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Figure 01. The Organ Pipe Cactus National Mon ument-Pinaca te Biosphere Reserve region. 
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early Cretaceous time, approximately 150-140 million years ago . 
The interval from late C retaceous through early Tertiary ti me (80 to 40 

million yea rs ago) was marked by volcanism, inrrusion of granitic rocks, and 
deformation of other old er rocks. Rocks of this age include andesite, granodior
ite and granite near Ajo (where they are assoc iated with copper deposits), in the 
Quitobaquito Hills and Sonoyta Mounrains and in the ranges near the town of 
Sonoyta . Movement on low angle faults occurred in seve ral areas, notably the 
Puerto Blanco Mountains and Quitobaqu ito Hills. 

The presenr la ndscape began to take shape 30 to 24 mil lion years ago (middle 
Tertia ry tim e) as the Earth's crust in the western part of North America was be ing 

stretched in an east-west directio n. This stretch ing fractu red the upper crust and 
its sedimentary and volcanic rocks into large, tilted blocks . Volca nism and the 

intrusion of granitic plu to ns resumed during the period 26 to 14 million years 
ago (middle to late Tertiary time), producing the andesite and rhyolite rocks of 

the Ajo volcan ic field. During the per iod 15 to 10 million years ago, extens ive 
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Figure 02. 
1· 11 , Organ Pipe Cactus National 

Monu me nt. 

fault ing alo ng steeply inclined surfaces uplifted the mo untain ranges and lowered 

the structural va lleys that form the modern Basi n and Range topography of this 

region (Figure 05). From a few million yea rs ago to several thousand yea rs ago, 
eruptions of lava produced the cinder cones and basalt flows of the Pinacate 

volca nic field . Today, surface processes such as erosion by running water 

cont inu e to sha pe the landscape . 
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GEOLOGIC AGE NUMERIC 
AGE 

(millions 
of years) 

PRINCIPAL ROCK UNITS OF THE 
ORGAN PIPE-PINACATE REGION 

PERIOD EPOCH 

Quaternary Holocene & 
Pleistocene 

Pliocene 

Miocene 

Tertiary Oligocene 

Eocene 

Paleocene 

Late 
Cretaceous 

Early 

Late 

Jurassic Middle 

Early 

Triassic 

Permian 

Pennsylvanian 

Mississippian 

Devonian 

Silurian 

Ordovician 

Cambrian 

Late 

Middie 

Early 

o 
2 

5 

24 

34 

55 

65 

144 

206 

250 

320 

420 

490 

540 

900 

1600 

2500 

Re····.· 

Alkali basalt flows, tuffs, cinder 
cones, and maars; Pinacate 
volcanic field 

Latite, andesite, and rhyolite 
flows and flow breccias, and 
subvolcanic intrusions; Ajo 
vo lcanic field 

Andesite, granodiorite, granite, 
local copper depos its; 
widespread, Aio area,Quitobaquito 
Hills, Sonoyta Mountains, 
Pinacate-Cabeza Prieta region 

Metaconglomerate; near 
Growler Pass 

Volcanic, volcaniclastic, 
and granitic rocks, vari ably 
metamorphosed; widespread, 
Puerto Blanco Mountains and 
Quitobaquito Hills, many 
ranges in northern Sonora 

I.• '1 Monzonitic granitoids and 
L. _____ -----'. derivative gneisses; near Sonoyta 

} 
Probably once present in Organ 
Pipe-Pinacate region; eroded 
before Jurassic time 

lit Marble , derived from Martin 
(Devonian) and Escabrosa 
(Mississippian) Formations; 

=~ ~ north of Growler Pass 

} 
Not deposited in Organ 
Pipe-Pinacate region 

~ 
Quartzite and schist, derived 
from Bolsa and Abrigo Formations; 
north of Growler Pass 

Granite; Chico Shunie 
Hills (southwest of Aio) , 
Pinacate region 

Gneisses and granitoids; Aio 
area, Quitibaquito Hill s, Pinacate 
region, Sonoyta area 

FIgure 04. Geologic time chart for the Organ Pi pe Cactus National Monument-Pl1Iacare Biosphere region. 
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GETTING THERE 
Drive to the pullout at mile 1.75 on Ajo Mountain Drive; wa lk to the rock 

clifflocatcd ap prox imately 100 yards (JOO meters) north ofthe rood . 



FEATURE 

ROCK VARNISH 

~ he brown and black blotches (Figure 
surfaces are rock varnish. This mineral patina give:;:s~~m~:"""'~ 

landscape its can to dark brown cast. Rock varnish deve lops best on 
weathering. and eros ion·res istant rocks that have moderately rough surfaces. 
Sandstone, basalt, and many metamorphic rocks are common ly well varnished, 

whereas siltstones and shales dis in tegrate too rapidly to retain such a coating. 

Desert pavement (see Feature 6), that pebble. and cobble·covered ground surface 

so abundant in arid lands, common ly glistens because it is coated with this 

natural varn ish. 
Rock varnish is a thi.n coating (typically less than a hundredth of an inch) of 

clay minerals, such as ill ite, montmorillonite, and kaolini te, stained by heavy 

concentrations of iron and manganese oxid es . The clay part icles settle as dust 

from the atmosphere. Manganese, also de rived from windborne dust and rain, 

produces a black to dark brown coloration on su rfaces exposed to air. Micro· 

co lonies of li chens and bacteria gain energy by oxid izing the manganese. They 
anchor themselves to rock surfaces with the clay particles, whi ch provide 

protection against extremes in temperature and humidity. In the process, the 

manganese becomes firm ly attac hed to and darkens the clay. Each time the rock 
surface is wetted by rain, more manganese and clay are brought in to sustain the 

slowly growing colony. Micro·colonies thrive where the rock ac idity is neutral 
and the surface is so nutrient poor that competing colonies of lichens and 

mosses cannot survive. 

Although older surfaces have darker colorations, desert va rnish cannot be 

used as an accurate age·dating tool. The rate at which rock varnish forms is not 

constant and is affected by many variables, such as climate, wind abrasion, 

microclimate, biological competit ion, and abundance of manganese. Some 
researchers believe that the clay and manganese co ntent of rock varnish reflects 

past climatic condit ions. Because some varnished surfaces may be as much as 1 

million years old, they could reveal valuable information about climatic change 

over a long period of time. 

Well·varnished surfaces have a luster that causes ent ire hillsides to glisten in 

the intense desert sunlight. This mineral coating gives the landscape its warm 
tones of brown and ebony, often masking brilliantly co lored bedrock below. 

Although all of the Earth's deserts have varnished rocks, va rnish in the South· 
west provokes even greater interest because of its archaeological importance . In 

innumerable locations prehistor ic Indians pecked petroglyphs (rock writings) 

through the mineral skin to fres h rock below. Today these symbols are being 

revarnished as the process continues. 
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GETTING THERE 
Drive to the small parking lot at mile 7.01 on Ajo Mountain Drive; walk 

300 yards (274 meters) to the to the top of the low peak o n the left 

(north) side of the road for a full view of this featu re. 



FEATURE 

BEHEADED STREAM 

613 treams are constantly enla rging their drai 
environment. Over the course of repeated flash eroding 

water courses ca n extend their headwaters across drainage divides and 

intercept the flow of less active streams. T his process, called stream piracy, has 
occurred here at Canyon Diablo. 

At one time stream A (Figure 2-1) d ra ined to the northwest through the 

broad, gently sloping valley of the South Fork of Alamo Wash. Erosion was 

progressing more rapidly, however, along strea m B. This strea m was cutting 

along an easily eroded zone of rock shattered by a fau lt, and its steeper course 

moved flood waters at greater speeds than those of stream A. Expanding by 

headward eros ion, strea m B cut Canyon Diablo along this fault zone and 
eventually captured and diverted the flow of stream A to the southwest. From 

this vantage point, it is clear that this part of the valley of the South Fork of 

Alamo Wash (Figure 2-2, A) is abruptly truncated or beheaded-cut off from its 

former headwaters-by the deeper and younger Canyon Diablo (B) . Stream 

terraces (see Feature 8), high remnants of former va lley floors, can be observed 

along the walls of both valleys. Note that the surfaces of these rerraces slope in 
the direction of flow of rhe stream that cut them. Stream piracy is common in 

mounrains where hard and soft rock layers are exposed to erosion. In such 
terrain abandoned va lleys and dry gorges, ca lled wind gaps, are familiar evidence 
of shifting divides and diverted watercourses. 

Figure n. The beheaded stream In the valley of the South Fork of Alamo Wash. 

19 
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Organ Pipe Cactus National Monument. 

Figure 3-2. The western face of the northern Aio Range. 

GETTING THERE 
Drive to the turnout at mile 10.6 on Ajo Mountain Drive. This featu re 

is in thewest face of the northern Ajo Range. 



FEATURE 

RHYOLITE, A VOLCANIC 
ROCK 

W rgan Pipe Cactus National Monument includes part of an ancient volcanic 
field more than 1,900 square miles (4,921 square kilometers) in 

extent (Figure 3-1). Some of the most important and distinctive rocks of this 
great volcanic field are magnificently displayed here and at Fea ture 5, along the 

steep western front of the northern Ajo Range. 

Geologists recognize two broad classes of igneous rocks-volcanic and 

plutonic. Volcanic rocks form by the rapid cooling of molten rock (magma) that 

has poured onto the surface as lava. Owing to rapid coo ling, the crystals that 
make up these rocks are generally small. Plutonic rocks, on the other hand, 
crystallize from magma d eeper within the earth and cool slowly. This allows the 

constituent crystals to grow to larger sizes than those of volcanic rocks. 

The mountain in front of you (Figure 3-2) is composed chiefly of a volcanic 

rock called rhyolite. This rock formed from short, thick, bulbous lava flows. 

The ease with which such molten rock can flow is called viscosity. The viscosity 
of lava is determin ed by its chemical composition. All igneo us rocks are 
composed of the same 11 essential chemical elements, but in widely varying 

proportions. Lavas that are low in silicon, such as the basaltic volcanic rocks of 

Hawaii, have low viscosity-that is, they are highly fluid (see Figure 13-1). The 

rhyolites of the northern Ajo Range, however, 3re relatively silicon-rich, 

substantially more viscous, and traveled only a few miles (kilometers) from their 
eruptive vents. 

The massive, darker rocks in this mountain face are rhyolite flows. These flows 
were produced by relatively quiet, non-explosive eruptions. Many flows are 

separated by th in, light-colored layers of tuff-a rock composed of rhyolitic 

volcanic ash and small rock fragments ejected during shorter, explosive eruptions. 

The Ajo Range is a great stack of volcanic flows and tuffs th at were erupted in 
a brief but intense burst of volcanic activity 18 to 16 million years ago. Geologic 

mapping shows that this sequence is more than 2000 feet (610 meters) thick. Most 
individual flow and tuff layers cannot be followed laterally for more than a few 

hundred yards (meters). Some layers thin and disappear; others are bent, 

contorted, or abruptly truncated. Much of this complexity was caused by the 
high viscosity of the rhyolite flows. 

Deformation along the bottoms, tops, and sides of the partially crystallized, 

sluggish lava flows produced breccia-a rock composed of large, broken, angular 
fragments. Pervasive sheer within the sticky lava produced thin convoluted 

iayeri ng called flow banding. 
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Figure 4-1. Talus cone (TC) along the western face of the northern AJo Range. 

GETTING THERE 
This is the same location as Feature 3_ The talus cones are located on 

the lower slopes of this western face of theAjo Mountains_ 



FEATURE 

TALUS CONES 

cffw alus cones, those steep, triangular pi les n:rI:iWe 
Figure 4.1, are commo n landfo rms in high mou ts. 

Wedging by ice and plant roots, decomposition and o ther types of 
weathering processes loosen rock fragments in the cliff. When d islodged, these 
chunks fall to the slope below the cliff and break into angular pieces that slide 
and tumble down the co ne built by previous rock fa lls. Freshly fallen rock lacks 
the minera l coating called rock varnish (Feature 1) and contrasts sharply with the 

dark color of older debris. 
Talus cones are the products of weathering followed by rock movement due 

to gravity. Both processes are important in reducing highlands and prepa ring the 
decomposed rock for remova l by erosion. 

These accumulations of fallen rock collect slowly and at variable rates. 
During extended periods of climatic cooling, when there is an increased number 
of dai ly freeze-thaw cycles, the rate of rock fall and accumulation is greate r. Talus 

cones at Organ Pipe Cactus National Monument may be relict features produced 
during coo ler and wetter periods of the Ice Ages (1,500,000 to 10,000 years 

ago). Many slopes in other parts of the monument were once covered with a 
nearly continuous apron of talus that is now being removed by eros ion . Such 
talus deposits here show little evidence of recent rock falls and com mon ly 
co ntain boulders encrusted with lichens. 

Talus slopes can be very unstable. Slope angles normally have reached their 
upper limit (angle of repose). Rockslides can be triggered when one attempts to 
climb the cones. Caution' 

23 
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Figure 5·]. TYPical outcrop of Childs Latit< wirh characrerrsric large crysrals of 
plagioclase. 

GETTING THERE 
Follow Ajo Mountain Drive to the Estes Ca nyon-Bull Pasture parking 

area and trailhead. From the trailhead walk about 40 yards (mete rs) 

east along the trail to the arroyo; turn right and walk about 60 yarus 

(mete rs) south along the arroyo to the dark, reddish-brown, boulde ry 

ou tcrop on the left (east) side of this drainage. 



FEATURE 

CHILDS LATITE, A SPECIAL 
VOLCANIC ROCK 

'$ ruption of the rhyolite lavas in the northern Ajo Range (Feature 3) was 
preceded by a slightly earlier volcanic episode that produced the distinctive 

rock you see here. This volcanic uni t is called the Childs Latite. Latite is a type 

of volcanic rock; the name "Childs" comes from Childs Mountain near Ajo, 

where this rock unit was first described by geologists. Lava flows of Childs Latite, 
and related shallow intrusions, are exposed in more than a dozen mountain 

ranges in southwestern Arizona and northwestern Sonora. 

The texture of volcanic rocks reveals a great deal about how they cooled. 
Throughout its wide distribution , the Childs Latite is characterized by large 
0.5-1.5 inch (1-4 centimeters) crystals (Figure 5-1), called phenocrysts, enclosed 

in a matrix of much smaller crystals. The phenocrysts are plagioclase, one of the 
most common rock.form ing minerals. These phenocrysts cooled and crystallized 

slowly in a subsurface magma chamber. Before crystallization was complete, this 

mixture of crystals and magma was erupted onto the Earth's surface as lava. Here 

the remaining liquid cooled rapidly to form the matrix of smaller crystals that 

surround the phenocrysts. 

Pick up a piece of Childs Latite and closely examine the plagioclase crystals 
on a weathered surface. Try rotating the specimen into various ori enta tions with 

respect to the sun light. You will see that many of the phenocrysts contain subtle 

concentric bands or layers. These concentric zones are analogous to growth rings 

in trees. As tree rings record variations in growing conditions, so zoning in the 
phenocrysts reflects changing chemical conditions within the magma chamber. 
Such changes result from sudden cooling, loss of a batch of magma through 
eruption, sudden escape of gases dissolved in the magma, contamination of the 

magma by assimilat ion of foreign rock or mixing with another magma, or 

replenishment of the chamber by a fresh supply of magma. 
The C hilds Latite is an example of an alkaline igneous rock. Relatively 

uncommon, they are character ized by unusually high contents of alkali and 
alkali·earth elements: sod ium, potassium, rubidium, strontium, and barium. 

Geologic mapping of the Ch ilds Latite reveals an interesting problem - the 

volcanic flows evidently were notably more fluid than might be expected for a 
phenocryst.rich magma of this composition. Perhaps its viscosity was lowered by 

an unusually high content of water or other volatile constituents . 
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Figure 6· 1. Desert pavement 

GETTING THERE 
Drive to the turnout at mile 13.27 on Ajo Mountain Drive. 
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FEATURE 

DESERT PAVEMENT 

cf:/; his flat, cobble- and pebble-covered . 6-1) is cal 

desert pavement. It protects th e finer mater ia l un erosion 
by wind and water, especially when the surface cobbles and pebbles are 

cemented with minera l salts such as calcium carbonate. 
Stone pavements such as this are produced by the wett ing and drying of the 

desert surface. When ce rtain clay minerals (smectites) in desert so lis absorb rain 

wate r they expand to many times their dry volume. This swell ing gradually 

moves the pebbles and cobbles within the soil to the surface. Over time, heaving 

fro m these repeated cycles of expansion and contraction produces a tightly fitted 
mosaic of stones on the desert surface. Removal of fin e rock particles by strong 
winds may also play a role in co ncentrating the cobbles and pebbles in some 

pavements. Note that drying and con traction has produced cracks in the soi l, 

but these quickly fi ll with sand and silt moved by wind and runn ing wate r. 

Desert pavement, common to deserts everywhere, covers many thousands of 

squa re miles of the Earth's surface. 

27 



Figure 7-1. A bajada along the southwestern margin of the Ajo Range. 
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GETTING THERE 
Drive to the turnout at mi le 16.95 on Ajo Mou ntain Drive and climb 

any of the nearby hi lls for the best view of these fea tures . 



FEATURE 

BAJADA AND PEDIMENT 

cff.: he broad plain (Figure 7-1) that sweeps southward from the base of 
the Ajo Range to the center of the Sonoyta Valley is a bajada. This 

gracefu l, sloping surface appears to be uniform in material, but consists of 
rwo very different sections : pediment and bajada. Both are hallmark landforms of 
western America's Basin and Range country. 

The pediment is a planed-off bedrock platform (see Figure 7.2), an erosional 

feature carved by running water along the foot of the mountain front. Although 
the pediment at this point is covered by a thin veneer of sand and gravel, it is 

exposed in the walls of shallow drainages nea r the road. As wet-weather streams 
emerge from their confining canyon walls along the front of the Ajo Range, they 
assume a "side-winding" pattern, swinging laterally across the surface of the 
adjacent basin. In time, these streams level off the bedrock by cutting away any 
projecting rock hills, giving the pediment a smooth, graded slope. Sheerwash 
from thunderstorms keeps the pediment surface covered with a thin veneer of 

gravel. 
Downslope, the pediment merges almost impercept ibly with the bajada. The 

latter is a thick sheet of gravel, sand, and silt that has been flushed from the 

canyons of the Ajo Range during flash floods. This rock debris first accumulates 
in fan-shaped deposits, ca lled alluvial fans, at the mouths of these canyons. But 
as erosio n wears back the mou ntain front the fans enlarge and eventually overlap, 
forming the bajada - that continuous apron of alluvial material that here fills the 
Sonoyta Valley. 

Figure 7-2. A cross-sectional 
sketch of the bajada and 
pediment along the 
sourhwesrern margins of the 
Ajo Range . 
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Figure 8·1. Alluvial terraces (AT) along the southeastern margins of the Cipriano Hills. 
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GETTING THERE 
Follow Puerto Blanco Dri ve rothe Bonita Well Picn ic Area. The 

terraces are cut into all uvia l fill along the sou theastern flank of the 

C ipriano H ills. 



FEATURE 

ALLUVIAL TERRACES 

Q:/' he flat, step-like land surfaces between t r;e~Q!~Xa Well PiCnic f a 
and the C ipriano Hills are alluvial terraces (Figures:'l). AS nigh 

remnants of earlier va lley floors, their presence here is evidence of dramatic 
changes in the flow of Aguajita Wash through this va lley over the past several 

thousand years. 
Cobbles, sand, and gravel washed down from the C ipriano H ills and the 

Bates and Puerto Blanco Mountains once filled th is val ley to the level of the 

highest terrace (AT in Figure 8-1) .Then climatic change and (or) changes 

downstream in the flow of the Ri o Sonoita steepened the course of Aguajita 
Wash, causing its faster moving waters to cut down through and sweep away 

much of the o lder alluvial fi ll. 

The process of downcutting ha lted at least five times, allowing the stream to 

erode laterally and produce floodp lains. The stair-like flight of cobble-capped 

terraces in front of you is all that rema ins of these old va lley floors. These surfaces 

are particularly resistant to eros ion because they are capped with a cobble and 
boulder mosaic that is tightly cemented by the white calcium carbo nate laye r 

shown at point B on Figure 8-2. Uplift of the land, changes in rainfall, and 

stream piracy (see Feature 2), working separately or together, can cause eros ion 
and assoc iated terracing in any climate . [n the desert, where their surfaces are 

relat ive ly unvegetated and clearly seen , terraces are impressive testimony to the 
eros ional power of running water. 

Figure 8·2. Alluvial terrace surface of caliche·cemented basalt boulders and cobbles. 
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Southwes Quitobaquito Hills Northeast 
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Verlical scale greatly exaggerated 

Basin-fill deposits along 
Aguajita Wash 
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EXPLANATION 

Alluvium (Quaternary 
and late Tertiary) 

Fractured granitic rocks 
(late Cretaceous) 

/" High-ang le fault 

... Direction of ground
waterflow 

Figure 9-1. Schematic geologic cros.~-secri on through the southern Quitobaquiw Hills and the QuitobaquilO Springs) 
illustranng control of groundwater flow a by fault zone (after Carruth, 1996). 
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Figure 9-2. The groundwater flow patterns 
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GETTING THERE 
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Follow Puerto Blanco Drive to the Quitobaqui to Springs Road, turn 

right and drive to the parking lot. 

112' 50' 



FEATURE 

FAULT-CONTROLLED 
SPRINGS 

P2 uitobaquito is an ano maly- a permanent, spring-fed pond amidst the 
aridity of the lower Sonora n Desert. Flow from Qu itobaquito Springs varies 
seaso nally and annually, but in recent years has averaged about 30 gallons 

(about 100 liters) per minute. The spring water is warm- 77°F (25° C) . The pond 

provides a ho me for a diverse assemblage of plants and birds and for the 
endangered desert pupfish. Three geological circumstances have ca used localiza
tion of the Quitobaquito Springs : an impervious faul t zo ne along the southwest
ern flank of the Quitobaquito Hills, highly fractured bedrock in the 
Quitobaquito Hills, and a large source of stored ground wate r be neath the La 
Abra Plain. 

A large fault zone extends alo ng the southweste rn fl ank of the Q uitobaqui to 
Hills, the gran itic hills just northeast of the pond. Rocks within the fault zone 

have been crushed into a fin e-grained rock powder. This redu ct ion in grain size 
speeded up chemical reaction with circulating ground wate r and caused the rock 

powder to be alte red to clay minerals. The resulting fin e-grained, clay-rich rock 
(called fault gouge) forms an im pervious barrier that forces groundwater to rise 
to the surface as springs (Figure 9-1). 

The ground water originates as rain falling o n or adjace nt to the La Abra 
Plain, a large desert bas in bounded by the Sonoyta and Puerto Blanco Moun
tains and the C ipriano Hills and Q uitobaquito Hills (Figure 9-2). This water 

percolates underground and flows southwes tward th rough the gravel beneath 
the La Abra Plain. Upon encountering bedrock along the east side of the 
southern Quitobaquito Hills, most of the grou ndwater continues southward 
through the gravel beneath Aguajita W ash. A small portio n of the water, 
however, passes southwestward through fractures in the granitic rocks of the 
Quitobaquito Hills and rises to the surface along the fa ult zo ne to feed the 
springs on the western side of the H ills. This flow pattern is driven by gravity 
because the l.a Abra Plain is 30 to 170 feet (9 to 52 meters) higher in elevation 
than Quitobaquito . 

The powdery, light-colored fault gouge that controls the springs ca n be 
examined in numerous places along the edge of the Quitobaquito Hills, a few 
hund red ya rds (meters) north and northeast of the pond. The main spring is 
pro tected by a locked box, but a smaller spring in its natural condition can be 
examined about 50 ya rds (meters) due north of the eas t end of the parking lor. 
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EXPLANA TION 

IQI Gravel and al luvium 
~ (Quaternary) 

IJ9I Granite and metamorphosed 
~ granite (Jurassic) 

~ Metarhyolite and metasedimentary 
~ rocks (Jurassic) 

Thrust fault-marked by mylonitic 
rocks , chiefly at base of upper plate 

* --:::: Mylonite localities 

....-- Contact 

o 1,000 feet 
f-I - - ,----"----,-- -1,' 

Contour interval 40 feet 

Figure 10·1. Geologic sketch 

map of the Feature 10 area, 
showing ropographic contours 

and exposures of the fault zone 
cmd mylonite 

Figure 10·2. Weathered surface 

af the mylonite. The larger, 
ovoid, partlaliy flattened, and 

stretched crystals in this fine

grained matrix were shaped by 
intense ductile fiow. 
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GETTING THERE 
Return to Puerto Blanco Drive and follow iteastfor 3.0miles {4.8 

kilometers). Parka long the road and walk to the top ofa low hill on the south 

{right) side of the road, [fyou are rtavelingwest bound along the two-way 

portion of the Puerto Blanco Drive that parallels the international border, 

this fearure is located 5.5 miles{8 .8kilometers)westofthe junction with the 

Senita Basin road . The international border lies on the south side of this hill. 
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FEATURE 

PLASTIC FLOW OF ROCKS: 
MYLONITE 

c#:: n everyday human experience, rocks are bri ttle: they break bU( do no t 
flow. But within the Earth rocks can be e ither brittle or plas ti c. At 

shallow depths (less than about 3 mi les; 5 ki lo meters), at low temperatures, 

and over short time periods (seconds to years) rocks ge nerally are br ittle . 

Earthquakes result from br ittle fractU(e of rocks . At grea ter depths, at higher 
temperatures and over geologic time (millions of yea rs), rocks ge nerally behave 

plas tica lly- they flow rather than fra cture. Plastic flow does not req uire that the 
tocks be part ially molten; rocks can fl ow wh ile entirely in the solid state . 

A fam iliar ana logy is silly putty. If pu lled rap id ly si lly putty snaps. Th is 

behavior is br ittle fa ilure. If pu lled slowly it stretches like taffy. If a lum p of sil ly 

pU(ty is left on a table it flows as a viscous fluid over a period of an hour o r so. 
Another useful ana logy is road tar-stiff and brittle when cold bU( soft and plastic 

o n a hot day. 

The rocks that make up this h ill reco rd plastic flow in a deep-seated faul t zone 

(Figure 10-1). The fault, we ll exposed near the top of the north-facing hil lside, is 

inclined gently westward. The fau lt juxtaposes two d iffe rent rock types: coarse

grained metamorphosed Jurass ic granite above and fin e-grained metamorphosed 
Jurass ic volcan ic and sedimentary rocks below. T he fault itself is marked by a zone, 

seve ral meters wide, of distinctive rock ca lled mylonite (Figu re 10-2). 

This mylonite exhib its a matrix of small crysta ls of weaker minerals (especially 

quartz) that have undergone intense stretching and flattening by plastic flow. 

Embedded in this matrix are la rger grains of stronger m inerals . T hese larger grains 
were originally tabular o r blocky in shape; their present ellipso idal fonTls ind icate 

that they have been partially flattened and stretched. Many of them have wispy 
"tails," where they have softened and begun to flow in to the matrix . A few of the 

larger grains also show evidence of fracture. A particu larly good example is visible in 

Figure 10-2, where a rou nded fe ldspar crystal is offset along a small fracture . 

Faults marked by mylonite are com mon wi th in rocks fo rmed deep in the 

Earth's crust. For exa mple, the mylonite zone here is typical of an exte nsive 

system o f fa ults that dominates the structure of the o lder rocks of Organ Pipe 

Cactus National Monument (Figure 10-3). These faul ts can also be exam ined in 
the a rea so uth of the northern Puerto Blanco Drive and southwest of Dripping 

Spring, or in the hills 1 to 2 miles (2 to 3 kilometers) sou thwest of Pozo Nuevo. 
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Figure I I-I. Craggy outcrops of the Senita Basin granite, southeast of [he Sen ita 

Basin picnic area 

EXPLANATION 

GETTING THERE 

1 OTg 1 Gravel (Quaternary 
and Tertiary) 

1-, Tg > 1 Granite of Sen ita 
, , , Basin (early Tertiary) 

schist and quartzite (Jurassic protolith, 
I Jsql QuartZOfeldspathiCj 

Late Cretaceous to I, ,Jqp :1 Metamorphosed early Tertiary 
quartz porphyry, metamorphism) 
greenschist and 
metaconglomerate 

~Contact 

Figure 11,2. Geologic map of the 
Sonoyta Mountains showing the extent 

of [he Senita Basin granite. 

Continue easton Puerto Blanco Drive to the Sen ita Basin road , Turn 

left (north) and drive to the parking lot and picnic area at the end of the 

road, The Sen ita Basin road can also be reached from Highway 8S by 

driving Smiles (8 kilometers) west along the two,way portion of the 

Puerto Blanco Drive that parallels the interna tiona l bo rder-



FEATURE 

GRANITE, A PLUTONIG 
ROCK 

@ he hills surround ing the Sen ita Bas in picnic area are composed of a 
distinctive light-colored igneous rock ca lled granite (Figure 11-1). This 

gran ite lies at the northern margin of a large igneous intrusion that has 
been weathered to fo rm the low, rugged mountains that exte nd southward 
several kilometers from Sen ita Basin (Figure 11-2). 

Geologists recognize two broad classes of igneous rocks-volcanic and 
pluto nic. Volcanic rocks form by the rap id coo ling of molten rock (magma) that 
has poured o nto the surface as lava. Because of the rapid coo ling rate, these 
rocks are typica lly composed of small crystals. Plutonic rocks, named for Pluto, 
ruler of the underworld in Roman mythology, crystallize deep within the Earth 
and cool slowly. This allows the constituent crystals to grow to larger sizes than 
those in volcanic rocks. The Senita Basin granite is an excellent example of a 

plutonic rock. 
The Sen ita Basin granite is a plutonic rock that consists of approximately 

equal amounts of three minerals: quartz, alkali felds par (rich in potassium and 
sodium), and plagioclase. To identify them, exam ine both weathered and fresh 
rock surfaces. The quartz is glassy-looking and clear to gray; plagioclase is grayish 
but not as glassy as quartz and bears fine striations o n so me gra ins; the alka li 
feld spa r is generally blocky in shape and frequently slightly reddish or orangish in 

colo r. The granite also contains small amounts of several other minerals: shiny 
flakes of black mica (biotite) and white mica (muscovite) and, in so me places, 

small ga rnet crystals a few millimeters in diameter. 
The Sen ita Basin granite crys tallized very slowly from magma about 60 

million years ago at a depth of 6 to 9 miles (10 to 15 kilometers). Even though 
the pluton was entirely solid rock it retained a grea t deal of internal heat. This 
remnant heat provided the energy to drive a great thermal convection sys tem as 
hot, water-rich fluids that contained minerals in so lution circulated through 
frac tures in the cooling pluton. The migrating fluid s left evidence of their passage 
in the form of minerals depos ited along fractures . In walking over the Seni ta 
Basin granite, you will see that many fracture surfaces are coated with ve ins or 
seams of shiny, fine ly crystalline muscovite. Veins of milky white quartz also are 
common. 

A few of the larger quartz veins bear minerals containing lead, silve r, copper, 
gold, or zinc. In the late 1800s and early 1900s (prior to establ ishment of the 
National Mo nument) small mines or prospects were developed in some of these 

metal-bearing quartz veins. Three old mines-Victoria, Lost Cabin, and Martinez 
(Figure 11-2)- are located along the margins of the pluton. 
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Figure 05. The location of features 12·21, the eastern part of the Pinacate Biosphere Reserve. 
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, 
Figure 06 View of Pinacate volcanic field from spacecraft. Mexican Highway 2 is visable crossing the dark lavas near 
the northern end of the field. 
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Figure 12·1. View of the cinder cone (Mayo Cone) next to Feature 12 . 

42 

GETTING THERE 
Follow the Tecolote road 0.7 miles (Ll kml to several old bu lldozer pits 

dug in the ci nders on both sides of the road. 



CINDERS 

fragments of rock known as volcanic cinders. The these eft he surface of the ground in this area is up of gray, 

fragments have accumulated to a depth of at leas t several meters he re. T hey 
o rigin ated from the vent of the nearby cinder cone, Mayo C one. N ote how light 

in weight the cinders are . The bubbles in them were o riginally steam bu bbles 

tha t fo rmed in the fo llowing way. 

When the basa lt magma was prod uced fa r down in the mantle, it contained 

small amounts of gas, chiefly stea m, carbo n dioxide and sulfur d iox ide. T hese 

gases were dissolved in the magma just as carbon dioxide stays d issolved in soda 
pop until you open the bottle. As the magma app roached the surface, the 

pressure on it decreased greatly and the gas fo rmed bubbles that caused the 

magma to spray out of the ground, much like the soda pop would if you shook 
the bo ttle and then released th e pressu re inside by o pening the lid . The resulting 

frothy blobs cooled and hard ened as they flew th rough the a ir , beco ming solid 

fragments known as cind ers. The cinders accumulated aro und the vent to fo rm a 
cinder cone. 

Note the size of the cinder fragments here so that you can co mpare them to 
the size of those fragments you will see nea r the ve nt of a cinder co ne (Figure 12-

1; Feature 14). The largest fragments tend to accumulate nea r the ve nt, whereas 

the small and light-weight cinders a re more read ily carried off by a ir currents and 
are widely d istributed around the eru pt ing volcano . 
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Figure 13·1. Aa flow near Tecolote Cone. 

Figure 13·2. Pahoehoe lava in the Pinacate. Note the ropy surface of thIS relatively 
Tunny basalt flow. Knife gives scale in the /,hoLOgra/,h. 

GETTING THERE 
Cont inue weSt for 0.2 mile (0.3 kml to Tecolote campground and park. 

Featu re 13 is at the end of the rocky road 0.3 m de (0.5 kml west of 

thecampground. 



FEATURE 

AA AND PAHOEHOE 
LAVA FLOWS 

rft hree basalt flows fl oor and surround the ova l basin at the end of the 
road. The ve ry rough-surfaced fl ows that sur round the basin are most 

conspicuous. These are known as aa (pronounced ah ah) flows 
(Figure 13-0. Th e one o n the south side of the bas in ca me from Tecolote Co ne, 
the large cinder cone nearly 1 mi le (1.6 km) to the SSE. It is one of the youngest 
lava flows in the Pinacate. The one on the north side of the basin came from the 

cone very nearby to the NNE (Mayo Cone). The surface of contact between these 
two young aa flows is hard to find. Walk a shor t distance across the flow to the 
south and you will soon appreciate the rough character of its surface . 

Basalt lava becomes more pasty and stiff as it cools, and, therefore, flows 
more slowly. The rough surfaces of aa flows develop as lava moves away from the 
vent, cools, and loses its dissolved gas. The surface of the lava becomes br ittle 

whe n it has cooled and is common ly broken up by the motion of the still-hot 
lava beneath. Also, pasty clots of magma develop in the moving flow and work 
their way up to the surface . T h us, the surface becomes littered with jagged slabs 
and chunks of solid lava. 

O n the smooth floor of the basin, especially along its weste rn margins, is the 
surface of another lava flow that is sligh tly older than the two aa flows. This 
surface is smooth and billowy and is typical of the type of lava flow known as 
pahoehoe (pronounced pa-hoy-hoy). Although they are rare here, pahoehoe 

flows sometimes have ropy wrinkles on their top surfaces (Figure 13-2). These 
wrinkles form as the hot, still-plastic skin of the flow is dragged by motion of the 
liquid beneath. They suggest that the magma was not stiff but may have flowed 
about like warm tar. Note the abunda nt gas bubbles in the pahoehoe lava here . 
Pahoehoe flows occur when basalt magma is still re la tively rich in gas and very 
hot, perhaps 2,JOO°F 0,150° C) . 
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Figure 14-LView looking north out through the breach in Teco[ote Cone to Mayo Cone. Pits in the foreground are 
explosion craters produced during the last eruptions at Tec%te. The small hills visible in the middle distance bettJ)een 
these craters and Ma)'o Cone, especially on the left side of the photo, are large masses of cinders. These cinders formerly 
were part of Ieleeate and H,·'ere carried away from it H/hen a lava flow poured north from the cone. 
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GETTING THERE 
Return to Tecoloteca mpground and with permiss ion from the Reserve, 

take the obvious trail that ascends gradually up the southwest side of 

Mayo Cone, directlyro the north. Please stay on the trail, which winds up 

to the rim of thecone. When you descend, again stayon the trail and do 

NOT ski down the side of the Pinacate cone. 



FEATURE 

CINDER CONE 

cd: s you climb the cinder cone north of t campground, no te tba the 

cinders become much large r than those you saw at Feature 12. Masses 

of fresh magma more than 2.6 inches (66 mm) across are known as 
volcanic bombs. They are abu ndant at and near the runs of Pinacate cinder 

cones . From the highest point on the rim of this cone one can view the pinkish 

tan tuff cone named Cerro Colorado (Feature 16) off to the eas t and also of 

Tecolote, the large young cone about one mile sou th of the campground. 

The main vent for the eruption that built Mayo Cone lay within its central 

crate r. Note that th is crater is open (breached) to the west. Most Pinaca te cinder 
cones are breached. At some localities the breach was kept open by continuo us 

flow of lava during cone-building e ruptions. At many others, includ ing this one 
and Tecolote, the breach was opened one o r more times when lava welled up 

within the cone and broke out through one side of it as a lava flow. These flows 

moved large masses of cinders away from the b reach. The lava that flowed west 

from Mayo carried much cinder, as did a large flow that moved out from the 
breach in the no rthwest wall of Tecolote (Figure 14- I). The r im of Mayo Cone 

affords a particularly good view of the terrain north of Tecolote. 

Best seen along their eastern rims, both Mayo and Tecolote display scarps 
whe re masses of cinder slumped downward during eruptive activity. Slumping 

down into the vent region is especially obvious. The crater of Mayo co ntains 
several pits that were formed by exp losio ns that occurred during the end stages of 

the cone's eruptive history. Similar pits are evid ent in the breach of Tecolote 

(Figure 14-1). 

Tecolote is younger and larger than Mayo and its histo ry is more complex. 

Slump sca rps on top of Tecolote can be ye llowish to redd ish due to chem ical 
alteration by sulfurous, acid vapor seep ing th rough the cone. Some other 
features ofTecolote include enormous, dense bombs littering its surface on the 

south side and the presence of several small lava fl ows that leaked from the 

southeas t wall of the co ne near its base. 

Although it appears very young, Mayo cone evidently is at least about 25 

thousa nd yea rs o ld. This age highlights the very slow rate of natural geomorph ic 

change in this ar id region and indicates that scars we make on the landscape with 

vehicles or on foot will be vis ible for a very long time. Please stay on the trail up 
and down any "young" cinder cone you climb' 
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Figure 15-1. Vie'Lli looking norrlHvest O1!Cr Cerro Colorado in the foreground to the playa (tigltt -co lored oval) in the 

upper half of the pICture. The black area southeast of the playa is a very younR Im'(( flo\~ . 
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GETTING THERE 
From Tecolotecampground, returnO.9 mile(J.4 km.) to rheJ unction wi th 

the main park road and turn south (right). Proceed 2.4 miles(3 .9 km)ro a 

fork. Go straightOeft fork) about 75 yards (68 meters) and then take 

another left fork (turn east). Drive 4.3 miles(6.9 km) to an intersection with 

a north-south road. Diaz Playa lies abou t 1.5 miles (2.5 km) north . 

Caution: Do not drive across tbe playa after a rainstorm ' 



PLAYA 

dry lake bed (Figure 15-1). A south-flowing drainage was blocked by PZJ iaz Playa, the pale tan expanse northwest of C erro Colorado, is a 

the eruption of Cerro Colorado tuff cone, resulting in the periodic 
ponding of water on the playa after heavy rain. Evaporation rates are high in this 
arid climate and rainwater that collects on this playa after storms soon disappears 
as it evaporates and soaks into the ground. 

Diaz Playa is just one of hundreds of wet-weather lake basins in the deserts of 
North America. Sediment from several of these playas has yielded fossil s and 

pollen that provide evidence of climatic conditions, vegetation and animal life 
during the last Ice Age. This playa has not been cored for such evidence, nor is 
its date of formation known. 

The pale tan color of the playa is due to fine clay washed in from the north 

and northeast. Winds blowing across this and other sparsely vegetated playa 
surfaces pick up these clay particles and spread them as dust across broad regions, 

where they playa role in rock weathering and the formation of rock varnish. 
Diaz Playa is named in memory of the first Spanish conquistador to explore 

this region, Melchior Diaz, who died east of here in 1541 after visiting the 
Colorado River. 
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Figure 16-1_ Outcrop of tuff on the north rim of Cerro Colorad o_ Note the continuous layers of near-cons tant 

thickneE. These bespeak deposi tion by dtrcct fallout from eruption clo llds. 
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GETTING THERE 
From the intetsection of the N-S and the E-W toads south of D iaz Playa 

and just west of Cerro Colorado, drive eas t fo t about 0 .4 mile (0.6 km) 

to the north r im of the ta n cone . 



TUFF CONE 

800u are standing at the rim of Cerro Colorado ("red hill"), a youog 

volcano evident in the foreground of Figure15-1. This cone is composed 
chiefly of volcanic ash (small bits of ejecta). A volcanic rock made of ash is 

called tuff. Cerro Colorado is a superb example of a tuff cone. 
Look closely and you will see that the tuff consists of pieces of grave l and 

scattered fragmen ts of basalt in a matrix of olive to orangish tan pellets about .05 

to .2 inches (1-5 mm) across. When basalt magma rose to the surface, it encoun

tered abundant water in the ground. The heat of the magma flashed the water into 

steam and the magma itse lf was blown in to tiny fragments of tan ash. The pieces of 
gravel in the ash represent old stream gravel that underlies the volcano. The 
explosions tore loose and erupted both the gravel and a few cbunks of basalt from 

an old lava flow visible on the southwest side of the floor of the crater. 

Abundant water in the eruption clouds caused the accumulating ash to be 

relatively wet and sticky, especially in the upper parts of the co ne. Here, layer on 

layer of ash fell to the ground from the repeated steam explosions (Figure 16-1). 
Eruptions occurred from several adjacent circular vents. The crater itsel f, with its 

somewhat "cloverleaf' outline, represents the coalescence of these vents as their 
walls period ically collapsed. 
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During eruptions 
before significant 
collapse: 

Present Crater Elegante 
after all collapse ~ __ 
and eruptions 
ended: - - -

o 
I 
o 

Water saturated 
loose sediment 

Figure 17-1. Cross section showing hypothetical, vertical, cu taway view of Crarcr Elegante during eruptions 
(top) and as it is seen today following all eruptions and collapse to form the present crater (below). Note that 

the three major types of rock or sediment involved are labeled on the top diagram and have unique symbols. The 
same symbols are used to denote them on the lower diagram. A thin layer covering the tuff breccia on the floor 
of the present crater is shown with a dotted pattern on the lower diagram and represenrs recent sediment washed 
across the crater {loor. Also shown on the lower diagram are accumulations of talus at the foot of the cUffs; the 
talus is denoted with a tr iangular symbol. 
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GETTING THERE 
Return 4.7 miles (7.6 km) toward Tecolote and continue west (Ieftl from 

the intersection on the road signed to Crater Elegante. Drive 2.9 miles 

(4.7 km) to a road intersection and continue west 1.6 mi les (2.6 kml to a 

parking area at the end of the road . Walk up to the rim of the crater. 



FEATURE 

MAAR CRATER 

~ rater Elegante (Figure 17-2) is 1 mile (1.6 km) in diameter and 800feet 
(244 meters) deep. It formed about 150,000 yea rs ago during catastrophic 

eruptions in which basalt magma interacted explosively with water in the 
sediment below the volcano. This flashed the water into steam. Exposed in its 
cliffs are numerous lava flows, most of which are unrelated in origin to the 

present crater. Part of the crater formed by explosive ejection of these old er rocks 

from the vent. Most of the crater, however, originated by collapse of the volcano 

and the older lavas beneath it. These lavas rested on mud. As huge quantities of 

mud were ejected together with volcanic ash, this underlying support was 
removed. Masses of volcanic material crumbled into the vent and the vo lcanic 
pile finally subsided to form the present crater (figure 17-1). The bottom of the 

crater lies far below the level of the preexisting ground surface. Such a crater is 

known as a maar. 

About 15,000 years ago, when the climate here was much cooler and wetter, a 

lake occupied the bottom of the crater. Sediment deposited along the shore of 

that lake forms a sort of "bathtub ring" that is especially evident on the west side 

of the crater as much as 200 feet (60 meters) above its floor (Figure 18-1). 
As the volcano collapsed to form the crater, an old cinder con e was sl iced 

nearly through its center. The inter ior structure of this cone is well displayed in 

Elegante's southeastern cliffs. 

FIgure 17-2. Aenal view of Crater Elegante from the southwest. Crater diameter IS 1 mae (1.6 kilometers). 

An old cinder cone lies south of the crater. Part of another cinder cone can be seen here in the far crater 
walt. When you first come from the road ro the rim of rhe crater, you are standing almost exactly across the 

center ol the crater from where this picture was taken. 
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Figure 18- 1. View across Cra ter Elegante totvard the peaks of the Sierra Pinclcarc. Somc 1;CT)' )'otmg lava flows in the 

middle di.'itance appear as a thin hand of black rocks just above the far rim of the cra ter. Sediment deposited in the lake 
that used to occupy the lower parr of Crater Elegance is visible as a ring-like bench about 200 feer (60 meters) above 

the cYa ter floor. 
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FEATURE 

SIERRA PINACATE 

@< orming the skyline southwest of Elegante is tl"Ce Sierra Pinacate (Figure 
18-1 ), a volcanic mountain that rises to an elevation of3,904 feet (1,190 

meters) above sea level. Jesuit missionaries, most prominently Padre Eusebio 
Francisco Kino, recognized the volcanic origin of this terrain as early as 170l. 

Eruptions probab ly began in the Pinacate a few million years ago; geologists 

do not know exactly how long ago because the oldest volcanic rocks are buried 

and not accessible for study. Until about one million yea rs ago, eruptions built a 

rounded , gen tly sloping pile of volcan ic rocks known as a shield volcano. The 

character of the erupted lava changed gradually with time unti l eruptions 
produced a type of lava much poorer in iron and magnesium and lighte r in color 
than basalt. 

For about the last one million years, Pinacate volcanic activity has produced 

basalts from vents scattered over a broad region. These basalts covered the 

slopes of the old shield volcano (Santa C lara) and mu ch surrounding terrain. 

Most of the volcanic rocks exposed in the Pinacate belong to this younger group 
of lavas. 

Both of the prominent peaks atop the Sierra Pinacate are cinder cones. 

Pinacate Peak, on the west, is slightly higher than Carnegie Peak, which was 
named dur ing the 1907 Carnegie Institution expedition to the Pinacate. 

Carnegie is a young cone. If the light is favorable, you may clearly see lava flows 
that ran down the side of the Sierra Pinacate from vents near Carnegie Peak. 
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Figure 19·1. Layers of tuff breccia (tuff containing large blocks of basalt) that form the rim beds of Crater Elegante. 
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GETTING THERE 
T he next two fea tures are loca ted partway down inside the crater. As of 

this writing, you need permiss ion to enter Crater Elegante (see Entry to 

the Pinacate). The trail to Fea tures 19 and 20 begins about 2,600 fee t 

(800 meters) south around the crate r rim. This tra il leads abou t one 

quarter of the way down into the crater. lr is steep and passes over 

rough terrain and nea r cli ffs . lt shou ld be undertaken only by those in 

good physical condi tion and with sturdy hiking boots . Use it on ly at 

yo ur own risk. Rememberthatyou have to come back up. Accordingly, 

you may choose toskip Feature 20 and toview rocks like those at 

Feature 19 about 30 to 40 ya rds (meters) into the crater from the point 

where you first reached its rim. 



FEATURE 

TUFF BRECCIA 

QS2( s you enter the crater you will see outcrop of tan, 

crumbly rock. The eruptions that led to Crater E1egan eolew out large 
quantities of tan silt and clay as well as frothy pellets of ash represent

ing the magma whose heat powered the eruption. The explosions also tore loose 
fragments of old, solid basalt from the walls of the vent. These fragments range in 

size from less than .05 inch (1 mm) to blocks as much as 6 feet (2 meters) across. 

The silt, volcanic ash and blocks were deposited layer on layer as the eruption 

proceeded. The volcanic rock composed of such a mixture of tiny to very large 

fragments is known as tuff breccia (Figure 19-1). Maars typically are surrounded 
by a ring of tuff or tuff breccia. 

About 650 feet (200 meters) north of the steep trail into the crater is a ridge 

nose where the tuff breccia is very well exposed. (Hint: it is easier to ascend this 

ridge nose than to descend it.) Here you can see where some of the big blocks fell 

with considerable impact, disrupting the strata below. Yet many other blocks 

did not disrupt the strata; probably these blocks were carr ied in laterally together 
with much ash and silt. They were transported by eruption clouds that moved 

radia lly out from the vent at very high velocity. 

As the trai l nears the edge of a steep drop, you walk from tuff breccia onto 
cinders of the old cinder cone exposed in the cliffs to the south. Note that the 

trail turns north before the steep drop. 
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Figure 20·1. DIke of porphyntic basalt. The dark margins of the dike in this picture 
are cinders that were baked by the heat of magma in the d,ke and adhered to ils sides. 

GETTING THERE 
Fo llow the trail no rth down to agully and then wa lk generally downhill 

toward, bu t stayi ng safely back from the edge of the cliffs . Walk sou th 

abo ut 150 feet (50 m) alo ng the bench to whe re a wall of de nse rock 

projects out from the cinders almost to the cliff Descent beyond this 

point is genera lly prohibited as of th is writing. 



DIKE 

Q9/ dike is a tabular mass of rock that magma 
along a fractu re that cuts th e laye rs of surroun 

particular dike is blade-shaped (Figure 20-1). It is unusual in that its 
base or "keel" is exposed in the cl iff and its crest is horizontal and visib le high 

above you. This dike was injected horizo ntally th rough the cinders from a source 
in the southeaste rn part of the crater. That source was the vent of the old cind er 

cone. Probably this d ike is o nly slightly you nger than the cinders around it. 

The cavities .05 - 0.4 inch (1-10 mm) across in the dike represent gas bubbles 

that were trapped in the cooling magma . Some gas bubbles accumulated to form 
a large cavity at the top of the dike . Within the d ike, the tab lets and irregular 

pieces of clear, glassy material 0.5 - 1 inches (lor 2 centimeters) across are 

crysta ls of p lagioclase fe ldspar. These and crystals of greenish brown o livine grew 

in the magma before it was erupted and emplaced as a dike. Please do not 

da mage o r remove any of the dike. 
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Figure 21-1. East Side of the Siena Pinacate. Note the canyons cut into the old Santa Clara shield rocks. A young lava 
flow from Carnegie Peak (highest point on the horizon) IS evident in the middle distance. 
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GETTING THERE 
Drive 1.6 miles (2.6 kilometers) east from C rate r Elegante; take the ri ght 

fork , and continue abo ut 9 mil es (15 kilometers) to join a road south 

from C erro Colorado. Travel 3.9 miles(6 .3 kilometers} south on this 

road and turn off to the right on a road signed "Co no Rojo." Proceed 

11.3 miles (18.2 kil o mete rs) up the moun tai n to the end 

of thi s rough road . 



FEATURE 

ERODED PINACATE 
VOLCANICS 

Q:/: his road passes over old desert pavement (Feature 6) in several places 

as it ascends the mountain. Stones in the pavement commonly are heavily 
coated with rock varnish (Featu re 1). Many of these desert surfaces are very 

old and little disturbed in thousands of years . Rare stone artifacts th at have been 

found embedded in the pavements indi cate human occupation of the Pinacate 
thousands of yea rs ago and perhaps many thousands of years ago . These 

pavement surfaces record ancient archeological evidence found nowhere else and 
are ve ry frag ile. Do not d rive off the road I 

Evolution of the land surface in the Pinacate is evident, however, if we look 

back hundreds of thousands of years. Most striking are the deep notches eroded 

in to the flanks of the old Santa Clara shield volcano (Figure 21-1). Its eroded 
slopes are covered in most places by younger Pinacate basalt fl ows. Some of 

these poured down canyons. In other places they spread more broadly, as did 

the very young flow clearly visible from the road (and in Figure 21-1) when you 

are well up on the mountain. 
At the end of the road is a cinder cone that has been very deeply dissected by 

eros ion. The framework of th e original structure is d ifficult to discern from this 
remnant, which is hundreds of thousands of years old. W ill Tecolote look like 
this someday) 

From the campground at th e end of the road you can climb to the top of 

Pinacate Peak. The distance is about 4 miles (6 or 7 kilometers) depending on 
your route . The elevation change is 25 60 feet (780 meters) . The route is ill
defined in places and commonly rough or on loose cinder. However, the view 

from the top is superb. Be sure to ca rry adequate wate r and take appropri ate 

safety precautions. 

61 



SUGGESTED READINGS 

Biekman, H .M., Haxel, G .B., and Miller, R.j., 1995, Geologic mapoftheTohonoO'Odham India n 

Reservatio n, southern Arizona: U.S . Geologica lS urvey MiscellaneousGeo logi c Investigations Map I· 

2017, scale 1: 125,000,2 sheets. (Features 3, 5, and 8) 

Brown,j.L. , 1993, Interpretivegeo logic map of the M t. Ajo quad rangle, Organ Pipe National 

Monument, Arizo na: U.S. G cological Survey Open Fi le Report 92·93, Scale 1· 24,000, 13 p . 

(Features 3 and S) 

Bull , W.B., 1991, Geomorphic responses to climati c change: Oxford , Oxford University Press, 326 p. (p . 

155·157 Features J and 8) 

Carruth, R.L. , J 996, H ydrogeology of the Q uirobaqui to Springs, and La Abra Plam, Arizo na, Organ 

Pipe Cactus Natio nal Monument, and Sonora , Mexico: U.S. G eological Survey Water·Resou rces 

Investigations Report 95-4295,23 p. (Feature 9) 

Felger, R.S., Warren, P. L., And erson, L.S., and Nabhan, G. P. , 1992, Vascu lar plants o fa desert oasis : 

Flora and ethnobotany of Qui tobaqui to, O rgan Pipe Cactus N ational Monument, Anzona: 

Proceed ings of the San D iego Soc iety of Natura l History, no. 8, p. I-.:l9. (Feature 9) 

Gerson, R. , 1982, Talus relics in deserts: A key to major climate fluctua rions: Israe l jou rnal of Earth 

Science, v. 31, p. 123- 132. (Feature 4). 

Gilluly,james, 1946, T heAjo minll1gdistrict, A rizona : U.S . Geologica l Survey Profess ion al Paper 209, 
112 p. (Feature 4) 

Gutman n,j.T., 1976, Geology of Crater Elegante, Sonora, Mexico: Geological Society of America 

Bulletin, v. 87, p. 1718·1729. (Features 17, 19, and 20) 

_____ ,1979, Structure and eruptive cycl e of cinder co nes in the Pinacate Volcanic Field and rhe controls 

of Strom bolia n act ivity: j ournal of Geology, v. 87, p . 448-454. (Features 14 and 20) 

Hayden,j. D., 1976, Pre·Altithermala rchaeology in the Sierra Pinacate, Sonora, Mexico: American 

An t iquity, v. 41, p. 274·289. (General reference on rhe archaeo logy of the Pinaca te Biosphere 

Reserve) 

_____ , 1998, The Sierra P inacate: Tucson, Univers ity of Arizona Press, 87 p. (Ceneral reference on the 

Pinacate Bios phere Reserve) 

H axel , G.B., Tosdal, R.M., May, D.j., and Wr ight, J. E., 1984, Late Cretaceous an d ea rly Tertiary 

orogenesis in south~centralAri zona; thrust faul ting, regio nal metamorphism, and granitic 

plutonism: Geologica l Society of America Bulletin, v. 95, p.631·653. (Features 10 and 11) 

Hornaday, W.T. , 1908, Campfires on desert and lava: New York , Charles Scr ibners and Sons, 366 p. 

(General reference on the Pinacate Bios phere Reserve) 

Ives, R.L., com piled by Byrkit , j.W. , ed ited by Dahood, K.J. , 1989, La nd oflava, ash, and sa nd - The 

Pinacate region of n orthwestern Mexico: Tucson, T he Arizona Historica lSociety, 239 p. (General 

refere nce on the Pinacate Biosphe re Reserve) 

62 



Lynch, D.]., 1981, Genesis and geochrono)ogy ofalkalinevolcanisll1 in the Pinacate Volcan ic Field of 

northwestern Sonora, Mexico: Tucson, University of Arizona, Ph.D. dissertation, 248 p. (General 

refere nce on the Pinacate Biosphere Rese rve) 

Lynch, D.J . and Gutmann,J.T., 1987, Volcanic str uctures and alb line rocks in the Pinacate Volcan ic 

Field of Sonora, Mexico: Ar izo na Bureau of Geology and Mi neral Techno logySpecial Paper 5, p. 

309-322 . (General re ference o n the Pinacate Biosphere Reserve) 

Potter, R.M., and Rossman, G.R., 1977, Desertvarnish: The importance of clay minerals: Science, v. 196, 

p. 1446-1448 (Feature 1) 

_____ ,19 79, Mineralogyof manganese dend rites and coatings: American Mineralogist, v. 64, p. 1219-

1226. (Feature 1) 

_____ , 1979, T he manganese and iron oxide mineralogy of desert varnish: Chem ical Geo logy, v. 25, p. 

79-94. (Feature 1) 

Reynolds, S. J. , 1988, Geo logic map of Arizo na: Arizona Geo logical Survey Map 26, Scale 1: 1,000,000. 

(General reference on Orga n Pipe Cactus N ational Mon ument) 

Sm iley, TL., Nations,J.D., Piv.e, TL., and Schafer,J.P., editors, 1984, Landscapes of Arizo na, the 

geological Story: Lantham, MD, University Press of America, 505 p. (General geologic reference) 

Spence r,].E., Ri chard, S.M., Reynolds, S.J., Miller, R.J., Shafiq ullah, M., Gilbert, W.CJ. and Grubensky, 

M.]., 1995, Spatia l and temporal relati o ns between rnidTcrtiary ll1agmatisIl1 3nd extension in 

sou thwestern Arizona: Journa l of Geophysica l Research, v. 100, no. tl7, p. 10,321,351. (Features 3 

and 5) 

Stratum, I. , an d Francis, S.c., 1986, T he Influence of scree accumu lation and weathering on th e 

devclopmentofsteep lllounta inslopes , inAbrahams,A.D., 1986 Hillslopc processes: Boston, Allen 

and e nwin, p. 245-267. (feature 4) 

Tosdal, R.M., Haxel, C). B., and Wright,J. E., 1989,Jurass icgeology ofthe Sonoran Desert region, 

southern Ari zona, southeastern Ca liforni a, and northernmost Sonora: Construction of a 

continen tal-margin magmatic arc, in Jenney,].P., and Reynolds, S.]. , eds. , G eological evollltionof 

Arizona: Arizona Geological Society Digest 17, p.'97-434. (Features 10 and 11) 

Tosda l, R.M. , Haxel, G.B.,Anderson, TH., Connors, C. D., May, D .J., and Wright,].E., 1990, 

Highlights of] massic, Late Cretaceous to Early Tertiary, and Middle Tertiary tectonics, south-central 

Arizona and north-centra l Sonora, Gehrels, G.E., and Spencer, ] .E., eds., Geologic excursions 

through the Sonoran Desert regio n, Arizona and Sonora: Arizona Geological Survey Special Paper 

7, p. 76-88. (Fea tures 10 and 11) 

Tosdal, R .M., Peterso n, D.W., May, D.J., LeVeque, R.A.,and Miller, R.J., 1986, Reconnaissance geologic 

map of the MountAjo and partofthe Pisinimo Quadrangles, Pima County, Arizona: U.S. 

Geologica l Survey Miscellaneous Field Studies Map MF-1820 , sca le 1:62,500. (Fea tures 3 and 5) 

VandenDolder, E.M., 1995, How geologists tell time: Arizona Geological Survey Down-to-Earth 4, 33 p. 

(General geologic reference) 

63 





Satellite image a/the Pinacate 
Biosphere Region, Mexico. 
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