arthropods 
in Lechuguilla in the first few hundred feet, but there was this whole 
realm of possibilities for microbes in the Cave.

How does microbiology relate to geology?
This was the focus of my Ph.D. I learned that microbes can dissolve 
or precipitate rock passively or actively. A bacterial body can be 
negatively charged. For instance, calcium ions, which are positively 
charged, will stick to the microbial body leading to a precipitation 
of calcium carbonate. That’s a passive geomicrobiology interaction. 

Through the Hand Lens with Diana Northup 
But there are other microbes that fix carbon dioxide and convert it 
to a carbohydrate or some kind of organic carbon form. When they 
do, they change the pH and they change the whole geochemical 
equation between the carbonic acid, the bicarbonate and the 
carbonate; this leads to the precipitation of the calcite and that’s 
more of an active process.

Other bacteria that we see in Lechuguilla Cave can mine 
manganese out of the rock wall. These bacteria are found only in 
limestone in the +2 form oxidation state of Mn. They will oxidize 
calcium carbonate by stripping off electrons to get energy and 
electrons—which they need to grow, multiply, etc.—and their waste 
product is the manganese oxide. That’s a very active process! That’s 
the big connection to both microbiology and geology—and I  
study both.

I and several others studied “snottites” in a cave in Mexico and 
they drip sulfuric acid,which has a pH of 0 to 1. The sulfuric acid is 
created by microbes that oxidize hydrogen sulfide coming into the 
cave. These microbes strip electrons off the sulfide, oxidize it to sul-
furic acid (which is an oxidized form of sulfur), and then they form 
a mucopolysacharide (probably for protection) or snot layer and that 
forms a “snottite.” So that’s another example of something that you 
can study in caves, in which you need to understand both geology 
and the biology. This is the value of getting science from different 
disciplines together. Multidisciplinary work is where you can get the 
best answers, and view a problem from a different perspective.

What hurdles have you had to overcome to be a suc-
cessful scientist and author?
A really big one. When I was a sophomore in college, I flunked 
physics. In fact I’ve done a TED talk about it, about the value 
of mentoring. Back in the 60s, I didn’t have a good mentor who 
said, “You just didn’t study, idiot! Go back and take it again!’ so I 
gave up the idea of doing biology, but the dream never left me. I 
actually took a bunch of years to gain confidence to complete my 
undergraduate, M.S. and Ph.D. degrees. One of the big lessons I 
took away, was failure can just be a motivation to try again. In fact, 
in some countries, failure is seen as a valuable lesson—to actually do 
a better job!

Why is it important for teachers to focus on science in 
their classrooms?
Science helps inform everyday life. I’m going to speak to this from a 
microbial point of view. There are things you can do to take care of 
the microbes that live on and in you. You need to understand some 
science to appreciate it. If you eat sugar, you feed the bad microbes. 
You have cavities, but you also (much more importantly), destroy 
the microbial community in your gut that prevents a whole bunch 
of other diseases. So you have to understand science to realize that 
you should eat greens, fruits, vegetables and a plant-based diet. 
Science can help you know how to live a better life—and how to 
pay attention to things like climate change—which if we don’t 
solve, is going to have huge impacts on the planet.

—Diana Northup
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Mineral Museum
The Bureau’s mineralogical collection contains more than 16,000 
specimens from New Mexico, the United States, and around the world, 
along with mining artifacts and fossils. About 5,000 minerals are on 
display at a time. We like to show off our home state’s minerals, as well 
as give students an idea of how minerals end up in products we use 
every day. For teachers, students, and other groups, we offer free tours 
of the museum. Museum staff can also identify minerals or rocks for 
visitors. Please call ahead to ensure someone will be available. For more 
information on the museum, please visit our website at:  
geoinfo.nmt.edu/museum/

Senior Mineralogist and Museum Director: 
Dr. Virgil W. Lueth 
(575) 835-5140, virgil.lueth@nmt.edu

Museum Curator:  
Kelsey McNamara 
To schedule a museum tour, contact Kelsey: 
(575) 835-5418, kelsey.mcnamara@nmt.edu

Education Outreach:  
Cynthia Connolly  
(575) 835-5264, cynthia.connolly@nmt.edu

Publication Sales Office 
A wide selection of resources for teachers is available, including 
publications on New Mexico’s geology. Many are written for the amateur 
geologist and general public. 

We offer: 

• Popular and educational geologic publications 

• Topographic maps for the entire state of New Mexico

• Geologic maps for selected areas of New Mexico 

• U.S. Forest Service maps 

• Jewelry and children’s science exploration kits  

Teachers receive a 20 percent discount on Bureau of Geology and 
Mineral Resources and New Mexico Geological Society publications. For 
phone orders, please call (575) 835-5490. For more information, visit our 
website at: geoinfo.nmt.edu/publications

Lite Geology Credits 
Managing editor: Cynthia Connolly
Editorial assistance: Shari Kelley and Belinda Harrison
Layout, & graphics: Stephanie Chavez
Web support: Adam Read 
Editorial board: Lynn Heizler, Shari Kelley, Talon Newton,  
Dan Koning, Virgil Lueth, Dave Love, Kelsey McNamara, Ethan 
Mamer, and Stacy Timmons

The Mineral Museum and Publication Sales Office  
are housed in the Bureau of Geology and Mineral 
Resources on the New Mexico Tech campus in Socorro, 
at the corner of Leroy Place and Bullock Boulevard. 
Visitor parking on the east side of the building 
provides convenient access. 
 
Hours, excluding New Mexico Tech holidays, are:  
Monday through Friday, 9 a.m. to 5 p.m. and  
Saturday through Sunday, 10 a.m. to 3 p.m.

New Mexico Bureau of Geology and Mineral Resources
Mineral Museum and Publication Sales
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Las Cruces
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Center
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801 Leroy Place 
Socorro, NM 87801-4750 
(575) 835-5490
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