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PINACATE FIELD TRIP STUDENT EXERCISE QUESTION SHEETS

Name

GLG 490/598 Field Trip to the Pinacate Volcanic Field

Sarah A. Fagents, David A. Williams, Ronald Greeley, and John F. McHone

INTRODUCTION

This is a 2 d field trip to the Pinacate Biosphere Reserve in Sonora, Mexico. The Pinacate volcanic field has been active for the
past 2-3 m.y. Lavas are derived from melting of deep, garnet-bearing asthenosphere, possibly as a miniplume that welled up near,
but distinct from, a spreading center in the adjacent Gulf of California (Sea of Cortez) to the south (Goss et al., 2008). The Pinacate
field contain diverse volcanic landforms, including a shield volcano, a tuff cone, maars, cinder cones, and lava flows. Two different
alkalic rock series are represented: One constitutes the >400 monogenetic cones and craters formed over the last 1.2 m.y. or more;
the other forms the extinct Santa Clara shield volcano. The former consists of basalts and hawaiites, whereas the latter constitutes
an entire alkaline differentiation series: basalt, hawaiite, mugearite, benmoreite, and trachyte.

This trip will focus on the deposits and morphologic expressions of explosion craters, volcanic cones, and lava flows.

Guidebook Cover Image: The Pinacate volcanic field as imaged by the Spaceborne Imaging Radar-C/X-band Synthetic Aper-
ture Radar (SIR-C/X-SAR) carried onboard the space shuttle Endeavor on 18 April 1994. Image is centered at 31.84°N, 113.47°W.
The colors are assigned to different radar frequencies and polarizations of the radar as follows: red is L band (23.5 cm), horizon-
tally transmitted and received; green is L band, horizontally transmitted, vertically received; and blue is C band (4-8 cm), hori-
zontally transmitted, vertically received. National Aeronautics and Space Administration (NASA) photojournal image PIA 01852.

DAY 1

Mile 0 Depart Tempe: Head south on Rural Road to Broadway Road.

Mile 1 Turn right on Broadway.

Mile 3.5 At the junction with I-10, head south toward Tucson for ~8.5 miles.

Mile 12 Take the Maricopa road exit and head south for 29 miles.

Mile 43 At the junction with Hwy 84, turn west.

Mile 49 Take I-8 west.
Stop 1. Rest area (or Gila Bend). Overview of geology of the area.

Mile 83 Take exit 116 at Gila Bend, turn south on Hwy 85.

Mile 126? Stop 2. Mining pit in Ajo. Discussion of mineral deposits and mining operations. Mile 160?

Stop 3 (optional) Organ Pipe National Monument visitor center.

Mile 163  Stop 4. Mexican border at Lukeville. After crossing, proceed to Sonoyta.

Mile 165  Turning right onto Route 8, heading southwest towards Puerto Pefiasco. The oldest volcanic center (Volcan Santa
Clara) of the Pinacate volcanic field will become visible to the west.

EXERCISE 1. Remote sensing of the Pinacate region.

En route to the Pinacate volcanic field, examine the color SIR-C/X-SAR radar image of the volcanic field (the front cover of
your field guide). Based on your understanding of how microwave radiation interacts with surface materials, together with
what you see from the van, suggest answers to the following questions:

1.1 What are the anastamosing channels in the southeast portion of the image? What causes the bright radar return?

1.2 What might compose the broad, dark patterned surface in the far southwest of the image?

1.3 What causes the reddish hues in the image?
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1.4 Within the main volcanic area, how many prominent (>500 m diameter) craters can you identify? Comment on the variations
in morphology and crater floor brightness/color.

1.5 What are the lobate, bright yellowish features prominent in the eastern part of the field? What is the cause of their radar brightness?

Now examine the false-color Landsat image of the Pinacate volcanic field (Fig. 1). This was constructed with band 7 (2.08—
2.35 um), band 4 (0.76-0.90 pm), and band 2 (0.52-0.60 pm) in the red, green, and blue channels, respectively. By referring
to Figure 2, which shows spectra of common rocks and minerals, answer the following questions.

1.6 What are the abundant circular red features? Why are they red?

1.7 Note that many of the craters and other features that are prominent in the radar image are less distinct in visible to near infra-
red wavelengths. Why is much of the volcanic field dark?

1.8 What is the material making up the yellowish surface to the southwest?

Mile 200 At the sign for the Pinacate Biosphere Reserve, turn right off Route 8 onto dirt road, stop at visitor’s center to register
and obtain a camping permit. Continue north on the dirt road for ~10 mi (~16.1 km).

Mile 210  Bear left at fork in road, following the sign to Crater Elegante.

Mile 217  Stop 6. Crater Elegante. Lunch.

Crater Elegante is ~1600 m in diameter and 244 m deep, and it formed some 32,000 yr ago. The rim affords a great perspective of
the surrounding geology: Volcan Santa Clara dominates the southwestern horizon. To the northeast, there are the cones of Teco-
lote, Mayo, and Cerro Colorado. The low-lying area to the south hosts abundant small cones. Lava flows are clearly visible to the
west and northeast.

EXERCISE 2. Crater Elegante.

Walk up to the crater rim and (with caution) scramble a few meters down the slope toward the crater floor to examine the
outcrops.

2.1 Describe the deposits in terms of their components, bedding structures, dip, etc.

2.2 What eruption mechanism do these deposits represent?

Walk west along the crater rim for 500-1000 m. Look across to the highest point along the rim on the opposite side.
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2.3 What do you notice about the structure in the opposite wall?

Now backtrack and walk east around the crater toward the highest point. Along the way, note the relief of the crater rim in
relation to the surrounding area, the dip of the beds, and the depth to crater floor. Also note the variety of large ejecta types.

2.4 Describe the material comprising the highest point of the rim. How does it differ from that found elsewhere? What is the
relationship of this structure to the crater?

2.5 Based on everything you’ve observed, what type of feature is Elegante? How did it form?

2.6 Examine the enlargement of the radar image covering Elegante (Fig. 3). Explain the variation in radar brightness in the crater floor.

2.7 What features does Elegante have or lack compared to impact craters?

Returning to the vans, leave Elegante and travel north around Tecolote Cone.

Mile 221  Stop 7. ‘A‘a lava flow front. We will examine the lava textures and discuss the emplacement processes of ‘a‘a flows.
Walk up and examine the textures of the lava surface and flow front. How do these characteristics relate to the radar brightness?
Noting the characteristics of the surrounding surfaces, examine the enlarged radar image (Figs. 4, A1, A2) to locate
our position.

Mile 224  Stop 8. Continuing along the road, we will turn left into the Tecolote campground.

EXERCISE 3. Lava flows.

Walk west along the short road through the campground for ~500 m until you enter a broad basin surrounded by thick lava
flows. One flow emanates from Mayo Cone, immediately to the north of the campground; another comes from the Tecolote
Cone complex to the south. Walk clockwise around the margins of the basin to examine the different lava flows.

3.1 Locate the pahoehoe flow. Note the surface textures. What is its stratigraphic relationship and age relative to the ‘a‘a flow?

3.2 From the radar image, what can you say about the abundance of pahoehoe flows relative to ‘a‘a in the Pinacate volcanic field?

DAY 2

EXERCISE 4. Mayo Cone.

Starting from the campground, skirt westward along the base of the Mayo Cone and head up over the saddle into the interior
of the breached cone complex.

4.1 Describe the characteristics of the pyroclastic material comprising the cone’s outer flanks. How does this differ from the
material you saw at Elegante?

4.2 Describe the characteristics of the pyroclasts and deposits within the interior of the breached cone.
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Figure A1. Aerial photo of the Pinacate volcanic field, showing Crater Elegante (E), Tecolote (T),
and Mayo (M) Cones. Image is courtesy Arizona State University Space Photography Laboratory.

4.3 Based on your observations of the cone complex and pyroclastic material, describe the eruption mechanisms responsible for
the deposits. How do you think the eruption evolved through time?

Returning to the vans, leave the campground and head west to Cerro Colorado.

Mile 230  Stop 9. View of Cerro Colorado to the north. Note the relief of the structure and dip of the bedding.
Mile 233  Stop 10. North rim of Cerro Colorado.

Cerro Colorado is >27,000 yr old, based on Ar/Ar dating of overlying lapilli. The crater is ~1000 m in diameter, with the crater
floor lying >100 m below the highest point on the south rim. The morphology of the crater records multiple centers of activity. Note
the presence of Diaz Playa to the north of Cerro Colorado.

EXERCISE 5. Cerro Colorado.
Walk down a few meters inside the crater rim onto the benches to examine rim deposits.

5.1 Describe the characteristics of these deposits (clast types, bedding, dip, etc.).
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Figure A2. Spaceborne Imaging Radar (SIR)-A radar image of the Pinacate volcanic field, show-
ing Crater Elegante, and Tecolote and Mayo Cones (cf. Fig. A1). Image is courtesy Arizona State
University Space Photography Laboratory.

How were these deposits formed?

What do the lithic clasts say about the pre-eruption environment?

How do these deposits differ from those at Elegante?

Looking down into the crater, note the pinkish tan deposits exposed at the bottom of the crater’s north wall. These are mud-
stones, which probably represent preexisting playa deposits.

What does the morphology of the crater interior suggest regarding the focus of eruptive activity?

Return to the crater rim. Walk counterclockwise around to the northwest part of the rim. Note the presence of long-wave-
length radial dune forms on the outer flanks. Examine the deposits in the crater wall.
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5.6 What do these deposit characteristics suggest about their mechanism of emplacement?

5.7 What do your observations of cone relief, deposit characteristics, and bedding dip suggest about eruption style and the role
of external water? What type of feature is Cerro Colorado?

Return to the crater rim and head back to the vans.

5.8 Locate Cerro Colorado on the radar image (front cover). Explain the radar-dark apron.

5.9 Study the radar image to determine the locations of major craters. Given what you now know about the formation of volcanic
craters at Pinacate, what inferences might you make about the paleohydrology of this region?

5.10 How might one distinguish between impact craters and volcanic craters such as Cerro Colorado and Crater Elegante in
remotely sensed data?

Lunch at the vans. We will leave Cerro Colorado and head north out of the Reserve.

Mile 234  Head north through Playa Diaz.

Mile 239  Head north on cinder road.

Mile 240  Exit Pinacate Biosphere Reserve. Join Route 2 heading east.

Mile 272 Turn left at junction with Route 8. Head north through Sonoyta to border.
Mile 274  Border crossing. Reverse the outbound route to return to Tempe.

Reference Reprints Included in This Guidebook. (These appear courtesy of the Arizona Geological Survey.)

Gutmann, J.T., and Sheridan, M.E,, 1978, Geology of the Pinacate volcanic field, in Burt, D.M., and Pewe, T.L., eds., Guidebook to the Geology of Central Arizona:
State of Arizona, Bureau of Geology and Mineral Technology Special Paper 2, p. 47-60.

Lynch, D.J., and Gutmann, J.T., 1987, Volcanic structures and alkaline rocks in the Pinacate volcanic field of Sonora, Mexico, in Davis, G.H., and VanderDolder,
E.M., eds., Geologic Diversity of Arizona and its Margins: Excursions to Choice Areas: State of Arizona, Bureau of Geology and Mineral Technology Special
Paper 5, p. 309-322.
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RESERVA DE LA BIOSFERA
EL PINACATE Y GRAN DESIERTO DE ALTAR

REGULATIONS

Welcome to El Pinacate! You are in a biosphere reserve managed by the Mexican Federal

Government and the Comision Nacional de Areas Naturales Protegidas (CONANP).

The reserve’s park rangers and other staff members are empowered to enforce the observance

of these regulations and to protect the area. They have a radio and telephone link with the Federal Plice,
the Mexican Army, PROFEPA (the Environmental Protection Attorney General’s Office) and the Attorney
General’s Office to prosecute immediately any violation of the law.

Help us preserve this area and avoid legal action be taken against you. Penalties can go from a

verbal warning to incarceration.

GENERAL REGULATIONS:

All visitors shall fill out registration form F-01 at the Visitor's Center and pay the corresponding fee
(Federal Rights Law, article 198-A) or, if not possible in the field and hand it to any staff member.
The reserve is open to all citizens’ nevertheless, any visitor that might seem to be a potential
danger for the reserve’s or other visitor’s integrity or even to himself will not be allowed to enter,
such as people under the influence of intoxicating beverages or drugs.

Weapons are strictly prohibited.

Remains or any other type of the area’s natural or cultural resources is totally prohibited.

The use of plants or animals for feeding, heating or ritual purposes is not allowed but in some
exceptional cases and only with the reserve’s authorized personnel’s written approval.

It is strictly forbidden to let free domestic or exotic wild animals or to plan native or exotic plants.
A special permit issued by the SEMARNAT and a payment receipt are required for commercial
filming.

Campfires are not allowed; portable gas, alcohol or other fuel stoves are permitted only in
designated campgrounds or in the backcountry when there is no risk of starting a fire and when
not done in commonly used parking areas or roads..

We strongly recommend that you do not bring in your pets. A pet shall be let in provided it
remains in your vehicle or if you keep it under control on a leash when you walk it out. In any
case a permit might be denied by the staff in duty when it be considered that your pet poses a
risk for the area or for other visitors.

Very big or heavy vehicles shall not be allowed to enter, such as RVs or many-wheeled vehicles.
ATV’s (All Terrain Vehicles) or ORVs (Off Terrain Vehicles) and sand boogies are strictly
forbidden.

Vehicles transporting toxic, flammable, or hazardous materials shall not be allowed to enter; not
even when they are in transit to other destinations.

You shall respect and observe indications of the signaling systems that you will find within the
reserve, such: NOT trespassing closed roads, NOT off-driving from authorized roads, NOT
speeding (25 miles maximum speed), etc.

Climbing down craters is not allowed.

Loud volume audio equipment is not permitted, that is, if the sound is audible at 250 yards.

All alcoholic beverages are strictly forbidden but those of low alcohol content such as beer and
only in small amounts. The staff in duty will check up each particular case. Likewise, introduction
of any substance that might be used as intoxicant or narcotic is illegal.

Any activity that maybe a possible source of air, water, or soil pollution is forbidden, such as fluid
or solid waste disposal, burning or combustion of any kind of materials, etc.

The trash that you bring or generate during your stay shall be picked up and taken away from the
reserve. Do not bury it even if it is organic garbage.

If you defecate outdoors you shall bury your feces in a cat hole of some 8-10 inches deep; DO
NOT bury toilet paper or sanitary pads in it, but put them into a plastic bag and take the bag away
with you.
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RESERVA DE LA BIOSFERA
EL PINACATE Y GRAN DESIERTO DE ALTAR

CAMPGROUND REGULATIONS

If you want to camp in the reserve it is mandatory that you apply in writing for a permit (Form F-
01). Hand in your application form to personnel in duty at the Visitor’s Center.

Camping shall be allowed only within predetermined sites intended for that purpose and
designated by the reserve’s personnel. People allocation in campgrounds will be done based on
sited carrying capacity.

Authorized campsites are as follows:

RED CONE

Capacity for 20 persons and /or 5 vehicles. Located at 16.2 miles northeast of the Visitor’s
Center. Access through a rocky and bad shaped dirt road. We recommend that you take a high
vehicle. Four wheel drive is not necessary. This site doesn’t have any kind of services or
facilities but a few picnic tables and benches. It is the closest spot to the Santa Clara volcano
(Pinacate) by road.

EL TECOLOTE

Capacity for 40 persons and/or 10 vehicles. Located at 20.6 miles north of the Visitor's Center
through a moderately well-shaped dirt road, somehow sandy in parts (sand and vocanic ash). It
is okay for regular vehicles to transit. It doesn’t have any services or facilities but a few picnic
tables and benches. It is the nearest campground to the El Elegante crater (approximately 5
miles Northeast).

BACKCOUNTRY CAMPING

All sites have a maximum capacity for 3 persons and no vehicles. These are located anywhere
within the public area (see map) at one third of a mile away from roads, water reservoirs, craters,
lava flows, lapilli areas, or archaeological sites. Access only on foot.

We do note make camping reservations. You must register for a permit available on a first-come,
first-served basis at the Visitor's Center information desk.

If a specific campground has some vacancies it will still receive individuals or other group
members that will share the place with you until the site is full to its capacity. We do not have
exclusive sites.

Pets are not allowed at either of the two established campgrounds.

Only campfires are permitted using charcoal and fuel pellets.

You are allowed to cook or heat your meals on portable grills or stoves within campgrounds or
other campsites, provided that no risk of catching fire is present, and when not done in commonly
visited parking areas or roads.

DO NOT use rocks to anchor tents or canvas on the ground.

Audio equipment is not allowed unless you listen to it through a headset or at low volume and
provided other people are in agreement. The same applies to musical instruments such as
guitars.

It is strictly forbidden to slide downhill for recreational purposes on volcanic-ash-covered
hills, as well as to do any other destructive activity that may cause a negative impact on
the soil, vegetation, fauna or archaeological remains.

Information Center phone number (from US) 011-52-638-384-9007
E-Mail pinacate@conanp.gob.mx
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Satellite image of the Pinacate
Biosphere Region, Mexico.
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Figure 1. Landsat Thematic Mapper false color image of the Pincate Volcanic
Field. Band 7 (2.08-2.35 um) is displayed in the red channel, band 4
(0.76-0.90 um) in green, and band 2 (0.52-0.60 um) in blue.
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Figure 2. Reflectance spectra for rocks and minerals relevant
to the Pinacate study area. Vertical bars indicate wavebands
of Landsat TM data used to create false color image (Fig. 1).
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Figure 3. Enlargement of SIR-C/X-SAR image. 0 2 km
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Airphoto of Pinacate Volcanic Field, showing Crater Elegante (E), Tecolote (T) and Mayo (M) cones
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SIR-A radar image of the Pinacate Volcanic Field, showing Crater Elegante, and Tecolote
and Mayo cones
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GEOLOGY OF THE PINACATE VOLCANIC FIELD

by

James T. Gutmann

Department of Earth & Environmental Sciences
Wesleyan University, Middletown, Conn.

and

Michael F. Sheridan

Department of Geology
Arizona State University,
Tempe, Arizona

This 2% day trip will cross the international border into Mexico to
examine basaltic rocks in the northeastern part of the Pinacate field,
including cinder cones, a large collapse depression, and a tuff cone.
Participants should bring proof of U. S. citizenship, sleeping bags,
ponchos, canteens, and sturdy boots. We will camp out in the Sonoran
desert for two nights. The trip is moderately strenuous owing to locally

precipitous terrain.

INTRODUCTION

The Pinacate volcanic field is located in northwestern
Sonora, Mexico, near the northern end of the Gulf of
California. The field comprises 2,000 km? of basaltic
volcanic rocks. It is dominated topographically by the
Sierra Pinacate, a broad, composite volcanic pile in the
southern half of the field with a maximum elevation of
1,206 m. Many of these volcanic rocks evidently are of late
Pleistocene age, although others are deeply dissected by
erosion and may be considerably older. The field is
characterized by an abundance of cinder cones. Many of the
flows can be traced sourceward to a vent complex marked
by a cinder cone and recording a multi-stage eruptive
history involving alternating effusive and pyroclastic
activity. In addition, the field contains eight circular
collapse depressions and a partially collapsed tuff cone
(Cerro Colorado). The collapse depressions, which range
up to 1.7 km in diameter, are flat floored and have steep
walls exposing various sequences of flows, shallow
intrusions, and pyroclastic rocks. Many of these rocks
represent volcanic units pierced by the crater but otherwise
unrelated to it, whereas others were derived from vents
located within the area now occupied by the crater and some
clearly are part of the sequence of eruptions which
culminated in collapse and crater formation. All of the
collapse depressions are surrounded by units of tuff breccia
which form crater rim deposits. These pyroclastic rocks are
rich in vesicular, juvenile lapilli and ash. Some contain
abundant accidental ejecta derived from unconsolidated
sediment beneath the volcanic section. All contain
accessory blocks and smaller fragments of holocrystalline
basaltic rocks torn from vent walls during culminating
phreatomagmatic eruptions.

47

Primary depositional structures and textures of
pyroclastic-surge deposits are well displayed at Crater
Elegante and Cerro Colorado. The three principal bed
forms (sandwave, massive, and planar of Sheridan and
Updike, 1975) show a concentric distribution consistent
with the deflation model of emplacement described by
Wohletz and Sheridan (in press). These features contrast
with the avalanche-type bedding typical of cinder cones.

Cerro Colorado and six of the eight collapse depressions
are disposed along an arcuate path trending westward across
the northern part of the volcanic field (fig. 1). Ives (1936)
suggested that, prior to diversion by the lavas, the Sonoita
River flowed westward across what is now the northern part
of the field and discharged into the Gulf of California at
Pozo Caballo on Adair Bay. Jahns (1959) noted the general
correspondence between the arc of collapse depressions and
the ancient course of the Sonoita River and suggested that
the availability of groundwater was an important element in
the genesis of the tuff-breccia-forming eruptions. In
providing the first general geologic description of the large,
flat-floored depressions, Jahns (1959) pointed out that the
volumes of accessory ejecta in their associated tuff-breccia
units are much smaller than the volumes of the depressions
themselves and emphasized the importance of collapse in
their formation.

The majority of Pinacate lavas are relatively mafic
hawaiites with about 48 wt percent SiOz, 17 wt percent
A1203, 2.7 wt percent TiOz2, 5 wt percent MgO, 12 wt
percent total iron (as Fe:03), 9 wt percent CaO, 4 wt
percent Naz2Q, and 1.3 wt percent K2O. Small amounts of
normative nepheline are indicated in a few analyses. The
normative plagioclase generally is andesine although some
of the lavas contain normative labradorite and are alkali

Pinacate Field Guide, p. 15

..



PE——— e
e o = ————

= e o A T————

‘BIWIOjI{e)) JO JIN0 uo Aeg J1epY ‘7 ‘I9A1Y BIl0UO0E JO 25102 Juasaid ‘[{ 19181 UOOI ‘O] (381D SIYAS) apuein
191D ‘6 3NeI) BUNOW ‘8 321€1) [eSnogoe ‘L L191e1)) ofjiped ‘9 I91eID ouly ‘¢ ‘1981 BAR[3) ‘p ‘opriojo) oud)) ‘g ‘djueddg
13jI) ‘7 ‘ajedeuld BUAIG Jo ywwns ‘| ‘9 ojjody woij uayes ydesForoyd ySYN © Jo uoniod e st Sy, "pIoYy dluedjoA 3jBoRUL] ‘[ 2ind1g

48

= [ S-S S Gl s I, A

T -




basalts. The rocks are typified petrographically by
unusually large crystals of labradorite, olivine, augite, and
magnetite. The labradorite crystals are as much as 10 cm in
maximum dimension. The crystals of all four phases can
range continuously downward in size to small phenocrysts
and microphenocrysts. In thin section, many of the pheno-
crysts exhibit skeletal morphologies typical of rapid growth,
including individuals as much as 1 cm long. Many other
coarse crystals evidently have been resorbed.

Published studies in the Pinacate field include Jahns’
(1959) description of the collapse depressions and Ives’
(1964) summary paper on geographic aspects of the
Pinacate region. The volcanic field was mapped at a scale
of 1:62,500 by Donnelly (1974). Gutmann (1974)
described tubular fluid inclusion textures in the coarse
labradorite crystals and Gutmann and Martin (1976)
described the crystal chemistry, unit cell parameters, and
Al-Si ordering of these materials. Arvidson and Mutch
(1974) discussed sedimentary pattems in and around five of
the collapse depressions and Bull (1974) described playa
processes within two of them. Wood (1974) reported the
results of geophysical surveys across four of them and
Gutmann (1976) described the geology of Crater Elegante.
Gutmann (1977) discussed the textures and genesis of the
phenocrysts and megacrysts in Pinacate lavas. Gutmann ( in
prep.) describes the cyclic eruptive behavior at Pinacate
cinder cones and discusses controls of their activity.
Wohletz and Sheridan (in press) develop a model for
emplacement of pyroclastic-surge deposits using as an
example the tuff breccia at Crater Elegante.
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ROAD LOG AND STOP GUIDE

MILES

Interval Total

1st DAY (Leave Tempe, Ariz., at noon).

0.0 0.0 Corner of Rural Road and Apache
Boulevard, Tempe. Head south on Rural
Road to the Superstition Freeway on-ramp.
Take the Superstition Freeway west to
Interstate 10.

49 4.9 Junction Interstate 10. Take Interstate 10

- south toward Tucson.

8.0 12.9 Maricopa exit. Take the interstate off-ramp
south to Maricopa.

16.8 29.7 Townof Maricopa.

13.0 42.7 Junction Arizona 84. Turn west toward Gila
Bend.

6.1 48.8 Junction Interstate 8. Keep west toward Gila
Bend.

404 89.2 GilaBend. Take the Interstate 8 off-ramp for
Arizona 85 south toward Ajo.

40.6 129.8 Ajo.

13.5 143.3 Why. Bear south on Arizona 85.

28.2 1715 International border at Lukeville. Be pre-
pared to obtain Mexican tourist permit to
visit Parque Natural del Pinacate. Valid
proof of U.S. citizenship is needed (birth
certificate, passport, oOrf voter registration
card).

20 173.5 Town of Sonoita. Bear right (west) on
Mexico Rte. 2 toward San Luis.

31.6 205.1 Bear left on dirt road at sign marking
entrance to Parque Natural del Pinacate (a
unit of the Mexican counterpart of the U.S.
National Park system).

3.8 208.9 Bear right (west) on dirt road.

6.0 2149 Road junction. Continue straight ahead (stay
right).

0.4 2153 STOP 1. Steep front of an aa flow. Most

Pinacate flows are aa flows with extremely
rough surfaces. This flow emerged from a
breach in the large (150 m high), young cone
to the west. It overlies ejecta from that cone;
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Figure 2. Sketch map of Crater Ele-
gante. Major units indicated by key.
Stops for DAY 2 given by numerals.
(Modified from Gutmann, 1976.)

these ejecta also occur resting on the flow as
scattered masses of cinder derived and rafted
from the breach in the wall of the cone. Pale
yellow, gem-quality labradorite megapheno-
crysts up to 5 cm long occur sparingly in this
flow and in cinders near the vent.

Road junction. Continue straight ahead.
Road junction. Camp here.

2.8 218.1
09 219.0

2nd DAY

Walk the road 1 km up to the rim of Crater Elegante.

Figure 2 shows stops for today and a general plan view of
the crater and environs.
STOP 1. Crater Elegante is 1.6 km in diameter and 244 m
deep. The stratigraphic record revealed in its walls includes
four major parts (see Gutmann (1976) for details). The
oldest exposed rocks are flows of mafic hawaiite, many of
which evidently originated at the cinder cone immediately
south of the crater, both preceding and accompanying
pyroclastic eruptions there. Erosional dissection of this
cone prior to deposition on it of Elegante tuff breccia
suggests that it is considerably older than Crater Elegante.

Resting on these old flows is a cinder cone, the vent for
which lay in the southeastern part of what is now the crater.
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Topographic Features

Day 2 Stopsl-9

P ~ Playa

Al - Alluvium

t - Talus
dt - Daita deposits

b - Tu!t breccia

1t~ Foundered tuft breccia
cc-Cinder cones

bf - Basait tlows

€T Crateraim

This ‘“‘gray cinder’” cone is displayed in cross section in the
crater walls (fig. 3); it was breached !0 the southeast
following emplacement of sills within the cone structure
and along its base south of the vent. Renewed eruptions
from essentially the same vent then produced cinder units
(“‘brown cinders’’), flows, and dikes, all of which are
especially rich in phenocrysts.

Cinder eruptions occurred next from a vent in the
southern part of what is now the crater; these were
immediately preceded by a flow that baked the base of the
overlying cinder section locally.

Finally, a flow was erupted from a vent probably located
near or somewhat northeast of the center of the crater.
Minor cinder eruptions may have followed this flow but the
nature of eruptions changed quickly as groundwater gained
access to the vent and magma column. The ensuing
phreatomagmatic eruptions gave rise to the unit of tuff
breccia that forms the crater’s rim beds. This unit is as
much as 70 m thick in the northeastern parts of the rim. Its
chief constituents, listed in order of decreasing abundance
at the rim, are vesicular pellets of glassy, juvenile ash rich
in tiny crystals, accessory blocks and smaller fragments of
holocrystalline basalt torn from vent walls, and
quartzofeldspathic sand, silt, and clay of accidental origin.
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Accessory ejecta decrease rapidly in abundance with
distance from the crater rim, while the abundance of
accidental ejecta increases in the same direction. An upper
limit on the amount of accessory debris deposited outside
the crater indicates that the diameter of the vent piercing the
volcanic section was not greater than 672 m and may have
been considerably less. A vent of this size implies the
former existence of a tuff breccia cone over much of the site
of the present crater. The large hill apparent on the crater
floor consists of tuff breccia and probably represents the
upper parts of this vanished cone. Crater Elegante formed
chiefly by wholesale collapse when the volcanic edifice
subsided into a phreatomagmatic explosion chamber
developed within fine-grained sediment beneath the section
of volcanic rocks.

Proceed counterclockwise around the crater rim to a point
due north from the center of the crater.

Descend to the base of the rim bed section. WATCH YOUR
FOOTING AT BRINK OF CLIFFS.

STOP 2. Contact of tuff breccia with underlying flow. This
flow was mobile when the tuff breccia was deposited on it

and flowed in response to differential loading with tuff.
~ Flow-top breccia is largely absent here but present nearby to
east and west. Note the wavelike bulge of the flow top with
crest subparallel to the crater rim, the curious ‘‘sharktooth”’
texture of the upper surface of the flow here, the dike
originating within the flow and cutting the overlying tuff,
the contact effects on the tuff adjacent to this dike, and the
folds and faults within the lower 10 m of the tuff breccia
section. Note also scattered small xenoliths and xenocrysts
of quartzofeldspathic debris in the flow. Such accidental
inclusions are rare in Pinacate flows. Their presence here
indicates admixture of sediment within the magma column
somewhat prior to the onset of phreatomagmatic eruptions.

Return to the crater rim. Proceed clockwise around the
rim to a point on bearing 63° from the center of the crater.
Descend toward the base of the rim bed section.

STOP 3. The descent route traverses a well-exposed
section of the tuff breccia. Note the gray unit of lapilli tuff
about half way down through the section; this unit is
relatively poor in ash and accidental ejecta but unusually
rich in frothy juvenile lapilli, as if the supply of meteoric
water and sediment temporarily diminished during the
culminating eruptions. Excellent exposures of tuff breccia
occur further down the slope. Note the lens of coarse
breccia at the base of the section here. This breccia is rich in
accessory blocks and juvenile lapilli but poor in ash; it
evidently represents early, vent-clearing explosions
consequent upon initial access of abundant meteoric water
to the magma column.

Descend through the underlying cinder section to the
edge of the cliffs. The massive buttress to the north is an

intrusion petrographically related to the brown cinders and
probably emplaced laterally through the cinder section from
a source to the south.

Traverse left (south) about 200 m along the base of the
gray cinder section to a prominent vertical dike.

STOP 4. Lowermost parts of a composite dike of
porphyritic basalt cutting the gray cinders. Both the keel
and the crest of this dike are exposed. Its crest is grossly
horizontal and extends northward more than 100 meters to
the top of the section of gray and brown cinders. There the
dike fed a small flow upon which the tuff breccia was
deposited. Presence of the keel and attitude of the crest
indicate that the dike was emplaced horizontally through the
cinder section from a source to the south near or coinciding
with the vent of the gray and brown cinders.

The dike here comprises several pairs of narrow, vertical
zones symmetrically disposed about its core and recording
the passage and chilling of successive pulses of magma.
The core of the dike is occupied by an intrusion of chilled,
porphyritic basalt which widens upward in the dike. Note
the increase in size and abundance of the coarse labradorite
megaphenocrysts inward to a zone especially rich in these
as well as in small xenoliths and pea-sized crystals of
olivine. This inward increase suggests flowage differentia-
tion. At the same time, the groundmass of the dike is
depleted in plagioclase relative to that of nearly aphyric
Pinacate lavas such that the entire intrusion is not
significantly enriched in plagioclase. The numerous giant
labradorite crystals evidently formed from the liquid whose
other solid products now enclose them and are truly
phenocrysts. Please refrain from sampling the dike at this
locality.

Also well exposed here are the lower parts of the gray
cinder section. The tan layers within this section contain
quartzofeldspathic sand and silt of accidental origin together
with abundant juvenile ash and lapilli. The juvenile
constituents are highly vesicular glass with numerous tiny
crystals and some are slightly palagonitized. These
tuffaceous layers evidently represent phreatomagmatic
interaction between wet sediment and briskly vesiculating
magma in the conduit. Implied breaches, periodically
reopened in the conduit walls during the early phases of
cinder eruption, must have been sealed or failed to provide
copious amounts of meteoric water, however, for ash and
accidental ejecta are largely absent from the bulk of the gray
cinder section.

LUNCH STOP. Some may wish to traverse south along the
base of the gray cinder section toward the vent region.
Descent to the talus slope rising from the floor of the crater
is easy near the vent and affords access to a thick dike.that
fed a laterally extensive, shallow intrusion emplaced within
the lowermost parts of the gray cinder pile (Devil's
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Figure 3. Geologic relationships exposed in southeastern walls of Crater Elegante as seen from the center of the crater floor. Numbers
along the top of the figure give azimuths from center of crater. No vertical exaggeration. 1b: and Ibs—Ilower basalt flows; gc—gray
cinders; gi—gray intrusions; bc—brown cinders; bdf—dikes and flows associated with brown cinders; rdc—ribbon dike cinders;
rds—ribbon dike and sill; dp—Devil's Pitchfork intrusion and associated flows; ygc—younger gray cinders; tb—tuff breccia;

t—talus.

Pitchfork of fig. 3). Others may wish to traverse about 100
meters southward and descend over the flows and down
over talus to the crater floor. Noteworthy features of the
crater floor include the foundered mass of tuff breccia,
topset and foreset deposits in a lake that formerly occupied
the crater to a maximum depth of about 60 m, and large oval
subsidence pits and linear depressions within the playa.

Return northward 50 m from the keel of the dike and
ascend the gully to the upper parts of the dike.

STOP 5. The thin crestal parts of this dike contain sheetlike
gas cavities at the core. These megavesicles are a few cm
wide but can be a few meters in vertical dimension or
parallel to strike of the dike. THey probably represent
accumulation of gas in the upper parts of the intrusion. Note
the *“drips’’ of magma on exposed walls of the gas cavities.
These drips consist of porphyritic basalt that was too
viscous to flow to the bottoms of the sheetlike voids.

Ascend southward to the crest of the dike. Note
bifurcations of the dike.

STOP 6. The crest of the dike here lies just below the top
of the gray cinder section. The overlying section of brown
cinders contains scattered, subhedral to euhedral, single
crystals of labradorite as much as 5 cm long. Euhedral
phenocrysts of olivine and magnetite a few mm across also
occur in this unit, as do augite crystals up to 3 cm in
maximum dimension.

Ascend to the crater rim and proceed clockwise around
the rim. The scallop-shaped depression in the southeastern
rim of the crater reflects breachment of the gray cinder cone
through its eastern flank as well as several subsequent
events. Tumuli of the breaching flow are apparent on the
flats to the east. Continue around the rim to a point on
bearing 168° from the center of the crater. Descend through
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the tuff breccia section and younger gray cinders to the top
of the highest flow.

STOP 7. Contact of younger gray cinders on a flow. The
younger gray cinders attain maximum thickness in this re-
gion. The cinder layers dip gently southward and dips
increase upward in the section to as much as 13° near the
top. The vent evidently was located in the southern part of
the area now occupied by the crater. The phenocryst
assemblage in the cinders is identical to that of the
underlying flow, which rests on gray and traces of brown
cinders with very different phenocryst assemblages. Where
flow-top breccia separates the flow from the overlying
younger gray cinders, the lowermost few meters of these
cinders are faintly pinkish. Where flow-top breccia is
absent, as at this locality, the basal cinders are oxidized and
indurated to form a resistant, red cinder ledge a few tens of
cm thick. These cinders were baked by the underlying flow,
which must have immediately preceded them, presumably
from the same vent. This represents the third instance at
Crater Elegante wherein a flow preceded initiation of
pyroclastic eruptions.

Return to crater rim and walk eastward back along the
rim to a point on bearing about 145° from the center of the
crater.

STOPS 8 and 9. Outcrops of tuff breccia surrounding
Elegante Crater extend slightly less than one crater diameter
from the present rim, where they range from 40 to 70 m in
thickness. Their dips range from nil to 2° for distal beds to
about 15° outward at the crest of the rim. These beds are
characteristic of pyroclastic-surge deposits, features that are
becoming much more widely recognized and better
understood.

Radial dissection of the rim beds provides excellent
exposures of pyroclastic surge deposits south of the crater.
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Figure 4 shows a plane table topographic map of the
southern portion of the tuff deposits with the location of 30
measured sections. We will proceed down one of the south-
trending gullies to observe the primary structures as well as
the lateral and vertical variation of the deposits.

There are three principal bed forms in pyroclastic surge
deposits (Sheridan and Updike, 1975): 1) sandwave, 2)
massive, and 3) planar. Particles deposited in a sandwave
bed were transported by saltation or dilute suspension in a
surge blast. Massive beds were emplaced as a relatively
dense suspension of particles with a bulk void fraction of
0.6 to 0.9. Planar beds represent yet more dense, only
slightly dilated, traction carpets with a void fraction of less
than 0.6. Complete transition occurs between bedding
types, and outcrops may show one bedform that grades into
another.

Three measured sections illustrate the variation of
structure with distance from the rim (fig. 5). Sections 1B,
1E, and 1H are located 100 m, 225 m, and 525 m
respectively from the present crater rim. The proximal
section (1B) is dominated by sandwave beds, the medial
section (1E) by all three bed-form types, and the distal
section (1H) by planar beds. Using a Markov technique,
Wohletz and Sheridan (in press) defined surge facies for
every measured section. The boundaries of these three
facies (sandwave, massive, and planar) are shown on figure
4. The pattern of facies distribution is similar for all
pyroclastic-surge deposits studied: the sandwave facies is
proximal, the massive facies medial, and the planar facies
distal.

The data from three groups of spatially related, measured
sections were used to reconstruct the generalized surge
cloud as a function of distance from the present rim. Figure
6 shows the reconstructed cloud for Elegante surges at the
southern part of the crater. This construction requires an
assumption of void space during flow for each bed-form
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type in order to expand the measured section to flow
heights. Obviously the surge clouds collapse or deflate with
distance, giving rise to a deflation model of surge transport
(Wohletz and Sheridan, in press).

Field and experimental evidence support the assumed
flow densities. A good example of the type of exposure that
allows flow density calculation is near station SF (fig. 7).
Here an accessory block in a massive bed occurs with
relationship to bedding such that the bed around it must
have deflated after coming to rest. The thickness of the
flowing bed (h) was somewhat more than 31 cm and the
present thickness (hp) is 24 cm. The density of the flowing
bed relative to the present bed, given by hp/h:, is 0.77. The
void fraction (®) is given by the equation below:

o= PP o~ _P
Pr Pr
where pp is the particle density and ps is the bulk density.
Assuming a particle density of 3.0 gr/cc and a rest bulk
density of 1.2 gr/cc, the bulk density of the flow was 0.92
gr/cc and the void fraction (®) is then 0.69. Other values
from outcrop data as well as experimental data from
fluidized systems yield void fractions for massive beds from
0.6t00.9.

The planar beds are analogous to the grain dispersion
flows that commonly produce inverse grading. Their void
fraction of 0.6 is that which will just allow the dilation of
beds so that they flow down slope. A sandwave void
fraction of greater than 0.9 is taken from the results of wind
tunnel experiments in which grains saltate or travel in a
dilute suspension.

In making the radial traverse you should see lateral and
vertical transition from sandwave to massive and from
massive to planar types. Planar to sandwave or sandwave to
planar transitions are rare.

Other structures also occur here. Because the massive
beds are deposited in a near-fluidized, inflated condition,
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Figure 4. Facies map of Elegante sur
(8), Massive (M),

Fig. 2.

they show many soft-sediment types of structural features,
such as slump and flame structures, and bedding sags due to
ballistic impact of blocks.

MILES
Interval Total
09 09
30 3.9
6.0 99
0.2 10.1

3rd DAY

Return eastward, retracing route of Ist day.
Road junction. Continue straight ahead.
Road junction. Continue straight ahead (stay
left).

Junction with major road connecting Rte. 2
with quarry at cinder cone. Bear right
(south).

Gate (normally locked) at entrance to quarry
workings in young cinder cone. Cinders are
mined here for construction and decorative
purposes. Drive through the gate and around

to the quarry.
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ge deposits. Locations of 30 measured sections given by bold alphanumeric characters. Sandwave
and Planar (P) facies indicated by bold capital letters. Contours give relative elevation. Location of this figure given in

STOP 1. This is one of the youngest cones
in the Pinacate field. An unusual and
particularly noteworthy feature of the
eruptive history of Pinacate cinder cones is
the eruption of flows from the vent prior to
building of the cone. Although it cannot be
demonstrated at this locality, exposures of
the volcanic stratigraphy in the steep walls of
several of the collapse depressions show that
lava flows were the initial eruptive products
at many Pinacate cinder cone vents.
Exposures at this particular locality provide
evidence that cinder eruptions ensued while
the basal flow still was both hot and mobile.
This flow, mantled with cinder, is exposed
south of the cone. The lapilli are welded to
the top of the flow locally and the lowermost
parts of the cinder section are reddened and
oxidized where they rest on the basal flow.
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Figure 7. Compaction of massive bed due to degassing. The void
fraction during flow for this bed is 0.77.

Figure 5. Measured sections of typical sandwave (E-1B), massive
(E-1E) and planar facies (E-1H). Section locations shown in Fig. 4.

CRATER ELEGANTE

Figure 6. Deflation model of cumula-
tive Elegante surge cloud. Data com-
piled from sections averaged over
intervals of 0-300 m, 300-600 m and
greater than 600 m. Cloud height cal-
culated from assumed voidage ratios of
0.95 for sandwave beds, 0.75 for mas-
sive beds and 0.60 for planar beds.
Distance measured from present rim.
From Wohletz and Sheridan (in press).
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The exposed parts of a small, dome-like
hummock a few meters high immediately
south of the cone comprise oxidized and
indurated lapilli, probably very near the base
of the cinder section, which were baked by
the underlying flow. Dips of the cindery
layers in the sides of this anticlinal hillock
attain at least 65° and reflect folding of the
cinders during development of a tumulus on
the moving flow beneath. Exposures in the
walls of the cinder quarry in April, 1976,
revealed that normal faults cut the layering
of at least 12 m of the lower parts of the
cinder section in the flank of the cone (fig.
8). The strike of these faults appeared
roughly perpendicular to the flow direction
of the underlying basal flow and the faults
dipped steeply away from the vent region.
Thus, the side away from the vent was the
downthrown side. The throw of the faults

was as much as 1 m. These structural
features indicate that the flow still was
mobile after a substantial portion of the
pyroclastic section had been deposited upon
it. Continued motion of the basal flow away
from the vent probably reflects differential
loading of the molten layer by the cinder
pile. Mobility of the flow is reasonable in
light of the rapidity with which cinder cones
can be built and the efficacy of insulation of
the flow by the overlying cinders.

The summit of this small cone, which is
about 80 m high, affords a good view of the
tuff cone of Cerro Colorado to the east-
southeast and of the northeastern marginal
parts of the volcanic field. The cinder cone is
breached to the north. A breaching flow,
which moved southward around the cone,
rafted numerous, very large masses of cinder
from the breach. Nearly all Pinacate cinder

Figure 8. Normal faults cutting lower parts of the cinder section in the flank of the cone at STOP 1, 3rd day. The level crest of the vertical
wall of the quarry here is about 9 m above the adjacent quarry floor.
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cones are breached in similar fashion. At
several localities, vertical dikes extending
radially outward from the vent cut the lower
half to three quarters of the cinder section
and suggest that magma welled up to high
elevations within the cinder cone structure
prior to breachment. Abrupt truncation of
the cinder layers in the walls of the breach
commonly indicates removal of rafted
masses of cinder when the wall of the cone
finally failed owing to outward pressure
from the contained lava lake. At some
localities, cinder layers wrap down into the
breach, as if this opening was maintained by
continued or periodic flowage from the vent
during pyroclastic eruptions. However, in
many instances upwelling of magma
occurred following the close of pyroclastic
eruptions which had built an unbreached
cone. Breachment may have attended
development of fluid pressure in the
contained lava lake sufficient to lift the
surrounding cinder walls and give rise to sills
at the base of the cone structure.

Return to cars. Cars return to gate. Re-
sume road log mileage at gate.
Bear right (east) on dirt road.
Road junction. Bear right (south).
Road junction. Fork left.
Cerro Colorado. Park cars and walk east to
the highest point on the north rim of the
crater for lunch.

STOP 2. The crater of Cerro Colorado is
about 1,000 m in mean diameter and its floor
is more than 110 m below the highest point
on the rim of the tuff cone. In the western
wall of the crater, the tuff rests on a flow
from an unknown source to the west; at the
foot of the northern and eastern walls,
exposures of the basal contact show that the
tuff rests here on pinkish tan mudstone that
probably represents playa deposits. The
eruptive history of Cerro Colorado involved
several episodes of phreatomagmatic
eruption and deposition of tuff punctuated by
at least two episodes of collapse wherein the
inner walls of the tuff cone slumped into a
vent. The multilobate form of the crater in
plan view suggests the existence of three
and perhaps four centers of eruption and
subsequent collapse (fig. 9). Although the
age of the crater is not known, the presence
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of Hohokam potsherds on erosion surfaces
bevelling the tuff deposits indicates that
Cerro Colorado is at least 1,000 years old
and supports an age more on the order of
10,000 years (Shakel and Harris, 1972).

Cerro Colorado is different from Crater
Flegante in many respects. The tuff beds
near the high point of the crater rim dip much
more steeply (20-25°) than those of
Elegante. These beds are much thicker and
in many places the original crater rim is
preserved. Indeed, individual beds can be
traced from the crater floor up and over the
rim to the distal outer flanks where they are
buried by alluvium.

The tuff of Cerro Colorado is rich in ves-
icular, slightly palagonitized, juvenile lapilli
and ash together with very abundant acciden-
tal ejecta consisting of quartzofeldspathic
sand and gravel. Accretionary lapilli are
common, especially within the youngest unit
of tuff, which underlies the rim of the crater
here on its northern side. Note the remark-
able lateral continuity of these tuff layers.
Many of the uppermost beds are normally
graded suggesting an airfall prigin for these
layers.

Return toward cars and thence to outer
slopes of the tuff cone south of the cars.

STOP 3. Surface features of the proximal
pyroclastic surge beds. Ejecta in surge beds
at this location were blasted up over a
collapsed crater rim from the small vent to
the southeast. Near the rim, the beds are
even and flat, but within about 15 m from the
present rim, longitudinal wave forms appear
(fig. 10). The longitudinal dunes continue
for about 30 m down slope where they give
way to a broad, arching transverse dune.
Small-scale features, such as ripple marks on
the longitudinal dunes, are remarkably
well-preserved. These longitudinal dunes
have a wave length of about 6 m and a wave:
height of 50 cm, yielding a height-to-length
ratio of 1:12. Such features have not been
previously described at any other volcano,
although radial gullies are common.

Blanketing the dune horizon are
normally-graded, pyroclastic-fall beds. This
good marker horizon is locally stripped
away.

If time permits we will proceed to the cra-
ter floor.

e




Figure 9. Sketch map of Cerro Col-
orado. Major units indicated by key.
Stops for day 3 given by numerals.
(Simplified from Jahns, 1959.)

CERRO COLORADO

P - Playa

Al = Aliuvium
tb = Tuff flow
bf ~ Basait flow
V - Vent
oddé «Crater rim
0 500 1000m
| i | 1 I 1 I ]

STOP 4. Inward dipping beds. Associated
with the several vents are inward-dipping
beds whose bedding planes define portions
of downward-pointing funnels. The funnel-
like structures converge toward an apex that
marks the vent location. These beds appar-
ently represent an explosive phase of erup-
tion following collapse. Vertical crater walls
are unconformably overlain by these in-
ward-dipping beds. In a few places, collapse
cut the inward dipping beds.

One of the most remarkable features of
these beds are the giant sandwave bedforms

0.4
0.3
3.1
3.8

31.6

2.0

14.5
14.8
17.9
21.7

53.3

55.3
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that make colossal climbing ripples. These
forms are best seen in the vincinity of STOP
4 in figure 9.

Return to cars and to Tempe.
Road junction. Bear right.
Road junction. Fork left.
Road junction. Bear right.
Junction with Mexico Rte. 2. Turn right
(east).
Town of Sonoyta. Turn left toward interna-
tional border.
International border at Lukeville, Arizona.
Return to Tempe.
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NORTH WEST SIDE, CERRO COLORADO
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Figure 10. Map of radial dunes at Cerro Colorado. Location of diagram shown in Fig. 9. Contour elevations are relative. Lined and
stippled patterns both show air-fall deposits that rest on surge beds. Dune crests indicated by lines with small arrows.
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Volcanic Structures and Alkaline Rocks
in the Pinacate Volcanic Field of Sonora, Mexico

Daniel J. Lymch LI
Laboratary of Laotope GedchenmlsTey
Department of leosclences
Hniversity of Arizona
Tucecn, Arizona B5/El

INTEALUCTICN

Pinmoabs is o typisal contirental alkali Lazalt
pinder—cone Eield {Figure 1) that hee an exceptionally
diverse ssaesblage of wolosnic landforms. Two alxznalic
rock geries maka up the Field; one conacitutes thae Dore
than 530 Pinscete monogonetic valcanoes and the chhas
forms bhe Santa Clara sasposite velosnic mowntain. The
purpase of this [ield trip is to exsmdine sone of tha
landForme and stcructures and the rocks of whizh they
ace sade, The fiest full day encails & sligh ta Che
top of tha Santa Cleea trachyts ghicld woleano for a
vigw of the enpire voleanic field swd the surreunding
degere, The sacand day invelvas transik £ Grater
Elegonte nasr voloans snd & hike part way inea ZEs
intesice where permally hidden woloanic features sace
expased in Ehe walls, Day Ehres will include wisits Efo
the intriguing Tecolote sinder come and 20 the Garro
talerada tuff cona,

Volcanees hawe besn active sporedically heare Eor the
post -3 million years {Llyneh, 14811, Senca Claza rock
eges ranpe from 1.7 + 0.1 ko 1.1 + d.1 Ha; wolcanienm an
tha shield is extinckt., The Fipscsta monogermis
basslo-hawaiite volcanism began earliss than 1.2 Ha and
is only deemant. Wolcanism in Piracate has boen coevil
with genmeration of ses-floor basalb at spreading cen=
tecs im Eha nearhy Guif of Californda, but chere ig no
abwicus link between thes,

Tha rooks of ¥olcan Santa Clara sasatitube an
antire slkeline diffesenciacisn aerics. Basalt, hawai-
ite, nugearite, bermoreits, and Soachyte ccaue in that
serabigzaphic order, Conpesitions of elivine, clina-
pFEoxens, Ti-magnebibe, and plagicelase found in gabbra
nodules deedged up by Pinacatbe cinder-cong erupkions on
the Sants Clara sasedb can be gubtracted in nogma=
nixing programs bo shew the pessibla derivatien of the
spccppive rock conpositicns,

Sants Clars appesrs Lo have bwan deciwed [rom o
largs beceh of mopma as it differentisced mainly by
fracticnal eryscallizacicn, prodecing & garies of
aruptions threugh a centzal conduit syscen. The magma
body was bapped ab vwerious stages in iks hiastory Ea
yinld the Spnca Clars zecica of alkaline rocks in
nearly ideel scratigeaphio oodaer.

Bnzalts amd hawpiites of Che Pinacate manegenetic
volcanoes mantle mosc of Sanca Claca and extend fut
into the seerounding desert, Tha Finagaka rocks ate
Eypically pocphyriticy meny contain consplouanaly large
megacryeca of Llabradocite, augice, and alivine. Thaic
compositicns form Eighter groupisgs on variabion

Lymch and Gutmang
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dingrenms [(Figure 1} than de thosc of the Santa flara
cocks. Esch PLnscate Sone m8y represent acupcian Eres
ore oF huendreds of disorete, small sagso bopdies chat
formed at differens times and places beneath Ene Eield,
Pinacate lacks well-defined cama-graup alipnnents.
Alshough the lomg axis of tha Fipld iz nocth=gouth ard
she majority of eruptive cenbecs lie within 3 bm sithar
side of this axia, come placenent SpReass oo ha random,

PINACATE FROM EASTH ORBIT.
apar "P" #=¢ rocks of Volsar Sanca Clata.
Flaw, H= Mogn Grotec, F- Pinscala Ezak, RC- Bed Cane
Canp, E- Crater Elegante, TG= Tecoloete, COC- Cerco

FIGURE 1. Lighter tones

I- Twes

celorade, TS- Tesontls, HO- HecDowgal Haar. Heeth
arraw ia LT km long. Teage cpucbasy HASA.
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FIGURE 2. ALEALI-SELICA DIACRAH OF PINACATE YOLCANIC

FIELD ROCKS. Long dashes surround che compositional

field of Santa Slora rocks, shost dashes enclase rocks
of Firmcate monopenetic volesnces. Rosk napes fran
LeBas and obhecs (1%86), data fran L¥nch (1%L and
ufpalz, 1, zome Finacete analyges From Dacselly (19747,

ACCESS TO PINACATE

Thie field Erip will depact Fhoendix lake in tha
afternoon and Tost of che drive ta camp will be in the
dack. This rond leg idencilying Featuras BeEween
Senoyta and Red fone Comp {Figure 3} iz Far lacer
users. FResd-log dizcances are 4m niles.

0.0 Highway 2 bridge ower Rio de Senavea. Check in
With the ramngee Before Eaking Re. 2 o Pinscace.

£1.1 The Sierca CEpeisno on che Left is sonpazed of a
lewcogranice apophwsis oF the bathelieh in =he
c2etinl gunnecy ronge of souchwssatesn Arizonn, Rocks
eallected at this sdte and in varlous acher parts of
the bachalith yield K—dz ages accund 53 Ya (Shafi-
quilab and cchers, L9803, an age of inteusion core-
raboraced by Ab-5r isackeans {Damaon, unpuab 1.

13,0 The shiald 2 Volcar Sanea Clara ig st 2 o'elack,

1.4 Hoeeh end of che Sierra da San Franciaes, The
dunes on both sides of the cond here sontain acolins
dust Fran the for aide of Pinacace, stabilized by
defect planca.

25.4 Fosd Eo Hicro-andas San Pedro.
Elow haa &n sge of 12.6 = 0.3 Ha,

The uppermast

1.3 Bio de Sonoybs = I bridges. Tha river CoCUpiad &
#ell-defined chonrwl norch of hece but sprasds inka
i zeries of papstonosing distribucaries ta the
f-a Tk i

1.8 Ejide Mayarit amd Ejide Los Hoccenos. Tha &Eri-
cultuca that supparts chese cammunitics ease af
Pinscate dopeénds on watar pumped franm deep walls din
the sedinent of Che walleys, The paved road goss on
£ Puerto Pafiesgn. Turn pecth anto che dict "Easc
Side” ramd., This rond connecta wich llighway 2 =&
“El Pinacate® 30 miles west of Scnoyts,

32,1 Poad fark, kear lofe,

g

el FIGURE 3. EAST PINACATE ACCESS wyn

3.5 Duterop of Mid-Tertiary hasale possibly contanm-
poranecus with the basol: af Micro=andaz San Pedro.
‘Dinz Wash,® the main drainage for norcheastecn

Fimacate, lies st its western end.
Jedna wich Rdo de Somoytn,

Thix wash naver

335.7 Crosa the wash.

3.8 Sumnit rend intecseerticn, Eurn west, Doive
dirgcetly Eoward che nountain: do aok naks any major
Eagns uncil you are on & lavs surface.

#5,3 West odge of basalt flow desigoated #452 con
Donnelly's (137&] geslepic map.

38,5 Moad incerseccdon st & large fromwsed Eree: tuen
zight, up the wash. The zoad Follews segnents of
wigh Erom hera £o the lava Flaw, and 46 can be wiped
Gut by henvy runaff, Tt may be necessacy to walk bo
tha lava flow on the norch, find the read there, asd
backtrack to wiur waRiclpe.

15.9 Edge of che lava nozch of che wash,
0.0 Cross & deep, possibly saft, S-o-wide wash.

46.6 Red Cone, Che base cemp, An alluwial Fan of
Carnegie cinder hera prevides o ecmfortsble plage Eo
dleep. Bcranble cp the cone ar the Flov edge to see
8 cpectacular pancTamn; Che best cime iz just aftar
suntiga,. Pinacace Pesk can'tc be seen From CAAR,

Bl L b e =T T e e R TP 18]

DAY 1 - HIKE T¢ THE SUHKIT

Finocacs Fesk, a cinder cone on the top of Volsan
Santa Clara, cem be resashed in abous 5 hours [ram Red
Cong Canp. Direct hdking discsnce is & kn with a total
elevation gain of THO @ (2500 fo) fe=am the campaibe Lo
Lhe zummit. This direct route, which passes many ke
subtcrops of the Santa Claca cock serdies, is almoat
entirgly on lavas ond cinder of cha young Carmapis
valzdrg. The ke is not easy; most steap hillslopes
are loose &cft cinder and meny slabs an che young lava
durfaces are precaricusly balonced., WARNING: 2 Idters
4f water may bBe barely engugh if che day gets hotl

Clink up the rosd ramp in che clifF abave the £an,
Colisw the rood sbout 50 m, cross che wash, apd climb
south ente the odge of the lava Flow, Find a cone
venigat place ca wiew the flank of the nountain,

Lynch and Guimann
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FIGURE &.
."“‘"“"' sasr and weskt Slanks of the mouncain.
| photegraphs by LI L.

EAST FLAME TAHORAMA. A slape Eroak betwean

Srop L

Twge major &lements af Pinacate geolopy arae abvious

[Figuzi 4]1i the anield mapslf of Wolean anta Claza,

| aral The young laves and ctephza feom Carnegis cons, Ehe

higheat podnkt an the horizomn.
The canp at Red Conc i@ oa "Lower Santa clara,
which extends fTem Lhe dgsere floar ac 1ite=m aleicude
to the slope bresk ahesd at 200 m. Ifs slopes cons
stituce a pledmont TO the stesper and BoTe daeply
Jigpsesced Upper Sauta Clara, Samga Chara flow umits
dip less Chan 10", a principal characgeriscic af the
prachyce ehield wolesno CFRE {Mebb and Weaver. 1576 ).
pote Ehe diffioslry gf tracing indivldual Tosk units
acress the face of Che moungaln feom ridge to ridge.
The sane deep erosicn that prasently cubs Lhe miune
caln Flanks exiated during kha construstion af Santa
Claca; laves flowed dpyn aanyond, creating geometri-
cally comples cOnbscts petwesn onits. &S B1 exasple, A
prachybe of 1.10 & 0.03 Rb az® grope cut on khe piac=
ont. in the Foregeound, topagraphicnlly belaw sutaraps
£ Ehe oldest axpodad neEORCE of Ehe saries.

o A TR A
._u’&:ﬂ-.-. e

e,
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FIGURE 5. SIERED PHOTOGRATH OF THE EAST FLAHE.
vants an Ehe Lusbales WooH Fisaurs, C- cornapie,

Lyl anid Crupmama

nyawpr” ard upper”
"TI® rusbecs ard

Fe Pinncabse Paeak.
FJ= pahoshas Juagle,
pHscribucion of simdar araund Ene gupmit ares, includirg the KHE feathee,

Zants Cloca & Foreground]
From Donmelly®s C10TR] geslopic ndp.

GECUTE B0
Deown Erom

Erosion appesrs So be alow. fhe mountain flank bo
pha south ig covered with [onmelly' s unit 41, 8 Tasalt
af (8T £ 003 Ma age LFLEuERS = and ). The Copags
caphy beseath this Tlow {3 preserved and has not
shanged in tEhab congiderable period of time.

Carnpgie woleana aibs abop rhe western and &f o
4 km-larg, H70H Eiasucs. the saweee of sevezal basalb
flaws. The ssbensivé cinder Blanket that covets =L
gurnil platform snd axtondd down the porthaen and
pascern flanks of Janta Clars appears ba have
originaked 2t Carnegie (Figure 5. The thees Elows
phat axcruded sfres the gain cone-building phase al
peuption crodd thia cinder and acs not sovered by At
Thess [lows hawe both aa and pakochos sucface shoues
Eures khat are dugecibad at the next Faw stopd.

The relatianahips DebWwaen Flow upibs zhown in Figure
5 ars complex. The poungedl rocks are the darkesb.

Tha Flow Ercm the spahgalwe Jungle® vent (Step 2) farms
the pEONArMnT weoad lewa fall on The Flank [l=£C]l. A
gaparats dark Elow axeends cur Erom the south of Lova
foll Ganyen im che distanse lawe nexc goall. These WO
rlow enits coaleazed on the pledeont and poused inco

TW- Trachyte Wail, B- Brmillas, L-1:2.3 =
LEC- Lava Fall Canyar, RCC- Ked Coma Camp.
is obyigus. MNeocth arTos 48 2 km longs

ALY
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FIGURE &. SOUTHEAST FLANE OF WOILCAM SANTA CLARA.
Santa Clars rocks are the lighcest tomes (cop righsi.
The gray lava below chem Ls DAl 42, which manbled the
copography LAY £ K3 Ha. Thre= vencs on the lumholcs
Eigpure are visible ac the source of che youngest
wdarkese) lavas; a foerch went 1g just cue af the
pletuerte oh Eha lower Left.

an acropd cut in lowar Ranta Clara. The Eapgms,
ingulated by the arcoye walls, was ablé ta Elaw an
addicional 10 km out to Ehe dazerct Floor. Anaother dask
unit Troe cha wesl base of Carnegie axtends west ard
merth, ¥ &n dovn an arzayvoe,

Ihe beainlt &t Scap 1 ds gray in Figura 5 and appears
n cloge exanination to ha mare weathersd Ehan Ehe
darker basnlc; podints and corners are not as shaep,

Tha appesrance of cthe lava at scop 1 i® gimilar to that
of the extensive Flows wich prominent lava leveos
{Figura 71 that aleo scem Eo have come from Carnegie.
Unfactunacely, neither the blask nor the gray lavas
hove accwusulated sufficient acolian macerinl co pernik
uge af soil development as & elue £o relative age.

Ihe north wnll of Carnegie collapsed during the
aruptien in a debris-flow avalancha dewn tha Flank of
Santa Clara fFigut’t T arzl wig =han pacrtially rebuilk,
The foilure accurced directly above the Lave-lavead
gray flow undts, suggesting chac they might have bzen
irvolved. Cone-wall breschment is conmon 4n Pinncata
cindag comds (Joitmarm, 1979), but thiis debris avalanche
1g unlque, I the pray Elows ape olderc chan facmegia
arnl cané pessibly foon Bondillas come oo che sauthwest,
the justaposicion i3 coincideneal,

Chagse your own Fouca accass the upper plednons o
Lovae Fall Canyon, Betwsen chis flow and the canyon
flow iz an allurial surface liccerad with hacd, peda-
genice carbanate amd deccifbus from Santa (lara depocaited
atop bath Carnegie basalt and Sanco Clara Coachytaes,

An you walk acroas nearly any Finacate land surface,
¥ou may ncbice Scagments of phenccrysts that loak like
pigces of broken glass.

The lava gurlace st the mouth of Lava Fall Can=
Fan is all accretionacy balls, a comndsn o surface
Evpe. A short acgeanc aF Indisn krail is visible
crodaing Che lava hare. Boulders fallen from Che walls
litter the lava surface and & rmoawndd of plluvial detri-
Cud covers the center of the flow in Ehe lavas pact oF
Ehe canyon.

Tha aaufh canyon wall contsins chree Sanca Clara

units. The oldest and msoat priniCive Fack =o far
discovaered in tha sefies, s basalt of L.70 & .04 Ha
wge, crops out At the bess of the lowast lawe Fall.
The paagive Flow unit sbove 1t 15 & mugearice of 1.45 +
.01 Ha age. Above thac, Che ridpe—cvest unikt is a
trachyte of 1.26 + 0,03 Ha age. All the dates are from
Lynch (L1981},

HI
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As you climb the youmg basalc of the lawa fal],
note Che fhane abeasbucres amkl the large acorecionsey
alla welded inte che sleope. The old lava shoannel 4.
now an abroded cunoll chebe, a6 éssy place to olimh,

A4 line of spacter comes (Figure B} was budls o
the canyon wall where Che Carnegie Fisdure intersacbagd
the auzf&ce. The considersble Elow of basalt that af.
fused from this went cam be traced ance the piedpomt sp
& placa abaut 1.5 kn feem the canyon oouth where 4=
cealesced with che Elow at lower Left in Figurae 7T,

The basc routa Fran ERe vents is up the opooeite
Learth) side of the canyen, not directly cowaszd Car-
negie, Loak acuth Crom chid canyon &alge &6 soe the
oiagive Lrachyte Flow/dome that formms the ridpe. This
is the youngest daced Sanmta Claee sack with an age af
1.1 4+ 0,1 Ma, Climbk the cimder-covered slope handed
toward Carnegie.

Hany Pinacata woleanie unibs comtain Aegacoysta af
Labroderite, sagite, clivine, and rarely citanonag-
nekite. The labradoriCe megaceysCa San conbain tubulsr
wToida up o geveral millinetecs long. Thess vodds are
peimary dnclusions (Gubtmann, L974) representing fluid
aikther exsolved froa baundasy-layas Ligquid ar, more
neabably, derivad by coalsscance of Oly-rich bubblos.
Many phenccrysts in Pinacate laves wers reaarbad,
wherpas many achera exhibds epkelecal Bextures. Skele-
il maTphalagies ocour anong megacryscs mare Than 1 eno
loog. The labradarite magastvats bvpically are counded
by resorpLicn, but athers are perfectly suhadral asd
ciddled with inclusdions of basaltic glass. Plnacace
negacTyAca avidently hsve wvarious hdscories. You maw
[ind nagaceysts dn the cinders becween nece and che
peak and in mony other places 1a Pipacata.

Htop 2 — Tha Fakaahaa Junple

Basalt cffuscd from & aegeant af Cdizaure nmarked by
anathesr line af spatter sormes {Figure 0] as well as
fram the side of the cone. Discontimwaus saecciome af
Lava-tiba cava afa apan Choguph apearfures thab are
rimmed with smocth pahoehoe spatter. Some af Chem hava
Large bec nests wnder Llave slaba. The sEap ds at
“Tikod's Cave," & place of worship for the indigenous
peoples until che 1933°s (Ivea, 194Z), The Ecail
anzgunCared lower down leads to thiz place.

FIGURE T. CARNECIE COHE AND THE LAWA FALL. The dazk,
cinder-fres lavas in the foreground issued from the
fisgure at che @ast come base, Adfacant an Che tright
agd bhe cinder-aovered Elews with the promdipent lava
levpes that may have contributed to failure of che cone
wall in che promiment dabris flow,

|.'|_\.'|||'||. and Gutsmann




Uousuwal feacures chat Lymch (1981) =allad
spatber Tubad® axCarsl down the sides of some hornikboes,
5141l blobs of magma spattered off the surfaces af
nareoy gEfeane Eloswing dawn the flanks of the horoitoes
and welded to form thin, parallel walls om che aides of
the steeams, Tha walls bhuilt upward and scae jolned
gvaenead ta enclops the btukes. Simdlar atfuctuses are
Fouand on the Ives and Haroque Clowa,

The rouks Ercm here 1is northwest, around the basc
af Carrepis avae Cha debedis Flow, Climk diasﬁ'ﬂﬂ-ll.ﬁ' to
th& right, up the cinder weall above che pahochos. Move
Jestwaed atop Che debris (low Cawied Che appaiite abasp
sane wall, On ceaching the westecn edge of the debrdis
flow, Eraverse accoss the slope of the come, climbing
slightly upward along the developing Crail., Ga Ehrgugh
the pass La che cémplex fissure-went soucce of the
garnegle-west lava ac the west base of the cone wall
[Figura 18], You will find guparhb slab—chaos pahaehos
ghove the slape boeak where this £low teumbled over che
lip af the hill, changimp Co an, Fallaw Che wagh
seskwnacd Caward the saddle north of the peak conme.  Ic
Lgaka high because you have 2230 m more Lo climb,

Agcant ix eagiec happing scross the boulders on the
sorth side of the valley racher than by slogging
theaugh the cipder on the south, On Ehe ridge craak
showe, Elew laminaticns in trachyce change dip from
rarEical to horizomcal. This ridpe might ba on Che
north aide af a main Samts Clars went. The crystalline
rock of this wall grades dinca vitrophyre on Big Barn
Ban Ridgs ba che rocth.

Climb toward the sunmit after reaching the saddle,
This paet af Firdcabe Peak cone iz litbered wikh gablra
nodules that are probably fragmencs of the cumulate
EhaE faaulbad feam [rastignal coysfallizabicnm in Ehe
Santa Clars meagms body (Lynch, 19813,

T paFrsahce

Stop 3 = The Sweedc

At wour Feet are the pore than 30 cinder-cone
solennoes af Pinecate (Figura 11}. The sange of cheir
ages iz abvisus from the widely differing erosional
norphologies they display. MNorcth L3 toward the promi=
ngnt ¢onbast béfwean Eha light "Guanery Eange® granite
and dark Precanbrian rockes of the Siercs Pinta (actual
azimuth 359) 60 km away. Balow that 43 ctha sand belc
af MpcDoupgsl Faas [25-30 km), wnlch separcaces the
morchern section of che fleld in Arizena from the nain
part 1o Scmoera. Fabogquivari Peak, 1830 km due =ast of

FIGURE 8.
figgure was the source of DM 517,
have & wealth of pahochos vent feacuresa, DL

SFATTER COMES EAST OF CASHEGIE, & 253-m-lang
These spatter cones

L'r'l.'u:h and Critmana

FICURE @,
deposits of cinder lie atop the lava=levees and anochar
fresh flow apparently Tzoa farnepis (lowse rightd, The
rimte dawn ds through the pass on the lefc of cthe cone,

FOUTHEAST BASE OF CARKEGIE VOLCAMGO, Thick

Pinacate Peak, can be seen to the right of Carnagia
summit anly on Che beat of daya. The Black acea out an
the dezert flat absve the Lunholoz comes is che discal
erd of the Carnmegie flow,
gadimant it has dimpaanded,

The Lumholtz cones, about 1500 & distant on Cha aaiac
edge al the fuemii platform, ace Ewe of four vents on o
1200z, NIOW figsurs. Thess cones are af the samc
erosional state as {arnegie but appear Co ha oldar Bae-
caugae Carnapgie cirkler lies on thedr lavas l:?isu:ru [

Ives (1%66) reconstrucced Kino's travels and =a=

ported that ke or his ecsmpanion Hanje clainad Eo have
#ean the Colerado-Jila Biver junction from some podint
in the Figld ard co have detessdred Fros chis abiarva—
tion Chat Baja Califocnia ie st an islamd, The rdiver
juncktion 1is 1é% km From the sumnit on che same azimuth
2% La Jarapars and bebdckl the Sdecra del ‘Wiajo, nedther
wvigible from here nor from the Hornaday Houncains,
Ives' dedieced location of Hanje " a wantage paink, The
atuth of Ehe Colorads River is 1353 km from the summit,
exaccly on the horizon. Xino chought ke could s
thain Chings hul the gecmetry precludes dc,

The adjtcent whibte ares is

Back Down The Hill

The easiest path off the sommit is toward the
souchy afm first for the sumnift of Bomillas coane acul
curse Left while descending. This aveids the wpper
parts of the Trachyte wall making che descenc a quick,
aiay Sinder #lide, The direckE route down iz eastward,
up ascross the ridge thac extends between che “zliffy,®
eraded sopa {0.41 + 0,08 Ha .lE_ﬁ:l Akl Boanillas Sore.
Besar sharply to the left after reaching the saddle,
going taward Carnegiae, Co avoid croaging a challa—
chaked cindes flac, Lesve the summit platform through
the pass east of Carnegie cone.

[f cima ard amnbition pesmif, Casnepia cora can b
clint=sd Fram the west by ascending the necth ridge,
thence directly up the side of Carmegie. OCecting off
Carnagia id Che ganmé in any dicesbion, locsa and
dBTEeToUS . lternatively, one nay climh the slopes of
Donillas far & view into ics cracer or go to the top of
cha ¢logast [Lunholbs Sois,

Lk
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S1EERE 10, EBIC HIEM RAM REIDGE AND WEST CARHEGIE, The
west Jarnegie flow may have come from the fissure or
from bencath che cinder wall; & mowund of Eaphkes lies
atap itz proazimal end, The prominent cidge Eop is a
ritrophyre,. the most evolved Santa Clare lava, chac
raatd atop an agrlasarate wedge, Tha harizontal unit
beneath i€ iz a benmoredce of 1.15 + 0.03 Ha oge.

The pasa leads down Lo Che hooniba chain ak the

figaure absve the Pahoehoe Jungle [(Figure 4). Cross
the lava there and fallow ita scubh adge inbe Che
canyen, The aggluetinabs rin cliff sbove Red Cone
=
i
T o
=  uwm W= 5
2 oo i ol
S5 RaEE T
L =T
= = &e

SOUTH

20 km.

S BLANCA
IVES FLOW

can ba geen frem high in this canyen. WUse thac, Sigc.,
Sovuk, ard the Batemoce Hills aa puides co Eind ogan,
Dagcand tha zaries of slopes and benches; stay -:‘:'.1!:';\5
canyon bottoms below che higheat bamch, You will by
able Eo saa tha lava chass on ERe appes _:|:|_|::|r|q:hnr_ fras
the esp of the lasc slope ard you can adfuab your roye,
to avoid crossing it iF you 30 desice, :

DAY 2 - T CEATER ELEGANTE
46,46 From Eed Cone Camp, return Co Ddax Maah.
5%.4 Dlaz Mash incersection: turn lafc (nseth),
60.9 <Chain=fruit cholla forestc.
63,1 Fear left at fork; straight i3 to Cereo Colorads,
65,3 BHesr left at forky; straight is to Tecolota.

“Eemiplaya,” an exiensive aren of anastomasing
stributary channels inm & creascbe f1lac an Salva-

8.9 Doz Mujeres cones on che Llafc.

78,0 Intersection at Salvacierra Wash crossing -
continue straight ahand.

73.3 Elegante parking area, Walk ca che rin.

ME
LEGANTE

e

FLIERTO PENASIO

53 km.

FIGURE 11. FAROHAMIC DIAGRAK OF TAE PINACATE VOLCANIC FIELD FROM THE SUMEIT. Drasn from photagraphs by DJIL.
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Segp 1 - Coater Elegsnte

Gracer Elagante (Figure 12) is the largest of nine
mass® in Finecaca. Ik ds 1800 & i dismeter ard 284 =
deep, GuEmann [1%74) dessribed the geolegy of Crater
Eleganta and dpcloded geologic maps of the crater and
of its walls; copios will bw distribuced Eo pastici—
poanbs. The cracer originated by collapse attendant
wpoT h.'l'dmﬂﬂﬂﬂﬂ-till eruptiong that depﬁ:itcd Eefl bras-
cia from pyrroclascic-mucge clouds,

The aldest lava flow expazed in the crater well is a
Frwaiite af 0.3 + 0,1 He age {all daces fece Lynch,
19813, This flow and cthers above it come Erom cnimown
sources. lpon these id & Fflow foom Ehe largaly busiad
ginder cofe juat gouth of the eracer, Cinders from
chat sone appear in the ssuthern arater walls reating
g8 Ehis Clow, deformed by dts motionm, ard gverlain by
similar, wounger flows.

The cinder ccne displeyed dn cross section in the
sasbarn and sguthern wallas of thka erater {(Far wall 4m
Figura 12) 45 above thasa flows. Two undics from ehdis
cone yiald B-Ar sges of 0046 ¢ 0,03 and 0,43 + 0.06 Ma.
Up—dip projections of ita layering indicate chat its
crincipal vent lay dn bthe scutheascersn past of the
anis, aboul where the floor meats tha Fack of the
calus. The firat unit erwpted From this venc wasx a
flow that baked andfor deformed the averlying cinders,
This come was breached on che zautheast following
enplacenent of #ills within the cene and aleng its
baga, Renewsed sruptions then prodesed phencoryst=cich
cirders, Elows, and dikias,

Sevaral moze wolcenic undts wers asupbad priar to
the cataclysnic eruption that produced the mear. A
thick dike Fed & shallow, sill=1ike intresdion and soall
Elowd (unit dp of dutmann, 1576, Figure 1) chat resc on
the crystal-zich sirdess in the breach of the come. In
Eha dguthesstern wall of che crecar, a dike fed a tiny
zinder cone with & labateé gill st its bane.

Raating on Cheas ard yeunger cinders from & cone sen=
cered in Ehe sguthern part of what iz maw the mansr.
Like their pradacessers, these cinder erupbions ware
immediately preceded by effusion of & lave flow,

The maar-forming etupbicn begen with efFfusion of a
lava flow from s vent probably Locacted near or sscevhat
narthesst of the center of the cestar, The sge of chis
flow 23 0,15 & 0.0Z Ha., HMinor sruption of cinder may
have followed this, but groundwater scon gaired access
Lo Ehe concuit and the Bydeomagmetic etupbtilons begen,

Chiaf constituents of the tuff breccia st tha sracer
rim are wvesicular pellszts of glasay, juverile ash rich
in tiny cryscala, accaasary blacks of basalt torn froo
Cha venl walls, and quartzcfeldspathic sand, aile, and
clay from benszath the woleanic sestion, Accessory
ejecta dacrenss rapidly in sbumdance with distance from
the pracay rism, wharess the abondance of silt and clay
Increagas in that direccion.

Unless the space into which collapse occuered waa
made by evacuastion of a shnllew mapra chasher, the
voluse of ajects sriginelly deposited outside the
Grabar nust be At least 85 great a3 tha wolose of
missing materfal. Thicknaas variation af the tufF
bracein with distence from the rim indicates thac
#ieats equal to abouc one-chird af sracer valuns weroa
depoaited babwesen the rim and 1.1 km away from the rim.
The trends of conposditional change aut te 1.3 kn indi-
cate That tha discal pacta of the depesic were chiefly
Timp-grained sediment and that this sediment was by far
the nost abundant consciteent ajascad Crom the crater.
Evidently, the gpace intae which collapse occurred waa
made chiefly by ejection of large quantiCies of uncon—
golidabed sedinment Ecom beneath the wolcanic section,

The estdmated volume of accassory afecCa Between Ehe
erater rim and 1.3 kn away ds 9 percent of the volune
@fF Ehe crater belaw the base of the tuff brecceia, The
tuff breccin conteing aburdant blosks petrographically
unlike rocks expesed inm the cracer walls,
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FIGURE 1%Z. CRATER ELEGANTE FROM THE WEST. The blanket of tuff breccia forming che rim of the sollepas depeas-

ddon packly buried the sld cone on the right edge of the phato,

Stratn Eroe chat cana arx Twe athers are

expesed in Ehe cracer walls. Selvociecra Waah Za in cke uppac 1efe,

suppeating thet the thickness of the walcanic aeeCian
1z cansiderably geaaces than expoaad. Thiz thickness
i nab knoewn, howswer, so the diameter of a nypaotheti-
cal cylindrical went connat be salsvlaked, In ad-
diciarn, many large wolcanic blocks probably crurbled
into the went as it developad, Havartheless, Ehe
podition and atrecturs of a large hill of cuff breccin
cropping out on the crater Eleor deany the focnar
exlstence of o vent mece chan 600-700 @ in diameter.
Furthermore, the paucicy of accesgary debris dardvad
from the cinder comes indicates that the vent plecced
afily thin gections of cinder and places a comparabla
upper limit on went size. Racher thas ccunbling piece-
meal ZInto 8 pigantiz maw, the rocks of the crater and
much overlying tuff breccia probably subsided sare ar
less 2n magse & gUpporh wax cenoved from benesth the
veleanic section. [Detadls of the process canmot b=
koown, although gubsidence dechilasa was acconpanied by
extandivae [racturding, snd the dnner parts of che pile
nay have bogun to subside earlies char those near the
crater walls.

The strats around the marging of the craces ap oo
about B m above dite floor are fopset- and foreosecs
like deposits of sedimenc that accumulaced in & pluwinl
lake.

Halk counCerclockwise along che rim to a podinc due
north Erom the cencer of ctha sracer and descend to the
boga of cha gin-bed section. ANOID THE EDGE OF THE
CLIFFE - ESPECIALLY IN CROUPE,

Stop 2
Relationships between the lava Flow and Cuff Breccia
deposited on it while it wia #till mebils are well

wxpased sk the base of the sectiom here., Hoce the dike
projecting up into and baking the eofF, the wavelike

e
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oulpe of che [law Lop and its peculiac shack=tooth
texture [(Figure 13), and the folds amd Faclbs in che
Lower 10 m of caff breccis, Scattered gquartzofeld=
spathic xenocorysts in che Elow suggest that adeixtuss
of sediment Wwith mepes had alresdy begun.

Return to the rim and walk clockwise Co & padnt on
azizuth 063 From the eeatarc of Ehe crater.

Ftop 3

Descerd cowsrd the base of che rim beds. Aocording
o wahlecz amd Shezidan [1963), chese thinly bedded
tuff depusics with thedr abundanc sandwave bad Forms
represent che relacivaly dry surges tvpical of basaltis
tulf rings. OGray lapilli tuff abouc half way down
through the seccion suggests chac the supply of mete-
orie woatar and sadiment temporsrily dimindished during
the sruption. Excellent axpodures occer further down
che slapa., A lens af breccis resting on cinders st che
taaa oE the section represents fnpdcdial, ventb-glearing
explosions.

Walk aoubh sbaut 330 m alang the base of che gray
timler section to A prominent dAike.

Scop &

Thiz vectisal dike was injected horizencally Fram
the vent region of the cinder =ane. Tts horizoncal
erael i about 33 m absve you and its keel is axposaed
Juet below you. Pulses of sagmn chrough che dike ars
recorded asd sucedasive chilled zones. These enclose a
pecphyritic zone exceptiomally rish in labradorics
negeerysbs, Thigs zone alio canbaing NUOECOUS NEno=
liths; bBath chey and the megacrysts may kava bBasn
concenteated by Flov differantintian, HEook comparably
rich in coarse materials is absent from che uppes parcs

.[.'rl'll,Jl aimd Gu!mmm



af the dike. It iz possible that peavicoticnal settling
contribuetad te their concencraclonm in the lower parc.
T core of the dike is cécuepded by an incrusian ol
ghillad basalt that widens wupward. PLEASE DO HOT HIME
THE DIEE ANY FURTHER; SANPLE THE LOOQSE RDOCES IHETEAD.

Yobs the Can, Cullscecus lavers in the cinder
skotion here. Thesa centain sliphtly palapanicdized
juvanila nsh togecher with accidental sand and silt.
Thoy BuUggest irgipdent hydeomagmatic asCiviCy Chac
failed to lead to a major tuff erupticm.

Return nesthward 50 o and nacend Che first gully to
g upper parts of the dike. Theze aomtain fheetlike
segavegiclan 2ore cham 1 m long with magma drips oo
ghelr walls., The vesicles may ba poavity-driven gad
azcemulations inm the top of the dike, MHote al=e the
pifurcaticon: of cthe dike crasf in Che cinder,

Heturn £o the orster rim and conbinmes clockeine Eo
the adge of the ssallop—ahaped depraession abowt 100 m
beyond Che highest point on the orater rim. Hate the
narcow dike Feading & aill and ciny cinder cone akop
the south wall of the cratas, Descend pradeally inco
tha Scallop to the upper parts of the cinder segtion on
a 1109 axdimuth Fron the canter of the crater (see
Gutmann, 1976, Figure 31.

Scop &

Thia depregsion began as a breach in the wall of the
cinder cane, Hasses af cipder were carricd from the
preach on 8 flow exposed on the flakts sasc af Lhe
craker. Fallswing braschment, the breach was par=
rially filled as renewed eupticms prodesed phancoryat-
rich, relatively dense bombs. A small flow of similar
Lave is exposed high in the norcthesstern pact of Che
Scallop, amd anocher flow occurs outside the crater
sputheast of the Sonllop. Lacge, gen—qualicy labrador=
ien cryxCals occur in these cinders as do rere cline-
pyroxens megscrysbs, Climdpycoxens cryscals traom Ehis
locality os much as 1.8 om long can exhibit zectar
zZOring.

FIGURE 13, SHARK=TOOTH OFR CORDUROY TENTURE. Thds
distinctive Epxeurs farme ab tha interfCace bobween
fluid basgalt and unconsolidated materinl like feesh
tuff braccia or cinder. Crass clump ds 15 cem high.

Laymch and Guitsann

Return to the cim, conbines clockviaa Lo azdmeth
LT, and descend throwgh the tuff breccis ard under—
Lwirp edndare Ea che fop of tha hiphest [low.

Seep &

Thess xeay cindara wera derived from a vent located
aut in vhat is now the ceater,. Tha Flow hanaabh
chem coreies the same phenocryst assemblage and rests
on cinders Eram the ald corne e Che marchesat. Mhers
flow-cap breccia is absent, the base of the aveclying
cimddere ig azidized and induraced co Earm & resiscant,
ted ladze a few cenglietarsg chick: Theaze cinders were
baked by the undeclying flow, effusion of which =muest
have Lomedlately precaded che cindar produccion.

Climh down ower the flow, traverss s few netess
westward, and dascars] the gully chrough the older cine=
ders to the top of the cliffs. Expaosed in this pully
iz a dike chat is the uptumed end of 4 11l enplaced
alang the base of che gray cindar cone. The cinders
ara deformed over the flow st the top of the cliffs
hara; this Flow izwediscely preceded pyroclascic ecup-
tions and 15 petrographically ddentical fa o flow Chat
hakas Che Bage of che cinder section dn Ehe nocthecn
walls of the aratec.

ecurn o the tim, walk back epstwazrd be tha 143°
azimoth, aml Eurn dduthwacd inca the gully ci::u:t.‘.n.g
the outer slopes of the Eaff breccia.

Stap 7

Oisplayad in the walla of chis pully within a few
hundeed peters from the rim is a vardety of pyroclas-
tic-surge bed Eorme, Wehletz and Sheridan (L975)
mapped Che transitlon from sandwave Facies Chrauph
magsive beda £o planaf bed Facies progressing outward
from the rim in this area. Losk for Lov—amgle croga=
sreatificacion, soft=gsediment deformpbicom features, &ad
deflaticn structuras in che el beds.

Recurn co che rim; walk countercleckwise along the
Fie EG Ehe road and dowa the read to Ehe new Ssmep.

FIGURE 14. TECOLOTE YOLCAMD. Flaw 5 blosked Sal=
watdierra Aash (botzom), divercing the water and
trapping sedimenc in che white aresa on the left. The
adjacent black lava appeazs £a hove flowed oub Do
urdar the cinder deposited eaclier acop the flaw,

s
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FIGIRE 15, TECOLOTE FROM THE S0UTH,

0aY¥ 3 - TECOLOTE YoLCANQ

Tecalote Veloara is ene of she youngest cones in
Pinacate and ix corteinly one of the mosk canplex ol
Ehe seanll eruptive cemtess. A wealth of Lava surFace
Lypas and pyroclascs, including bomha of 8 8Caurkldng
#ize, 8re concontrated within its small 0Téa = mEoal can
be vigited in an g3y marning walk.

The wolcane consiszes of a conpliéx cone, =ix Lawva
Elows, and a eindar Blamket {Figure 14}, Contacts bee
Evaen adjocent flow units and betwasn lava ind cimdas
pernit developeant of 0 ccude grupkion chrenolagy.
Tecolate cinder liaa sbop Hays, cha adiscent cane on
the noeth, but che aa laves “ram #ach volisno ara
nearly indistinguishable at Cheir contase,

Tecelobse "cona”™ is nac donizel, The main edifica
in U=shaped ard open te the noethwest, An ireegulac
group of Cophes hille lies wast of che south hecn, amd
# wodga-ghaped migs of cinder s attached an Eha Aouth=
east. Four af the six Tacoloce Flows ariginaced Erom
Lhe baso of this wedge: Flaws 4, By and © effused fron
distimet bacess in its sastern wull. The origin af
Elow 5 da mob as e2lear, but at Loasc some af 8 camc
Fram the base. of an onphitheater ap the adguthwestern
end f che wedge [Forapround 4p Figura 15). Eeaad

Ha

Kave cone, £#lightly older, iz 1 ¥m to the morch; Tesantle COnE, ponsibly
FRUNEET, i 3 kw beyond Ehab, Tha scrow Feinca ta the Bus®

Elawid & and B, tha valley separating Che cindec wedpe fra
Tim, and an enipmstic "ecacec® ont the slops in feont of Flow 3 [forepround),

tonb, Noke che Eaules, the gullias inboord of

A Lhe nadin cone, twa callapae depreszions en tha sast

Fecer Eresan Sepyright 1957,

cinder Lleankets sxtend Bath nocthward and sopph-
gasbeard from Tocolobs,

The tops of bheth homs of Che cone are cur by accu-
aLe, seeiparallel faulp Scarps Lhat are mosc aumercus
on the north hocon lolearly visihla in Figures 15 apd
16k. Whers tha tephrn was cemented by Eunacalic
2cbivity, the scorps are werkdcal and afiew downencd
relativa notion of che side néacer the croge, The
Creal appeara to hive subsided a3 s conplas graban.

Ha sther cone in Pinacabe is iEncwn to RBeve sueh Faules.
Guknann and Skeridan [1878]) descrived Faules at Tis—
ontle cong that Chey atteibubed 3 notian in Ehe under-
lying lawa, but Ehey wasa cone-fFlank Faults,

Tecalote cones ia vanpodad of various tephra Expes .
The wedga appeazs ba be emilraly well-sorted, nan-
indurkted cipder, Haksrial #Eposed in the walls of the
intarior craters, including the high inner wall af the
#outh horm, iz a heteregenrecss: nixture of sinder,
seofisa. agplomerate, and agrlutinaca. Tha tephra
deposits are variously indurated From Eightly welded
agglutinats, compacted sgplonecate ke laose macerinl.
Fimilor mixed cephra =enacdture the meunds af wall
materinl that littas the gucFacs of Elow 3,

Hosc serdkimpg 45 she distinetive layer of lasge
bombs thot covers the souch and cast rims nnd mancles

Lyreeh and Gustmann
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gne outer southecn come slope., Few are ssallec than 20
en in dinmeber, MHoal were spherical bub many are bro-
reti. Accessary blocks decdved from aldar volssnic
usits ard accidental frapeents of guartzofeldspathic
ek occur lodse in the deposit and alsa conabigute
zor@d In Some of these boabi, The juwenile bombs are
dunse and calatively crystal-rtich, with tiny vesiclas,
Hany have couliflower surfaces: 2thecs are more Eluid-
gl. These charscteristics suggest that the nogmao was
degassed and somevhat SCiff and pascy.

Tha Caphea asunds o0 Ehe wesk are rich in natably
large bombs, many having major axes longes thea 1 m,
Thadea Large Dombad are genéarally 5;\i|1d|_g :I'_.aped with
screbsh-gtriated surfaces. The largest found so Far I3
ghown in Figure 17,

Cindar blanketa sxtand foom Tecolote in twa di=
rectlang.  The plute on Cha ndrth covers and Eills a
sechion of the pa surfsce of flow § (Figures 14=1E]),
pantles the slopes of Maya, and axCande almask Eo
Tegontle, Om thée south, Elew 5 is nearly completely
covepead with cindec and only the diatal edges an @Aat
amd Wesk show more than che ands af Flaw-Ean Fr;:je:-
tigoe. Irségulacities in the cinder blanket cavaed by
sostdeposizional flow within 5 are wisible in Figures
14 and 16.  Eaked zomes of red cinder can be secn in
cravagdes develaped in & and the basal zinder ia rad-
dened adjacent ta some of the [law-Cop projacbicns,

Features of the Tecoloce Flow Lavas

4n. ds the major surface type. Foughress exizts on
sgcales ranging from micromeCar apires on cock surfaces
to metec—call projeccions above Elow surfacea. Susface
olocks Tonge From desimecer Lo aultimecer, icregular to
#lab, Aeked in place to precaciously balanced. The
surface material £s wsually highly acorimcecus with
irregulor vaaicles, FPahaskos i present cn B atb ward
cus places scarting about 100 o from che bocca.

The A Flaw id acCawacthy in Bedng q;,:-'r'l_lgxa:‘t Br-
rrely of "snosma.® squeeze-ups of viscous magma with
scrape and chattermerks atceibutable ta plascic bEo

FIGIRE 16, TEMILOTE YOLOAKG. This photograph shows
the Faults,; the central craterlets, cha Caphoa mound
atop B (lower right) ared ibs near contack with §, and
Che aszsorted tephra mounds atop Q (left and boctom)
detached From che cone wall, l:ﬂ - Pecar Kresgan, 1967,

|.:¢:||J| ard Gidmearm

FEGURE L7. THE “HUS" BOMB. This pyreclast, 4.5 x 3.1
4 m, ds 20 m fron che nearest ccateclet and 400 m
from che cancer af the cone.

brictle deformacion, Striated slabs project oub of
fracturas im many ather Pinacate Elow surfnses, hat
thia umit is wnusual besause the aleks are stacked
one against the re=t Like plates in 8 dishwasher rack
(Figuze 150, The A Flow excavated a canyan in Ehe
aubar wall aof the wedge and S6# Jistal end is covered
®ith pdlas of che cinder it removed.

Flaw B effused from a becca on tha cuter face of che
wedge. The 3 magma oppears co kRava bBeem hdghly zas=
chargad arad af low vigcaslty., Sonme of che serface
structures naac Che § booos resembdle shelly pahoshas
bub are, noenetheless, spimy aa, & has dendritic struc-
tures (Figure 15} en the sdges of sone slabs abouwr 100
B &kdt of ibEx wvent.

Flow £, che mosc socthacly small Flow an the aaat
side of Che wedge, emerged from & broadly axcavatad
amphitheatre much like che ssurse ofF 5. A short lava
tube naar it scurce ds a cool cefuge ono oo Bob day,

The surface of C noar tha prozicsl end dis slab aa, moech
Less scoriacedud than the sa of B. For much of itcs
Langth, C is Elanked by & seriea of cinder “dunes® of
unknawn origin.

Flow B enarged on the ridge between Tecolate and Ehe
Glder game to the southweat, Thia Flaw aplit: ome
congue apilled esabward down the cddge toward 5 amd che
cchar wasbward down the ridge tavard §. The azaas
source aof B 1s not clear; ic oAy have emerged from
beneath the cloasat of the western tephra hills, A
naid of tephrs was rafced ocutward along che ridpscrask
by Ra B and  did mot maet; & space af sbout 1 o
separabes the twe Flow fronts north of che sidpa,

Flaw 0 15 the largest and moaf complex of che
Tecolote Elows, It san be Erased directly to the can-
car af Che cane, the presumed main venc, Whare nok
buried beneath tephrs, the surface iz free-clast aa,
ilab in asse places and irregular in ochers, Ta cha
necthwest, § overlies che edge of o neacly didentical as
Elow chat criginaced from Hays.

The surface of O 45 litcered with debsis EFron
the breached cone wall both in clescly defined, blocky
madsds and in cubbly piles (Figure 18). Tall mounds aof
bedded tephra are a distinctive Fanbuze of . The
loyers of salid bazalt seen on che sides of some of
thege moumnds were emplaced a2 dikes 2C an scubs angle
te the bedding when Liguid bagale welled inteo apening
Fiasurda ag the cone wall Falled. The tall mounds of
bedded tephra near the seaCecn dizcal end are far toco
Large To have hesn simply rafted along the top of the
Elaw a5 material £35 mormally tranaporied by as. They
nay have slid alamg a lLebricating basal:t laver.
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FIGURE 1H,

ANDSMA ON THE "A° FLOW. The hocca of Ao L5
in & canydn auk in the cinder of the wedpe. People an
the right show the size of these large slabs.

Flow 0 affused Erom the center of the crater afcer
having breached the marthwest segment of wall. The
five cther Elowvs emerged from waricus places bepsath
the walls. Kearly parallel gullies exterd inwarcd fram
Eke bodoas af 4 aoul © acddss bath the wadpa and che
cong . Anocher gully exterds inward €rom B through the
autar Caphes hille, Theda gellies appeas Lo havae Dean
excavated Ercm benesath by block caving of tephra inks
vadda craacad by removal of the cinder as magea flowed
Langath,

& Pazaible Scanaris Foe Ehe Eruption

Relacignahips haCwdan Cha pealasic Teatured &C chia
exceptionally complex erupbive cenber do mobt pernil
inference of a complete eruption chronology amd the
acigin of aany af cke Seacured if nob udacgiogd,. Flaw
5 is apparently the oldest flow. Its thick, deformed
nancle of lacally boked cirder suppesaCs Chab ics
effusdion iomediately preceded most or all of the
pyroclaatic eruptions chat buflt che canmcral cona.
However, st leapt pact of flow 5§ appears to have
eeerged Erom anm amphitheater ac the base af the wedge
after the cinders of the wedjs had been deposiced, 1E
seens possible that the wedge, and perhaps the tephra
Bills wasl of tha accth harm, could be cecoants: al a
cone built just prior to the large central cone.

Effugicn of § wvag conCeamperracmous with Che loal parc
aof construction of the central come. Flow {0 remawved a
lacge asccion of come Wall and carried subscancial
pieces of it nesrly & ¥n gut onkd the desert, The
apporently undistuched band of cinder atop [ suggesca
Ehat it had stopped moving prior to Ehe end &fF cindac
eruptions at this locality. Sane of the giant bombs
pre an bephea that feab abop § (Figura 177,

Eruption of Large bombs followed all major cinder
arupbigng and avidantly waz mal accompanzad by sig-
rdficant cinder preducticen. The romarkable size of
cheaa Bomba demands & powerful erupcive lorce, Ona
pessible driving nechanism is & gas jet described az a
“gaz blaze” by BudAibov arel abhesz: (19831 £riem the
.:-:'J?tian af Gorehker cone on Tal Backik, HSuch & jet
antrnina large blobs of magms and blocks of wall rack
during "throat clearing,.” The aource of the gas 1s
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probleracie. Ecupbions af sdrder can have LaTge E03-
Eg—mogza ratlas, but litble il asy cinder appears eq
have goccmpandsd Lhese banka, ?.:_l_g::_vcl_:\_.' fluidal beahy
em Ehe scuth rin contain more abumdent pheancerveks
tespecially micrapheroerysts] chan do the earliae 5
cane—building cinders. Cryastallization of wapar-
saturabtsd melt hald beneath the waleana wauld have bipg
neceapanied by resurgent belling. Accumclation of the
evolved gas benesch @ plug of pazty negos could have
contributed to high gas/magma ratios: amd the volurs
increase associnted with siesh Bailing could hawe lad E
cracking of Che conduit walls, access of ground wacer
Lo the system, and consequent hydromagmacic jpas Frodup-
Elon. ‘Whatever tha deiviag mechanism, some of thease
bomba are of exbtraordinery sdize.

The Lorge boabs are absant Croe the sucfaces of
Llows A and B, hub ace present on the cinder odjneent
Lo their boccas. Effusion of thess smell-wolune flous
appears Ea have Tollowad the Boal sruption. The boabs
a0 Lhe sucface of Elow Ry alsc a small-valume unit,
could have been carried slong afcee it disaggrepstod
Eha tephra RHll abave iBEs paurae,

Scme banbs on the rim have yellowish aurfacas
altered by Cumarolie &cCiviby, Thia activity also
csaggnal teéphss of the main cone locally, armd tha
Jemented zones are cut By Cavlis ofF cthe cone-rim fauls
systam, Alao soong the last events is farmacion af che
arpterlets within the deboris on Cha Eloor arkl aE the
broach of the ¢cantbral crater, Some of these evidantly
raprdaant local collapse,; whercas a few naas cha Besach
sppear o reflect minor explogions chet produced szall
anguntCe of celatively crystal-tich scoria. Except for
the relaticpnship between cha feults and the Funsrcle
cemantad Cephra, mask of the seguence of events fol-
':.R.?H'_I'ﬁ erupktion of flow O is unclase, The uqn?lexity
af ralatianships on Tecolots slpost assura=s a futuce of
lively conjecture.

L]

BEekturn fo the vans far the deive to the Llumch abap ak
ferro Colarndo,

FIGURE 149,
This scructure apoenta to have grown as Cws pahashas
&labi pulled spars.

DENDRITIC Of ARBORESCENT STRUCTURE OW "B.®
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FIGLRE 20,

CERRD COLORADD TUFF COWE. This wiew laoks seuchwest ncecss Cerca lolasado towned the skield of

g
"
i
et -4 |

Yolean Septs Clars ftop left} ard tha cumas of che Desiersa de Aless beyond Pinacata (cop wightl. Tecolote a4
directly abawe the hiph cresk af the teff cone and Cracer Elegante iz abowe and Eo Ehe left of Ehet. Mota Ehe

dark, inward=dipping tuff layers o0 the souch wall of the ceacer, Cha broad apron of

eritua shed from Che

come, and abeupt Earsination of gullies draindmg ibs ouzer alepes. Cerro Colerada bleeked a najor drainageeay

erpating Diaz Flaya, which 15 oub of thiz wiew on Che sight.

76.6 Solvetiezra Hash Croasing.

77.3 Hear right ac the road fork {che lefe Eork passoes
Maye and Tesootle cones and exits wia the cinder mine
sapd = O milead, Bear left at Ehe next Forlk about 30 =
bayond.

#1.6 Rim of Cagrro Coloraedo Crater,

Lungh Stop - Cerro (olocade Gratec

fereo Colorsde 43 a reddish tuff ccns with a crater
about 1003 m in dissoter. The cone was mapped by Jahns
{19591 and its stratigraphy described by Wahletz ard
Shesidan (19831, Flaya deposics in Cthe nortkern and
@agtern walls of the cracer age overladis by thin-badded
and then massively bedded suege deposits capped by
ar£all cuff. Conpared To che rim Beds at Elaganci,
shase here ape gich in geavel, sttain steepas dips, ace
thicker snd more massive, exhibit moe palagoritization
#f juweenile cleats. and contain ssereticnacy lapilli
and mud-aenored ¢lasts. Cerro Colorada i@ a tuff sore
built by relabively wet pyreclascic surges (Hohlebsz and
Sharidan, 1953]. Its form suggests the presence of
geweral cantess of eroptien aml ecllapse. Ths ariganel
rin is presecved on the south side vhaca beds con be
cracqd up Erom the cracer floor over collapae-

Lynih ard Gusmansn

Peter Kresan copyright L987.

touneaced oldee Llayecs acd finally avwer the rim af the
crater. Horoolly graded ale—Esll depesita cich ln
acceationary lapilll are well expeasd on tha path ko
the highest podnt on the nerth rim of tha coater.

Fallaw the raad ta che west and meezh to exit Finacate,
36,2 Broad cinder=naul roand: busn Edght.

pE.0 Highwsy Zp tuen cight. HSonoyts &8 2 miles avay.

ACERDMWLEDGHENTS

Financisl suppoct [or some of the asrial phobagoaphy
game throwgh o grant ke B.J. Lynch Crea Ehe Tucaan (em
and Mineeal SoecieCy,

Aapial oblique photogrephs in Figures 15, 15, and 20
are copyeighced by Pater Kresan; all ather oblique and
grownd phatagraphs are By . Lynch.
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