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Introduction 
 
If there is one message that I hope you remember from your soils studies for Envirothon, it is this:  
 
Earth’s soils are incredibly diverse, and we must understand this diversity before we can manage 
landscapes appropriately.  
 
In my career as a soil scientist, I have worked in eight western states and dug thousands of pits, and I 
have never seen the exact same soil twice. Sometimes the differences were subtle (Soil A was 2 cm 
deeper to bedrock than Soil B). Sometimes these differences were extreme (Soil X looks like a pile of 
loose gravel; Soil Y is mostly clay, and contains a number of interesting layers). 
 
Since humans rely on soils to produce most of our food, most of the research we have done on soil has 
come from cropland. Most crops require a lot of water to grow, and most of New Mexico is quite dry. 
Most farming practices only work on land that is pretty flat, and much of New Mexico is steep. Many of 
New Mexico’s soils are either too shallow to bedrock, too rocky throughout, or too salty to grow most 
crops in. Finally, those of you from the northern mountains understand that much of New Mexico is too 
cold for most crops. These factors, and others, explain why only 2% of New Mexico is currently 
cropland—the flat country along major rivers and areas of the High Plains where good groundwater can 
be pumped.  
 
Here’s a story that is all too common here in New Mexico: 
 
A young couple moves to NM from the East Coast (where it rains a lot), and buys 40 acres, hoping to live 
a simple, sustainable life. They plow up the ground and break a bunch of equipment on rocks. They plant 
corn and wait for the rain. It doesn’t rain, but the wind blows, carrying away tons or precious topsoil. 
They decide to try raising livestock instead. They plant the barren field with grass seed, but the land 
doesn’t produce enough grass to feed a single cow. They give up on ranching and decide to plant a small 
garden, which they have just enough well water to irrigate. They add a bunch of lime and ash to the soil 
(which works great in the acidic soils of the East), but this only makes their garden less productive 
(because they just made an alkaline soil more alkaline). Finally, they ask their neighbor for advice. He 
tells them that they are the third couple from out of state to waste their money and time on that 
property. The couple gives up and moves away. Over time, native plants move back onto the land. Birds 
nest in the shrubs and grasshoppers graze on the grass. Every once in a while, a pronghorn browses on a 
shrub, or a hawk harvests a rodent from the land.  
 
Before I launch into a discussion of New Mexico’s soils, I’ll pose this question: If a landscape doesn’t do 
what we expect it to, is something wrong with the landscape, or is something wrong with our 
expectations? 
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The Five Soil-Forming Factors  
 
As you may have learned in the guide “From the Surface Down,” a soil’s properties (its observable 
characteristics such as texture and color) are determined by five soil-forming factors. This relationship 
between properties and factors was proposed by Hans Jenny in 1941 as a simple equation:  
 
S = f(cl, o, r, p, t,…) 

• S = current soil properties 
• cl = climate 
• o = organisms or organic activity 
• r = relief topographic position 
• p = parent material 
• t = time 

 
Some students call this the “clorpt” equation. Translated into English, it means: “Current soil properties 
are a function of climate, the activity of organisms, topographic position, parent material, and time.” 
The take-home message is that if any one of these factors is different between two soils, the soils will 
have different properties.  
 
Time 
As you may have learned in the guide “Parent Material and Landforms,” we find soils of different ages 
on different parts of a landscape. For example, soils on a stream terrace will be older than soils on a 
floodplain below. Soils change over time in response to many processes: organic matter accumulating in 
the topsoil as roots die; percolating water moving carbonates and clay particles downwards; ice-
wedging and chemical reactions breaking large particles into smaller particles; etc. An older soil tends to 
have at least a few horizons that are obviously different from each other. A very young soil will often 
look the same throughout.  
 
Large portions of the US were scoured by glaciers during the last Ice Age, which ended around 12,500 
years ago. For this reason, you won’t find soils older than 12,500 years across a huge portion of the 
Upper Midwest and the Northeastern US. New Mexico, on the other hand, hasn’t had continental 
glaciers, so it is home to some very old soils (in the millions of years). Of course, we also have some 
brand new soils in areas where material was recently eroded or deposited (arroyos, floodplains, cliffs, 
sand dunes, etc.)  
 
For an illustration of the effects of time on soil properties, see Figure 1 below. Both soil series formed in 
limestone (calcium carbonate) alluvium in a hot, dry climate. Both soils formed under similar plant 
communities: desert shrubs and grasses. Both soils formed on relatively gentle slopes. The difference in 
properties can be explained by one factor: time. The Dunaway soil is less than a hundred years old; the 
Kimrose soil is tens of thousands of years old.  
 
The Kimrose soil started its life looking like the Dunaway soil. Over time, organic matter accumulated in 
the topsoil. Meanwhile, rainwater dissolved carbonates from the topsoil and carried them downwards. 
Many of the rocks were dissolved entirely. When water was drawn up by roots, dissolved carbonates 
were left behind—they precipitated out of solution. Eventually, most of the pores in the lower soil 
profile were filled with carbonates, causing this layer to be cemented together. This cemented soil layer 
looks and feels like bedrock. Many people call such a layer “caliche”. 
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Figure 1. Two soil series from Carlsbad Caverns National Park. On the left is the Dunaway series; on the 
right is the Kimrose series. Units are in centimeters. The white layer in the Kimrose soil is cemented by 
carbonates. Photos by Santa Fe Soil Survey Office (NRCS). 

Why do these differences in soil properties matter?  First, the Kimrose soil can hold more water because 
it is much  finer in texture and higher in organic matter than the Dunaway soil. In fact, the upper 20 cm 
of the Kimrose profile can hold more water than the upper 1.5 meters of the entire Dunaway soil! 
Second, all of the organic matter that’s darkening the Kimrose topsoil is very rich in plant nutrients. 
Third, pH is much lower in the Kimrose topsoil because most of the carbonates have been removed over 
time. Soils that are high in pH throughout tend to “lock-up” nutrients like iron and phosphorus—making 
them unavailable to plants. Finally, because the Dunaway soil is so low in clay, and doesn’t contain a 
restrictive layer (such as caliche), water percolates very rapidly through this profile. This protects the 
Dunaway soil from erosion (runoff never occurs here), but it also causes lots of rainwater to percolate 
past the root zone. In extreme cases, pollutants might make it through the Dunaway soil and into an 
aquifer without being filtered out. KImrose, on the other hand, contains a caliche layer at a shallow 
depth, which stops water from percolating. This can be good for plants, as all of the percolating water 
remains in the root zone. However, in very heavy rain events, Kimrose can become saturated 
throughout, causing infiltration to stop and runoff to occur. Runoff can lead to erosion, and can deliver 
pollutants into surface water. 
 
The take-home message here is that one of the reasons that NM’s soils are so diverse is that they have 
an enormous range in age—from just a few years to millions of years old. 
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Climate 
Most Americans think of New Mexico as a hot desert…but many Americans also think that New 
Mexicans need passports to visit Washington D.C. Compared to the Pacific Northwest and the East 
Coast, NM is quite dry; but our higher mountain ranges receive significant moisture. While areas like Las 
Cruces and Carlsbad are quite warm, most of the state is temperate, and our highest peaks are 
downright cold—with average annual temperatures below freezing. 
 
To get an idea of the variability of New Mexico’s climate, have a look at the following maps, and notice 
the similar trends between elevation, precipitation, and temperature. We’ll discuss these relationships 
below. 
 

 
Figure 2. Elevation map of New Mexico. Units are in meters. Highest elevations (up to 4,011 m) are in the 
Sangre De Cristo Mountains in the north. Lowest elevations (as low as 866 m) are along the Pecos River in 
the southeast. Map developed by Logan Peterson. 
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Figure 3. Average annual temperature in New Mexico, based on the PRISM climate model. Units are in 
Fahrenheit degrees. Note that the lowest average temperatures are in the mountains to the north. 
Image developed by Logan Peterson. 

 



6 
 

 
Figure 4. Average annual precipitation in New Mexico, based on the PRISM climate model. Units are in 
inches. Note that annual precipitation is highest in mountain ranges. Image developed by Logan 
Peterson. 

 
The most obvious trend here is that it’s generally cooler at high elevations. This can be explained by a 
phenomenon known as the adiabatic lapse rate (ALR). In simple terms, the ALR tells us that the 
atmosphere is cooler at higher elevations. When the air is dry (as it is in NM most of the year), air 
temperature decreases by about 3.1 C (5.5 F) for every 305 m (1,000 ft) that you climb. See Figure 5 
below. Based on this equation, if a single air mass hovered above all of NM, and the temperature was 0 
C on Wheeler Peak (4,011 m), the temperature would be 32 C at Red Bluff Reservoir along the Texas 
border (866 m). That’s the difference between freezing (32 F) and downright hot (90 F)! 
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Figure 5. The relationship between elevation and air temperature, according to the dry adiabatic lapse 
rate (ALR). Graph developed by Logan Peterson. 

The second trend you may have noticed from the maps above is that annual precipitation is generally 
higher at higher elevations—where temperatures are colder. This trend can be explained by another 
phenomenon: the orographic effect. In simple terms, the orographic effect explains why it rains or 
snows in the mountains while the same air mass is dry over the valleys below. 
 
The first principle to understand is relative humidity—the ratio between the amount of water in the air 
(actual humidity) and the maximum amount of water that the air could hold (saturated humidity). If a 
meteorologist tells you that the humidity is 17%, she is referring to relative humidity, and means that 
the air is holding 17% if the moisture that it could potentially hold.  
 
At higher temperatures, air can hold a lot more water vapor than at low temperatures. For example, at 
freezing (0 C), air can hold 5 grams of water per cubic meter of air (5 g/m3); while at 38 C (100 F), air can 
hold 46 g/m3—over 9 times the concentration of water vapor!!! The take-home message is that, as an 
air mass cools its relative humidity increases, even when its absolute humidity doesn’t. See Figure 6 
below.  
 
 For more info on relative humidity, and to calculate relative humidity, visit this link.   
 

http://hyperphysics.phy-astr.gsu.edu/hbase/Kinetic/relhum.html
http://hyperphysics.phy-astr.gsu.edu/hbase/Kinetic/relhum.html
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Figure 6. The relationship between saturated humidity and relative humidity. The red line show 
saturated humidity at different temperatures. The blue line depicts an air mass with a vapor 
concentration (density) of 20 g/m3.  Adapted from: http://hyperphysics.phy-
astr.gsu.edu/hbase/Kinetic/relhum.html 

So, let’s say an air mass is travelling from east to west across southeastern New Mexico during the 
summer. This air mass has a water vapor concentration of 20 g/m3 (the blue line on Figure 6). In 
Carlsbad (elevation 1,004 m), the temperature is 38 C, and this air mass has a relative humidity of 43%  
[(20 g/m3)/ (46 g/m3)]. As this air mass is pushed over the mountains, its pressure decreases, its 
temperature decreases (remember the ALR), and its relative humidity increases. Once the air mass is 
cooled below 23 C, the air becomes saturated (relative humidity is 100%), clouds form, and rain begins 
to fall. We would see clouds form over the highest peaks in the Guadalupe Mountains (well over 2,500 
meters), and it would rain hard at the summit of the Sacramento Mountains (2,955 m). 
 
The scenario above illustrates the orographic effect: air masses are cooled as they are pushed upwards, 
cooling causes relative humidity to increase, and once relative humidity hits 100% (what we call the 
“dewpoint”), clouds form and precipitation is likely.  

http://hyperphysics.phy-astr.gsu.edu/hbase/Kinetic/relhum.html
http://hyperphysics.phy-astr.gsu.edu/hbase/Kinetic/relhum.html
http://hyperphysics.phy-astr.gsu.edu/hbase/Kinetic/relhum.html
http://hyperphysics.phy-astr.gsu.edu/hbase/Kinetic/relhum.html
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Now, let’s follow the air mass farther to the west. As it travels over the Sacramento Mountains, it is 
cooled to 16 C, it loses some of its moisture as rain, and its absolute humidity drops to 14 g/m3.  This air 
mass descends from over 2,900 m to under 1,300 m near White Sands National Monument—where its 
temperature increases back to 38 C. At this temperature, the relative humidity of this air mass would 
now be 30% [(14 g/m3)/ (46 g/m3)]. What was just described is the rainshadow effect: an air mass loses 
moisture as it passes over a mountain range, and as it descends down the leeward side of the range, it is 
warmed, so its relative humidity decreases. In parts of the world where the wind blows from the same 
direction all year, it is much wetter on the windward side of a mountain range than it is in the leeward 
side.  
 
If you’re still confused about the climate concepts above, watch this short video, and enjoy the groovy 
soundtrack. If you prefer a whiteboard lecture without music, see this video.  
 
One final thing to consider about our climate in New Mexico is that we don’t just have one source of 
moisture. From the late fall through mid-spring, prevailing winds come from the west, so the snowpack 
in our mountains comes mostly from the Pacific Ocean. Pretty much all of the valleys and plains of NM 
lie to the east of one mountain range or another, so lower elevations don’t tend to get much snow (and 
much of this snow either evaporates or sublimates before it can melt and infiltrate the soil. On the other 
hand, our summer rains come mostly from air masses moving up from the Gulf of Mexico (to the 
southeast). So, in the summer, we get the most rain in the eastern side of the state.  
 
One anomaly you might have noticed when studying the maps of temperature, elevation, and 
precipitation is the Four Corners Region in Northwestern NM. There, elevations are relatively high and 
temperatures are relatively cool, but annual precipitation is quite low. This is because the Four Corners 
Region is in the rainshadow of both moisture sources. No matter what direction an air mass is coming 
from, it must pass over high mountains before it gets to Farmington.  
 

https://www.youtube.com/watch?v=H9ZK1CnjCFo
https://www.youtube.com/watch?v=H9ZK1CnjCFo
https://www.youtube.com/watch?v=R0M6gwbniQI
https://www.youtube.com/watch?v=R0M6gwbniQI
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Figure 7. Satellite imagery of New Mexico and its surroundings. Areas that get more precipitation are 
greener. Source: Google Maps. 

Now that we understand the climate patterns in New Mexico, it’s time to relate climate to soil 
properties. Percolating water is probably the most powerful mechanism for changing a soil over time. 
For this reason, soils will change (or “develop”) much more quickly in soils that receive high precipitation 
than in soils of arid regions. Beyond this, in soils that receive a lot of precipitation during a brief period, 
water percolates farther down, so clays and carbonates are translocated deeper—sometimes out of the 
rooting zone entirely.  
 
Climate can also affect the accumulation of organic matter in a soil profile. In soils of cold regions, 
microbes are only active during the warmest periods. In wetland soils (more common in wet climates), 
microbes are often oxygen-starved, so their metabolisms are slower. For these reasons and others, 
wetland soils and soils of the coldest regions tend to be much higher in organic matter than hotter, drier 
soils. Finally, wetter soils are generally more productive than drier soils in NM, so organic matter is 
produced at greater rates in wetter climates here (more on this under Organisms below). 
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Figure 8. Two very old soils that both formed in alluvium that washed out of the Southeastern Rockies. 
The soils are similar in parent material, age, and topographic position. The soil on the left receives 
around 20 inches of annual precipitation; the one on the right receives around 13 inches. In the soil to 
the left, calcium carbonate was leached out of the rooting zone long ago. Once the carbonates were 
removed, clay particles began to be washed (illuviated) from the topsoil (A horizon) into the subsoil (B 
horizon). In the soil on the right, rainwater rarely percolated very deep, so carbonates accumulated in 
the lower horizons and eventually cemented most of the soil profile into caliche—which looks and feels 
a lot like limestone bedrock. These soils also formed under different vegetation (organisms) because of 
the difference in climate. Plant production was much higher on the soil to the left, so more organic 
matter was produced and incorporated into the soil. Photos by Logan Peterson. 

Another effect of rainwater is that it reduces soil pH. Carbon dioxide (CO2) dissolves into water in the 
atmosphere, and then reacts with the water to form carbonic acid. For this reason, rain is actually 
somewhat acidic—with a pH of around 5.5. Thus, rainwater either neutralizes basic (alkaline) chemicals 
such as carbonates, or it adds acidity to the soil. In either case, the pH of the soil decreases. This is 
important because nutrients are most available to plants in soils that are neutral to slightly acidic.  
 
For you chemistry nerds, here are a couple of reactions that I don’t expect you to memorize: 
1) The reaction of carbon dioxide with water to form carbonic acid: 
CO2(g)  + H20(l) → CO3

2-
(aq) + 2H+

(aq)     (H+ is the acidic ion or carbonic acid—H2CO3) 
 
2) The neutralization of carbonates by acidity: 
CaCO3(s) +2H+ → Ca2+

(aq) 
 + CO2(g)  + H20(l)     (CO2 gas is what “fizzes” when we drop 

hydrochloric acid or vinegar on CaCO3) 
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In really wet climates, percolating rainwater can make soils highly acidic, which causes a lot of problems 
for plants.  We find lots of acidic soils in the Eastern US and the Pacific Northwest…but not in New 
Mexico. Folks from wet areas often make the mistake of adding amendments like “lime” (CaCO3) to NM 
soils in order to alleviate acidity, but this only makes their already-alkaline soils more alkaline! 
 

 
Figure 9. Two soils that formed in limestone alluvium, and the pH values of their horizons. Both are 
roughly 10,000 years old. The soil on the left receives about 13 inches of annual precipitation; the soil on 
the right receives around 36 inches. In both profiles, carbonates (which are alkaline) have been leached 
to some degree out of the topsoil. However, on the right, carbonates have been completely neutralized 
in most of the soil profile, and the upper two horizons have even become slightly acidic. Beyond this, 
acidic rainwater has dissolved most of the limestone fragments (made of calcium carbonate) from the 
soil in the right. Conversely, on the left, rock fragments remain. Photos by Logan Peterson. 

Why does soil pH matter? Again, soils that are high in pH (>7.4)  throughout tend to “lock-up” nutrients 
like iron and phosphorus—making them unavailable to plants. A good pH range for most crops is roughly 
6.0 to 7.4, and many of NM’s soils are much more alkaline than this. Most of NM’s soils—particularly 
those in drier climates—contain subsurface layers that are high in carbonates and pH (8.0-8.4). Where 
these soils are older, they tend to have thin topsoil layers that are free of carbonates and more neutral 
in pH (~7.0). For this reason (and others), nutrient availability is much higher in our topsoils than in 
lower horizons—which is one of the many reasons we should try to prevent erosion. 
 
How about the movement (illuviation) of clays through a soil profile? As you may have learned 
elsewhere, horizons that are higher in clay generally transmit water and gasses much more slowly than 
coarse-textured horizons. In the soil to the left in Figure 8, water would travel rapidly through the 
topsoil (where clay has been removed), but would be impeded by the high-clay subsoil (where clay has 
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been deposited). This can hold water in the root zone for longer, which is generally good for plants, but 
it can also lead to runoff if the topsoil becomes saturated. You’ll also notice that there aren’t many roots 
in the lower portions of the red subsoil. This is because roots have a hard time pushing through clayey 
textures, and because gasses don’t move quickly in layers that don’t have many large pores (so roots 
can’t breathe). 
 
 
Organisms/Organic Activity 
The next soil-forming factor to consider is organisms—namely plant communities. As you probably 
know, New Mexico is home to a number of different life zones, which are characterized by their plant 
communities. In the Chihuahuan Desert (Las Cruces, T or C) and on the Colorado Plateau (Farmington), 
we find scattered shrubs and grasses on most soils. Along perennial streams and rivers, we find 
cottonwood forests (bosques). On the High Plains (Las Vegas NM, Raton), we find grassland 
communities. On high plateaus and low mountain ranges, we find piñon/juniper woodlands. And in the 
high mountains, we find forests of various conifer species—ranging from ponderosa pine to Englemann 
spruce and subalpine fir as we climb.  
 
The most obvious effect of plants on soils is that dead roots and leaves are decomposed by soil 
organisms into decomposed organic matter (humus)—which makes topsoils dark and nutrient-rich. As 
you would expect, soils with very low plant production tend be low in organic matter (OM). Surprisingly, 
soils under highly productive forests are also usually low in OM. It is our grassland soils that are usually 
highest in OM—even though total plant production is modest most of our grasslands.  
The surprising trend has to do with how and where organic matter decomposes. When dead leaves and 
wood decompose on the surface of the soil, only a fraction of this material is incorporated into the soil 
by burrowing critters. Most of it breaks down at the surface—forming a thin organic layer (an O 
horizon). O horizons are very easily destroyed by fire, so their lifespans are short.  
 
On the other hand, when roots die, all of their biomass is incorporated into the soil—mostly at depths 
too great to be affected by fire. Tree roots live for a very long time, so a tree doesn’t contribute much 
dead root material per year. On the other hand, much of a grass’s roots die annually during the winter 
and/or the dry season. Roots also die back in response to grazing—even when the plant survives. Every 
year, a grassland incorporates tremendous amounts of organic matter into topsoils, and it shows—
productive grassland soils tend to have thick, dark A horizons that are high in organic matter and 
nutrients. America’s richest agricultural soils come from grasslands such as the Great Plains.  
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Figure 10. On the left is a grassland soil near Springer, NM. Notice how thick the A horizon is. If this soil 
wasn’t bone-dry, this humus-rich layer would look much darker. If a lot of irrigation water were available 
here, this would be a very productive agricultural soil. On the right is a soil from a mixed conifer forest in 
the mountains above Santa Fe, which was moist throughout when photographed. Almost all of the 
organic matter in this profile is concentrated a thin O horizon—which could burn off in the next fire. 
Photos by Logan Peterson. 

There are a few other effects of organisms on soils we should consider. First, aerobic respiration 
releases CO2, and C02 reacts with water to form carbonic acid (H2CO3). For this reason, when roots and 
soil organisms respire in aerobic conditions, they acidify the soils. All other factors being equal, highly 
productive soils will become lower in pH than soils with low productivity.  
 
Second, burrowing creatures can alter the soil in many ways. The most familiar example is that soil 
organisms such as earthworms create large, tubular pores that allow water and air to move quickly 
through the soil profile. The other effect of burrowing is that it tends to mix materials from different 
horizons. If you examine a burrow from a prairie dog or a badger, you may notice that the material in 
the piles around the hole looks different than the soil at the surface—because the animal burrowed 
down into the subsoil. 
 
Why does organic activity matter? First, as I hope you’ve learned above and in other guides, soil organic 
matter has a profound effect on water-holding capacity, structure, infiltration rates, nutrient-availability, 
the health and diversity of soil organisms, etc. Additionally, soil organic matter is rich in carbon, and 
when it decomposes, it releases CO2—a greenhouse gas. Since soils contain twice as much carbon as our 
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atmosphere, soil organic matter has a huge effect on the global climate. Lastly, as we’ve discussed, soil 
pH effects nutrient availability.  
 

 
Figure 11. A soil scientist examines an animal burrow deep in a soil profile. There are several burrows 
visible in this image. Notice that the deeper burrows in the foreground contain dark topsoil rather than 
the red material from the subsoil. Over thousands of years, this mixing can have a profound effect on a 
soil profile. Photo by Karen Vaughan (UWY). 
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Relief/Topographic Position 
This factor involves a soil’s position on a landscape, which affects the soil in two ways. First, landscape 
position affects hydrology. Since water is much more likely to run off of steeper slopes, and has more 
time to infiltrate soils on gentle slopes, soils on flatter positions below steep slopes receive more 
moisture that soils on steeper slopes above. An extreme example is an arroyo or stream channel—which 
receives all of the runoff from the landforms above. Another example is a closed basin or a “playa”—
which has no outlet, so water can only travel down into the soil or evaporate. 
 

 
Figure 12. A riparian area along the Rio Sapello north of Las Vegas, NM. Most of the surrounding landscape is a 
semi-arid grassland with soils that are dry for most of the year, but this narrow riparian area is highly productive, 
and contains soils that are saturated for much of the year (hydric soils). Photo by Logan Peterson. 

 



17 
 

 
Figure 13. A playa on Las Vegas National Wildlife Refuge, NM. Runoff from the surrounding landscape 
flows into the playa—giving it standing water after major rain events. The plants in the middle of the 
playa died during the last ponding event, but plant production is very high in the ring around this dead 
zone. Playas are critical habitat for a number of animal species, including many amphibians and 
migratory birds. Photo by Aaron Miller, NRCS. 

 
Naturally, we find wetland soils (“hydric soils”) in areas that collect water, such as riparian areas along 
streams and in playas. Hydric soils have very unique and interesting properties because they are often 
anaerobic. Many of these soils have thick, black topsoils because organic matter decomposes very 
slowly in the absence of O2. Hydric soils also often have gray layers near the surface—because iron oxide 
(rust) is absent where O2 isn’t available. 
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Figure 14. A shovel slice from a hydric (wetland) soil in a New Mexico playa. Note the accumulation of 
organic matter at the surface, and the gray colors directly below—indicating that this soil is anaerobic 
for long periods. The little red dots in this gray zone are concentrations of iron oxide along root 
channels—where transpiration allowed air to enter the soil. Photo by Aaron Miller, NRCS. 

The second major effect of topographic position on soils is that the direction a slope faces (the “aspect”) 
controls how much sunlight the slope receives. Here in the Northern Hemisphere, the sun appears to 
move along the southern horizon for much of the year—particularly in the winter. Since much more 
solar radiation comes from the south than the north, the soils on south-facing slopes are warmer than 
those on north-facing slopes. This difference affects soil moisture, too. Water evaporates out of warm 
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soil faster than from cool soil. In New Mexico’s many arid landscapes, cooler north-facing slopes are 
much more productive that south-facing slopes, because the soils on the north faces stay moist longer 
after precipitation events. As you learned under Climate above, percolation of water has a huge effect of 
soil development, so soils on north slopes are typically more developed than soils on south slopes. 
 

 
Figure 15. A typical landscape in Carlsbad Caverns National Park in the late fall. The north-facing slope 
appears darker because it is shaded, and also because the vegetation is much thicker there. Photo by 
Logan Peterson. 

Compared to many US states, New Mexico’s topography is very diverse. In our many mountains and on 
the escarpments (steep slopes) of our plateaus and mesas, differences in aspect produce great 
differences in soil temperature over short distances. At the bases of our countless steep slopes, we 
often find lush vegetation—enjoying the runoff from above. The plains on the eastern end of the state 
are dotted with water-collecting playas—tiny oases in a landscape that is often dry.  The driest portions 
of our state are cut by small drainageways and arroyos—where water occasionally flows. Even on 
landscapes that look perfectly flat to our western eyes, we find subtle variations in Earth’s surface—
convex areas that shed water and concave areas that collect water. This variability in topography 
accounts for much of the diversity of New Mexico’s soils.  
 
Why does topography matter? In the most obvious sense, topography controls the movement of water, 
and water is the main resource that people (and plants) fight over here in New Mexico.  
  
Parent Material 
I’ve saved this one for last because I’ve touched on it in other guides, and I didn’t want to bore you to 
death early in the document. Parent material is the stuff that soils form out of—the material that gives 
birth to soil. Parent material can either be organic (coming from once-living tissues) or mineral (coming 
from rocks). Since we’ve already covered organic parent materials under Organisms above, we’ll focus 
here on mineral parent materials.   
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In the language of soil science, we use two specialized terms to classify mineral parent material: “origin” 
and “kind”. Since we use these terms differently in other topics, it is important that you understand 
what they mean to soil scientists. 
 
Parent Material Origin refers to the type of rocks a soil forms out of. In a general sense, rocks can be 
divided into three categories: igneous, sedimentary, and metamorphic.  
 
Igneous rocks form when magma (hot, liquid rock) cools and becomes solid. Examples are the dark 
basalt in the Taos Gorge, the tuff used for cliff dwellings at Bandelier National Monument, and the 
granite of the Organ Mountains.  
 

 
Figure 16. Bodies of igneous bedrock near the surface in NM. You don’t need to memorize these terms. 
Just understand that there’s a lot of volcanic rock of several types in our state. Developed by Logan 
Peterson based on the NM Geology Map (USGS). 
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Sedimentary rocks form when a pile of loose particles (from clays to boulders) becomes cemented into 
rock. This usually happens when sediments are buried for millions of years. Examples of sedimentary 
rocks are the beautiful sandstones of the Four Corners Region, the gray shales around Las Vegas, and 
the limestones that cap the Sacramento and the Sandia mountains.  
 

 
Figure 17. Bodies of sedimentary bedrock near the surface in NM. Again, memorizing terms is much less 
important here than understanding the diversity of sedimentary rocks here. “Clastic” simply means that 
a rock is composed of many particles (clasts) that are cemented or bonded to each other. Developed by 
Logan Peterson based on the NM Geology Map (USGS). 

Metamorphic rocks form when igneous or sedimentary rocks change under great heat and pressure. 
They usually form very deep beneath Earth’s surface and we tend to find them in mountains that have 
been pushed upwards for miles. Examples of metamorphic rocks are the gneiss and schist in the Sangre 
De Cristo Mountains, and the quartzite cliffs between Peñasco and Sipapu.  
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Figure 18. Bodies of metamorphic bedrock near the surface in NM. Note that most of these rocks are 
found in high mountain ranges—where they have been pushed upwards from great depths below the 
surface. Developed by Logan Peterson based on the NM Geology Map (USGS). 

Here’s a link to a video on these three basic rock types. You’ll likely recognize some of the landscapes, as 
much of the footage was taken in or near New Mexico! 
 
Parent material origin influences many soil properties—most notably texture, color, and soil chemistry. 
Rocks with large crystals, such as granite and gneiss, tend to form coarse-textured soils. Rocks composed 
of small particles, such as shale, tend to form fine-textured soils. Limestone (calcium carbonate) and 
basalt tend to form soils that are high in pH, while granite tends to form soils that are neutral to acidic 
(low in pH). Rocks that are rich in iron (such as basalt) often form soils that are quite red. Soils that form 
in gray shale are often gray in color (and, of course, high in clay). 
 
Parent Material Kind refers to how the parent material ended up where it is today. Many parent 
materials were transported by gravity (colluvium), water (alluvium), or wind (eolian deposits). Some 
parent material (residuum) consists of decomposing bedrock which has not been transported.  
For more info on parent material kinds, see the guide: “Parent Material and Landforms.” 
  
Parent material kind also affects soil properties. Colluvium often contains many coarse, angular rock 
fragments. Alluvium is often stratified in texture, and often contains rounded rocks. Eolian deposits are 

https://www.youtube.com/watch?v=EGK1KkLjdQY
https://www.youtube.com/watch?v=EGK1KkLjdQY
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often mostly silts and very fine sands—particle sizes that are very easy to erode. Soils that form in 
residuum are often shallow to hard bedrock—which impedes root growth, and stops water from 
percolating.  
 

 
Figure 19. Alluvial deposits in NM. Piedmonts are broad plains extending below mountains. Lacustrine 
deposits were formed in lakebeds. What’s striking here is that so much of NM’s parent materials were 
moved by water, but we don’t get much precipitation here. This can be explained in two ways. First, in 
arid climates, vegetation is sparse, so soils aren’t as well-protected from erosion as they would be under 
lush vegetation. Second, NM gets a lot of thunderstorms during monsoon season—causing runoff to 
occur on soils with fine textures and/or poor structure. Developed by Logan Peterson based on the NM 
Geology Map (USGS). 



24 
 

 

 

Figure 20. Figure 21. Thick eolian deposits in NM. In reality, much of NM’s soils contain eolian materials 
(eroded from somewhere upwind), but these deposits are too thin to appear on a geology map. Note 
that most of these thick deposits occur to the east of major rivers (the Rio Grande and the Pecos). This is 
because sandbars and floodplains are often not vegetated after floods, so their soils aren’t protected 
from wind erosion. Developed by Logan Peterson based on the NM Geology Map (USGS). 

 
Summary 

 
New Mexico is an incredibly diverse landscape in terms of its climate, organisms, topography, parent 
material, and the ages of its soils. Because each of these soil forming factors is so variable, New Mexico’s 
soils are extremely diverse. This diversity makes managing soils in NM very complicated, and it makes 
mapping soils in NM very exciting! 
 
 


