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Bulletin 164—Climate Change in New Mexico Over the Next 50 Years: 
Impacts on Water Resources  
This bulletin—the scientific foundation for New Mexico's 50-Year Water Plan—is a 
synthesis of research, technical reports, and datasets about climate change in New Mexico 
over the next 50 years and the resultant impact on water resources.

Earth Matters—Winter 2023, Volume 23, Number 1 
New Mexico Earth Matters is our free newsletter, written for New Mexicans interested in 
our state's water, landscapes, and earth resources. In this issue, learn more about critical 
minerals—essential ingredients in items like cell phones, computers, batteries, and more.

Lite Geology—Fall 2022, Volume 50 
Lite Geology is written for earth science educators in New Mexico. In this issue, see 
what a field geologist carries in their pack, discover rare earth elements in the Gallinas 
Mountains, and learn why field work is essential for groundwater mapping.

The Rio Grande: A River Guide to the Geology and Landscapes of 
Northern New Mexico 
Newly updated and back in print, this river-friendly guide is packed with full-color maps 
of the Rio Grande from Lasauses, Colorado, to Cochiti Dam in New Mexico, along with 
information on geology, history, climate, recreation possibilities, and more.

The Rio Chama: A River Guide to the Geology and Landscapes 
With mile-by-mile maps of the Rio Chama, along with chapters on the river’s spectacular 
geology and varied landscapes, this river-friendly guide is the perfect resource for boaters, 
anglers, hikers, and campers.

The Geology of Southern New Mexico's Parks, Monuments, and Public Lands 
Southern New Mexico's diverse geology is reflected in its numerous parks, monuments, 
and public lands. The accessible writing and nearly 400 full-color photographs, geologic 
maps, and illustrations in this award-winning guide allow readers to discover more than 
1.7 billion years of geologic and biologic changes in the region.

The Geology of Northern New Mexico's Parks, Monuments, and Public Lands 
Few places in the U.S. boast as rich a diversity of landscapes and public lands as northern 
New Mexico. With almost 300 full-color geologic maps, graphics, and photographs, 
this celebrated guide provides a detailed overview of the geology of the region’s parks, 
monuments, and public lands.
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What Are Sulfuric Acid Caves?Caves can form in many ways. Lava tubes form as molten rock drains from 
inside cooling basaltic lava flows, sea caves form where waves erode into cliffs, 
and glacier caves form as streams cut through or under glacial ice. But the 
most common caves are solution caves, which form as water dissolves soluble 
rocks such as limestone or gypsum. Most limestone caves result from carbonic acid, the weak acid formed 
when carbon dioxide (CO

2) gas dissolves in water. It is slightly corrosive to 
limestone and, with time, can form caves such as the extensive Mammoth 
Cave in Kentucky and Fort Stanton Cave in New Mexico. Most of these 
caves are epigene caves, which are formed by carbonic acid produced in 
CO

2-rich overlying soils and other surface sources. Epigenic limestone caves 
tend to be connected to the surface through sinkholes and sinking streams. 
Landscapes that contain these features are known as karst.Most of New Mexico’s largest caves are a little different. Carlsbad 
Cavern, Lechuguilla Cave, and most other large caves in the Guadalupe 
Mountains are karstic, but they were formed by sulfuric acid. This strong 
acid is responsible for their unusual mineralogy and morphology. Unlike 
epigene caves, sulfuric acid caves are a type of hypogene cave, which means 
that the acidic waters, or the ingredients that produce the acid, come from 
below Earth’s surface. When they form, sulfuric acid caves are fed by rising 
groundwater that carries dissolved hydrogen sulfide (H

2S). Many hypogene 
caves are not directly connected to the surface, and the overlying land lacks 
the characteristic karst topography associated with epigene caves. Surface 
erosion exposed most sulfuric acid caves in the Guadalupe Mountains when 
they were intersected by downcutting canyons.Hydrogen sulfide, the gas that gives rotten eggs their distinctive odor, 
is especially abundant in deep, oxygen-free environments associated with 
petroleum deposits or magmatic activity. Hydrogen sulfide is unstable in the 
presence of oxygen, so when rising groundwater is exposed to oxygen, it reacts 
to form sulfuric acid and elemental sulfur: 

H
2S + 2O

2 → H
2SO

4(hydrogen sulfide + oxygen → sulfuric acid)
2H

2S + O
2 → 2S0 + 2H

2O(hydrogen sulfide + oxygen → elemental sulfur + water)This usually happens at or near the water table, where oxygen is plentiful 
in cave air and fresh water from the surface. Sulfuric acid can form below 
the water table if sulfidic groundwaters mix with oxygenated waters or when 
sulfidic streams pick up oxygen from the cave air. Sulfuric acid can also 

Speleothems in Carlsbad Cavern. Photo by Peter Jones

New Mexico’s Sulfuric Acid Caves
New Mexico has some of the world’s most spectacular 
caves. Each year, roughly half a million visitors flock to southeastern New Mexico to experience the 
underground splendor of Carlsbad Caverns National 
Park and hike in the rugged terrain of the Guadalupe 
Mountains. The area attracts more than just tourists. 
Scientists from all over the world study Carlsbad Cavern, Lechuguilla Cave, and other beautiful and 
enigmatic caves in the Guadalupe Mountains. These 
caves contain strange mineral deposits and large chambers that puzzled scientists and explorers for many years. We now know that these once-mysterious 

features are the result of an unusual cave-formation 
process known as sulfuric acid speleogenesis (cave formation by sulfuric acid).

continued on next page
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The GeoloGy of 
SouThern new Mexico’S 

ParkS, MonuMenTS, and Public landS

Southern New Mexico has a 

wonderful combination of 

spectacular scenery and a sparse 

population. The state’s diverse  

and interesting geology is reflected 

in its numerous state parks and 

monuments (including Carlsbad 

Caverns and White Sands 

National Parks) as well as other 

publicly accessible lands ranging 

in size from the multi-million acre Gila wilderness to small 

roadside turnoffs and picnic areas. This book, crafted by 

geoscientists but written for the interested public,  

provides an understanding of the 

exposed rock units that record more 

than 1.7 billion years of geologic and 

biologic changes in this region. With 

nearly 400 full-color photographs, 

geologic maps, and illustrations, this 

book illuminates not just the rocks and 

fossils of southern New Mexico, but 

also archaeological/historical sites as 

well as the water, mineral, and energy 

resources of the region.

NEW MEXICO BUREAU OF GEOLOGY & MINERAL RESOURCES
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The GeoloGy of 

NorTherN New Mexico’s 

Parks, MoNuMeNTs, aNd Public laNds

Few places in the U.S. boast as rich 

a diversity of landscape and public 

lands as northern New Mexico. Here in 

one volume is an authoritative overview 

of the geology of these parks, monuments, 

and public lands, with information on the 

regional setting, the rock record, and the 

most prominent geologic features. The book 

includes chapters on nine national parks 

and monuments, seventeen state parks,  

and many of the most popular Bureau of 

Land Management and U.S. Forest Service 

units in this part of the state. Also  

included are chapters on two of our 

newer parks, the Valles Caldera National 

Preserve and Kashe-Katuwe Tent Rocks 

National Monument. With over 300 

full-color geo   logic maps, graphics, and 

photographs, the book is a perfect  

introduction to some of New Mexico’s 

most significant geologic landscapes. 
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