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APPROXIIATE ITINERARY
Saturday, 21 November:

8:30am Distribute handouts, Depart Hawthome house, drive E on Broadway blvd.

9:00am Tum S. on Freeman. Observe geology of Rincon mts. --L. McFarlane and S.
Engel. Continue S. to I-10, via Houton rd. then E. on I-10

10:00 am Exit I-10 at Pantano. Stop at Cross Hill Quarry: Pantano Formation and
landslide —-C. Steffens
Continue E. on I-10. Jim Head will describe the San Pedro Valley fossils.

11:30am Stop at Texas Canyon rest area. Fractures and weathering of granite plutons —~
V. Hillgren. Continue E. on I-10.

12:00 noon Exit I-10 at exit 331, follow Route 666 3 miles S. to Cochise overpass and RR
track on Willcox Playa. Discuss geology of Willcox Playa--J. Pedicino.
Continue along dirt road parallel to RR Tacks (state of playa permitting).

1:00 pm Lunch on Willcox Playa.

2:00pm Stop on E. side of playa, observe and discuss clay dunes--B. Bottke. Continue
S. on Rte. 186 to Chiricahua National Monument.

2:30pm Drive over sumit of Chiricahuas, make several stops to observe welded tuffs--E.
Howell and M. Nolan. Hike to overlook near summit of mountains.

6:30pm Camp on E. Side of Chiricahuas. Temperatures may go down into the
30's, so bring a warm sleeping bag or blankets and appropriate
clothing!

Sunday, 22 November:

8:00am Break Camp, drive N on rte 80, um E. on I-10

9:30am  Arrive Rockhound State Park near Deming, NM. Discuss geology of NM,
Low-angle subduction model of SW geology--A. Rivkin, J. Stansberry.

10:30 am Continue E. on I-10, pass through Las Cruces on I-70, stop outside Organ.
Discuss geology of Rio Grande Rift --J. Johnson.

11:30am Continue E on I-70, to White Sands National Monument. Stop at Monument,
short hike in dunes. Discuss history of dunes, aeolian processes in general--A.
Asphaug and J. Grier.

12:30 pm hunch at White Sands NM, more discussion of eolian transport, Earth and
ars.

2:00pm Continue N on I-70 toward Alamogordo, N on Rte. 54 to Carizozo. Proceed
W. on Rte 380.

3:30pm  Arrive Valley of Fires state park. Discuss Carizozo lava flow, pahoehoe
emplacment processes, lava tube formation—M. Lemmon and G. Komatsu.

430pm Continue W. on Rte. 380 toward Socorro. ‘

6:00pm Camp at low elevation in Rio Grande Rift in vicinity of Socorro.

Monday, 23 November:

8:00am Break Camp, drive W on Rte. 60.

9:00am  Arrive VLA (Very Large Amay radio interferometer), stop, tour facility.

11:30am Depart VLA, continue W. on Rte. 60 to Datil, then S on Rte 12,

12:30 pm Lunch stop in Gila National Forest

130pm continue S. on Rte. 12 to Rte 180, S on 180-to Silver City. Continue on Rte.
90 S. to Lordsburg, then W. on I-10 to Tucson

6:00pm  (with luck) arrive Tucson, unpack vans, go home.
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Day 1:

Tucson to the Chiricahuas



Metamorphic Core Complexes
(Tortolitas, Santa Catalinas, Rincons)
By Lisa McFarlane and Steffi Engel

Core rocks:

- granite with gneissic texture

- lesser amounts of Pinal Schist intruded by granitic rocks
Cover rocks:

- sedimentary and metasedimentary rocks

- granitic rocks without gneissic texture

Gravel deposits:

- conglomerates

Precambrium (1.6 b.y.)

- clastic deposition (Pinal Schist), uplift + erosion,

- clastic deposition (Apache group) more uplift + erosion,
Paleozoic-Cenozoic (570-0 m.y.)

- marine transgressions, sediments, limestone

Msoipic (24&)_-63 m.y.) :
- start of volcanic activities (ryolithic tuffs)

Cenpz_p_i;: N

25 m_y. - plutonic emplacement and metamorphism ended
15-8 m.y. - Basin and Range began to form = -
Holocene - gravel deposits derived from the mountains deposited in basins )



. Acalderaisa volcaro that has sub-
sidedinto a round or oval depression,
muchas an apple pie crust, inflated by
steam during baking, might collapse intr
the hollow below it once the pie cool~
APPROXIMATE

VALENCIA ROAD

Tucsg: Mountain Chaos, the blocks are
. Now known as megahrecc: Ma, i

of the rocks visib e:f’rom m;apbalss(ngé s R e s
rhyolite tuff, but the Pass itselfis cut into

a giant megabreccia block of sandstone

that fell into the pit and was sealed in

rnyolite ash,

metzmorphic Metamorphic core complex and detachment fault.
core complexes. The lowest layers of
these complexes are granitic rocks, and
‘these are overiaid by a thick blanket of
metamorphosed granites that appear BRITTLE, DETACHED
stretched. Brittle uppervolcanicand . “UPPER-PLATE" ROCKS
sedimentary layers were balanced on top ’
ofthe rising complex. These layers have
often slid slowly into nearby areas,
breaking and tilting as they moved
horizontally and downward in response
to gravity.

The Santa Catalina Mounizinsarea
metamorphic core complex. The granites
atthe bottom of the complex are exposed
by erosion in many areas near the top of
the mountains. The metamorphic layers
are called the Catalina Gneiss. This for-
mation is well exposed from Pusch Ridge _ :
to Sabino Canyon and beyond. The age of ' Dl L i mudtt L bl i
metamorphism of these rocks is about 17. During extension, the brittle

to 30 million years (Mid-Tertiary time). ' . Upper*magazine” rocks would often
separate from the lower layers and travel
Plutonic and metamorphic core rocks range in age from considerable distances horizontally,

early Proterozoic to mid-Tertiary, and form nearly contiguous
exposures that occupy much of the Tortolita, Santa Catalina, and
Rincon mountains



(Wemit;ke and éurchﬁel, 1982), has influenced the evolution of
continental crust through time as surely as has the contractional
strain of orogeny. The dozens of Cordilleran metamorphic core
complexes distributed along some 2,500 km of the intermountain
belt from southern Canada to northern Mexico (Coney, 1980b)
are worthy of careful study because they constitute perhaps the
most dramatic record of intraplate extension exposed

CRUSTAL EXTENSION

Middle Tertiary tectonic activity in Arizona was
dominated by widespread normal faulting and fault-block
rotation that accommodated major northeast-southwest to
east-northeast —west-southwest crustal extension. Movement
occurred on low- to high-angle normal faults, and many
high-angle normal faults are known or suspected to be
truncated downward by, or to flatten downward and merge
with, major detachment faults. Detachment fauits in
Arizona and the southwest have several to several tens of
kilomezers of displacement and are the most important
struccural features of mid-Teriary age in the Basin and
Rang= Province.

Causes of Extension

The ultimate cause of mid-Tertiary magmatism and
exteasion is controversial. Magmatism has generally besn
considersd to have resulted from subduction of ccsanic
lithospher= beneath western North America, and spacs-
time patteras of magmatism have been viewed as the result

of the changing dip and configuration of the subducted
lithosphers -

30to 17 MILLION YEARS AGO

METAMORPHIC ROCKS

PRESENT TIME, AFTER TUCSON BASIN SUBSIDES
AND EROSION OCCURS

o

* 70 MILLION YEARS AGO

The proposed reason for regional
extensionisthata large amount of hot,
mushy magma had intruded into the base
of our area. The intrusions fieated and
distended the region, causing the racks
to arch upwards. Then, asthe buried
mush relaxed and spread out. the brittle
overlying rocks were pullec apart or
extended.

One line of evidence for substantial
stretching comes from rocks of the Rincon
Mountains, an extension cf the
Catalinas. Matching rocks were found 20
miles apart, showing that slippage here
was of that magnitude. The 2astern rocks
were on the bottom “magazine” and the
western ones, in Rincon Valley, wereon
the top, but displaced 20 miies.

Otherevidence is derived from a com-
parison of certain rocks of the Catalinas
with those of the Tucson Mountains. The
rocks in question are at the same eleva-
tion, frowning at each other across the
Tucson Basin. Yet the mineralogical
character of the Catalina rocks shows
that they were formed pérhaps eight
miles deep in the crust, while the Tucson

~ Mountainrocks were formed at the sur-

face. Therefore, the Catalina rocks must
have been uplifted eight miles to their
present position.
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mid~Tertiary secimentary rocks
Tsm, San Manue! Formation
T3, Soza Canyon facies
Tsk. Ketsay Canyon facies
Tsp, Paige Canyon facies
TCS.MW
Gmmm?mﬁm“
Toa, Pantano Formation
Trmd, Minsta Fermation
5] mia-Tertiary vokeanic rocks
Ttv, volcanics of Tucson Mta.
Tev. veicanic member of
Cloudburst Formation
Tgv. Galuro Voicanies
[ mia-Tertiary myiontic tabric

mid ~Tertiary granitic rocks
(Catasna and Tortcita




vgrealer ian sanu s, Or ¢ mm In giariewer), anguial, anyg
sroken rece fragments that are cemented together in a
liner-graine2 matnx (which may or may not be similar to the
lager fragments) anag that can be of any compasition, arigin,
or mode of acsumulation: the consolidated equivatent of rub-
bie. Accaraing to Weodtord (192S. p.183), the rubbie content
must be greater than 80%. Breccia is similar to conglomerate
excapt tha: maost of the fragmants have sharp edges and un-
wern cornass: the term “breccia™ formerly inciuded conglom-
erate. anc .s still scmetimes so used in Eyrope. The rock can
te formec :n many ways, chiefly by sedimentation (sedimen-
fary brecsiar, igneous acuvity (igneous breccia). and diastro-
snism (tecssnic breccia).

brecciated {geoi] Converted into, characterized by, or resem-
Ying a brecs:a: esp. said of a rock structure marked by an
iccumulaticn of angular fragments, or of an ore texture show-
ing minera; ‘ragments withaut notable rounding.

caldera A iarge, basin-shaped voicanic depression, more or
less circular or cirguelike in form. the diameter of which is
many times greater than that of the included vent or vents, no
matter wnat lhe steepness of the walls or form of the fleor
(Williams. 3941). See aiso: collapse caidera; erosion caldera;
exglosion caicera.

cataf:lasis Rock deformation accomplisned by fracture and
rowation of mineral grains or aggregates without chemical re-

Saonstitution. See aiso: caraclastic metamorphism; cataclastic
rock.

cataclasite 4 -ock formeq by cataclasis: a cataciastic rock.

chlorite (a1 A group of platy. monactinic. usually greenish
minerals cf general formyla: (Mg.Fe=2Fa=3)3AlSiy015(OH),.
It is charac:erized by prominent ferrous iron and by the ab-
sence of caicium and alkalies; chremium and manganese may
aiso be prasent. Chlorites are associatea with and resemble
the micas (the tabular crystals of cnlorita cleave into small,
thin flakes cr scales that are flexible. but not elastic as those
of mical, ana are widely distributed, esp. in low-grade meta-

mgrphic rocxs. or as aiteration produc:s of terromagnesian
minerals in igneous rocks.

chiorite schist A schist in which the main constituent, chlorite.
Imparts the schistosity by parallel arrangement of its flakes.
Quartz, epiccte. magnetite, and gamet are accessories; the
latter two cfien as conspicuous porphyroblasts.

clastlc rock (a) A consolidated sedimentary rock composed
principally of braken fragments that are derived from preexist-
ing rocks (of any origin) or from the sofid products formed
during chermicat weath'ering of such racks, and that have been
transported mechanically to their places of depositicn: e.g. a
sandstone, conglomerate. or shale. or a limestone consisting
of particles derived from a preexisting limestone. See also:
epiclastic rock. Syn: fragmantal rock. (b) pyroclastic rock.
{c) bioclastic rock. (d) cataclastic rock.

clastic sediment A sediment formed by the accumulation of
fragments derived from preexisting rocks or minerals and
transportec as separate particies to their places of deposition
by purely mechanical agents (such as water, wind. ice, and
gravity): e.g. gravel. sand. mud. clay. Ck: detrital sedimant.
Syn: mecnanical sediment.

collagse caidera A type of caidera produced by collanse of
the roct ef a2 magma chamber due to remaval of magma by
voluminous pyrociastic eruptions or by subterranean with-
¢rawal of magma. Most calderas are of this type. Cl. erosior
¢aldera; explosion caldera.

tion. resuiting in ngepencent styies ¢! geformation in the
rOCKS above and beiow. It is assoc:ates with folding ana with
overthrusting, but it is merely a cess::gtive term. Etymol:
French. “unsticking. detacnment”. C: tectonic denudation;
disharmonic loiding. See also: beccing-alane slip. Syn: de-
tachment. Qbsolete syn: strip thrust.

detachment [tault| dacollemant.

gneiss A loliated rack formed by reg:cnal metamaorphism in
wnich banas or lenticles of granuiar munerals alternate with
panas ana lenticles in which minerais Raving flaky or elongate
pnsmatic habits predorminate. Generaily less than 50% of the
mnerals snow preferred parallel arieniaton, Although a gneiss
13 commoniy feldspar- and quartz.rica. :he mineral composi-
uen is not an essential factor in its gefinition {(American
usage). Varneties are distinguishes 35y texture {e.g. augen
gnerss), characteristic minerals (e.5. hornblende gnaiss), or
general composition and/or arigins {e.5. granite gneiss). See
alsa: gneissic: gneissoid: gneissose.

gneissic Pertaining 0 the texture or structure typical of
gneisses. having fatiation that is wicer spaced. less markeq,
ang often maore discsntinuous than that of a Schistosa texture
or siructure (Johannsen, 1931). CI: greissoid: gneissose.
gneissic structure In a metamorphic rocx, commonly gneiss.
‘he coarse. textural lineation or barcing of the constituent
mmnerals into alternating silicic anc mafic layers. Syn: gneis-
scsity: gneissose structure, CI: primary gneissic banaing.

megabreccia (a) A term used by Larces (1945) for a rock
produced by brecciation on a very large scale. containing
biocks that are randomly orienteg anc invariably inclined at
angles from 6° to 25° and that range ‘rom a meter to more
than 100 m in horizontal dimension. (9) A term used by Long-
well (1951) for a coarse breccia csntaining individual blocks
as much as 400 m long, develoges cownslope from large
thrusts by gravitational sliding. It is cartly tectonic and partly
sedimentary in origin, containing blocks ihat are shattered but
little rotated.---Ci: chaos.

microbreccia (a) A poorly sorted sarcs:one containing rela-
tively large and sharply angular particies of sanc setin a very
fine silty or clayey matrix: e.g. a graywacke. It 1s somewhat
less micaceous than a siitstone. (b} A Sreccia within frag-
ments of a coarser braccia (Sander. 1951, p.28).

mylonile As introduced by Lapworty in 1885. a comgpact.
cherttike rock without cleavage. but with a streaky or banded
structure. produced by the extreme granu!ation and shearing
of racks which have been pulverizea and rolled during over-
thrusting or by aciion of intanse dynamic metamorghism in
general. Mylonite may also be descrites as a3 microbreccia
with fluxion structure (Hoimes. 1920). See alsc:protomylanita:
ultramyionite: blastomyionite.

mylonile gneiss A metamorphic rock that is intermediate in
character between mylonite and schist. Feisic minerals show
Cataclastic phenomena without much recrystallization. and
often occur as augen surrgunded by and alternating with
schistose streaks and lenticels of recrystallized mafic miner-
ais (Hoimes. 1928, p.164).

mylonitic structure A structure characteristic of mylonites,
produced by intense microbrecciation and shearing which
gives the appedrance of a flow struciure. Ct: flaser structure.

mylonitization Deformation of a rock by extrame microbrec-
ciaticn, due to mechanical forces apglied in a definite direc-
ticn. without notewarthy chemical recanstitution 6f granulated
minerals. Characteristic features of e mylonites thus pro-
duced have a flinty, banded. or streaked appearance. and un-
destroyed augen and lenses of the parent rock in a granulated
matrix (Schieferdecker. 1959). Also spelled: mylonization.
mylonization mylonitization.



arogeny Literaily. the process of formauon of mountains. °

By presemt geological usage orogeny i1s the process by
which structures within mountain areas were formea. inclua-
ing thrusting. lotaing. ana laulting in the outer and higher
layers. ang plastic folding. metamorphism, and plutonism in
the inner and deeper layers.

thyolite A group of extrusive igneous rocks. generally porphy-
ritic and exhibiing flow texture, with phenocrysts of quarz
ana alkali felaspar (esp. ortnoclase) in a glassy to cryptocrys-

©
creasing alkah lelaspar content ang into trachyte with a de-

crease in quar:z. Etymol: Greek rnyo-. trom rhyax. “stream of
lava™. Syn: hizarnte: quartz tracnyts. Cl: quartz oorphyry.

schist A strongly foliated crystalline rock formed by dynamic
metamorphism which can be reacily split into thin flakes or
slabs due to the well deveioped parallelism of more than 50%
of the minerals present, particularly those of lamellar or efon-
gate prismauc habit, e.g. mica. hornblende. The mineral com-
position is not an essential factor in its definition (Amaerican

talline grouncmass: also. any rock in that group: the extrusive

: usage) unless specifically included in the rock name. e.g.
equivalent of granite. Rhyolite grades into rhyodacite with de-

quartz-muscowvite schist. Varieties may atso be based on gen-
eral composition, e.g. calc-silicate schist. amphibglite schist,
Qr on texture, e.g. spotted schist.

Evolutionary cross seetions of 2 hypothetical detachment faulxduuilcshmmnc:ndthcfonnniogl of ameamorphic corecomplex.
(A) Detachmezt fault is shown as initially planar below § km and listric above. The detachment fault projecss downward across the brittle-
ductile transition to become a ductile shear zone. (B) Isostatic upiift of the lowerpiaz:du:todnudnnu:.x.luds to arching c_meroam .
Footwall rocks eriginaily mylonitized below the brittle-dustile transition mmuaﬂyxhnnghmeu:nsnonmmovupmwdbv brittle
structures adjacent to the detachment fault. Syntectonic sediments fill grabens and half grabens, (C) Continusd arching and uplift of the
footwall result in termination of detachment-fault movement to the left of the arch and formation of 2 secondary breakaway to the right.
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CROSS HILL LANDSLIDE

Cathy Steffens

The base of a large landslide is exposed at the Cross Hill clay
quarry in Cienega Gap. We'll look for all the features Yarnold and
Lombard say we're supposed to see: deformed substrate, clastic dikes,
comminuted limestone, and lots of busted up rock. The Pantano clay

-itself is pretty neat, too. It's mined by the Phoenix Brick Yard to
make, among other things, bricks for new U of A buildings.

Landsliide area: 6 km?
volume: ~20x106 m3
length: 4.5 km
thickness: 1-50m in distal portion
vertical drop and horizontal travel unknown
age: sometime after deposition of Pantano (~25 Ma) and before
Neogene basin fill; probably between 20-12 Ma

References:

Balcer, R.A., 1984, Stratigraphy and depositional history of the Pantano
Formation (0ligocene-early Miocene), Pima County, Arizona: Tucson,
U of A M.S. thesis, 107 p.

Dickinson, W.R., 1991, Tectonic setting of faulted Tertiary strata
associated with the Catalina core complex in southern Arizona:
GSA Special Paper 264, 106 p.

Drewes, H. , 1977, Geologic map and sections of the Rincon Valley
Quadrangle, Pima County, Arizona: Tucson, USGS Map 1-997.

Houser, B.B., 1992, Industrial Minerals of the Tucson Area and San
Pedro Valley, southeastern Arizona: AZ Geol Survey field trip,

Apr. 4-5, 1992, 55 p.

Melosh, H.J., 1987, The mechanics of large rock avalanches: GSA
Reviews in Engineering Geology, vol. VIIl, p. 41-49.

Yarnold, J.C., and Lombard, J.P., 1989, A facies mode! for large rock-
avalanche deposits formed in dry climates, in Colburn, Abbott, and
Minch, eds., Conglomerates in basin analysis: Pacific Section,
S.E.P.M. Book 62, p.9-31. o
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Look for these exciting features at Cross Hill:

Figure 12. Basal contact of the Cross Hill breccia
deposit at Cross Hill clay quarry, showing (A) east-
dipping undeformed substrate sediments, (B) imbricated
slices of sandstone and mudstone substrate sediments
(marker bed shaded), (C) interval of thoroughly commi~
nuted limestone, (D) matrix-rich breccia with cobbles,
and (E) matrix-poor breccia. Seale bar is 1 m.

Jarnold + Lombard, 1999, p-11.
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Figure 15. Characteristic features within proximal-ard distal pertions of large rock-
avalanche deposits investigated, sbowing: substrate (S); undisturbed substrate {UDS);
disturbed substrate (DS); mixed zane of entrained substrate and comminuted breceia
(M2); disturbed zone (DZ) of the breccia sheet (BS) that displays comminuted slip
surfaces (CSS), and is intruded by clastic dikes (CD) and intrusive stringers (IS; load
structures and poorly-developed clastic dikes) derived from the mixed zone; matrix-

- Poor zone (MPZ) of the breccia sheet; and overlying sediments (0S). In places, a dis-
coatinucus megabreccia €ap occurs along the top of the breccia sheet.

Yovasld «Lombacd, 1489, p2u .
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Texas Canvon

with your charming hostess
Val "the Gal" Hillgren

The Texas Canyon Stock:
* quartz monzonite (lots of feldspar)
* dated at = 50 Ma (Laramide Orogeny)
* intrudes the Hildago and Cochise thrust faults
in the southern part of Little Dragoons
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Fig. 17.6 Geometry of spheroidal weathering,
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Figo=3. * Willcox basin drainage area.
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B Clay Dunes of Wilcox Playa |

Clay Dunes of Wilcox Playa

Bill Bottke, Moderator

Basic Review of Plavas

Playas are flat and barren lower portions of arid basins that
periodically flood and accumulate sediment. They only form in climates
which sustain high annual evaporation/precipitation ratios (often 10:1).
Seasonal flooding and evaporation often leave a thin layer of fine mud on
the valley floor, which dries in the sun to form a very flat, dry lake bed of
hard, mud-cracked clay. This surface layer may also be covered with a
bright white layer of dried salt if (1) the playa’s runoff contained a large
amount of dissolved salt or (2) the seeping ground water brought salt to

the surface.

Clav Particles and Wind Transport

You can’t form | ™ The dry mud flats are composed primarily

clay dunes on of small clay particles (~ 4 pm).
. : Y P M

m For small particles, suspension domi-

nates transport. Earth’s atmospheric den-
sity and wind velocity are insufficient for
the clay particle transport by saltation.

m Consequently, any wind strong enough to"
lift a clay particle would carry it away
from the playa.

Figure 3.9. Modes of particle transport by wind. Indicated particle-size ranges in
different transport modes. are those typically found during moderate
windstorms (¢ = 10°-10"cm?s™'). -

|
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B Clay Dunes of Wilcox Playa =R

Itold youso! | ® Particle movement in the atmosphere is
My theory says dependant on atmospheric density, wind
no dunes! velocity, and particle size.

m The difficulty in picking up small
particles increases with decreasing grain
size.

m Big particles can be easier to move than
small particles if particle size is larger
than each “air” sublayer size.

Turbulent Flow: Non-regular fluid
Tichilent motion. Eddies, rapid interchange

2 of momentum. Particle suspension.
=8 A
s | 000
= Laminar Flow:lslteady flow, fluid
; moves in parallel layers. Difficult
—'/ Laminar to pick up small particles. -
Wind Velocity

siLY

Suspension

L e
= u“‘- $o® ‘l\"} -
0rf= ‘w.l:::‘“wﬂ ¥

w®
\'—/ '

of Comenon sand
TSam
= cssens
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B Clay Dunes of Wilcox Playa ®

Clav Aggregates

Bonehead!
Clays can form
larger particles
by bonding!

m Along the margins of drying salt flats,
aggregates of clay minerals are formed by
the processes of mud cracking, salt
crystallization, and hydration. .

m These clay pellets can be sand-sized (62-250
pnm), allowing saltation to occur.

m Salt is a necessary component, since it
cements clay particles, prevents vegetation
and promotes blistering of the playa’s mud.

Composition of Clay Aggregates
Typical clay pellet composition consists of clay and quartz, with a
mixture of minerals including kaolinite, illite, smectite and mixed-layer
clay, chlorite, feldspar, and carbonates. Dunes of Wilcox Playa contain
laminae of quartz sand and felspar (with) playa crust fragments, making
them analogous to the Texas Gulf Coast clay dunes.

taguUM 7.2KU SED GesS4-,-a8

Figure 3.28 Scanning electron micrograph showing sand-size clay pellets from the shores of a
saline lake, Argentina (sample collected by A. T. Grove). Scale bars = 100 um.
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B Clay Dunes of Wilcox Playa =

Formation of Clay Dunes

Precipitation and Evaporation, Clay Formation of
Flooding of Play Pellet th't'}ggtm“’ Transverse Dunes

Three main factors are involved in the formation of all clay dunes:
1. Saline environments

m Salts inhibits vegetation which would trai) aeolian sediment on
the dry playa surface.

m Efflorescence of salts in exposed surface clays produces sand-
sized clay pellets.

2. Seasonal flooding

® Flooding promotes new clay aggregate formation.
m It also prevents vegetation from forming on the playa.

3. Rapid drying followéd by deflation

m High evaporation rates lower the region’s water table, exposing a

wide expanse of bare mud flats.

m High temperatures dry the muds and produce the efflorescence of -

salts needed to form clay aggregates.

m Rapid drying is also needed, since saltation must occur before the
onset of the next humid season, where the clay pellets become
stabilized by hygroscopic absorption.

. .
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B Clay Dunes of Wilcox Playa =

Formation of Clay Dunes, cont.

Clay dune formation is restricted to regions with seasonally high
evaporation rates. For example, the mean temperature of the hottest
months where clay dunes form in Texas is 28.7 °C. After seasonal flood-
ing and evaporation, clays break down to form a layer of fiuffy pellets
which are then transported by strong dry winds to the margin of the salt
flats. It is important to note that dune formation is also aided by a sea-
son of strong and unidirectional winds. Accumulation of the clay pellets
occurs where the surface has been stabilized to some degree (i.e. vegeta-
tion, fences, rough terrain, etc.). The subsequent formation is a trans-
verse dune ridge. However, the clay dunes formed have morphological
and structural features mgmﬁcantly different than quartz dunes (QD)

30 M A TreTy A N " 1 12 [ TS ST ST U I BTN S Y []
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l-'igm 44 Vasiation of the fluid threshold velocity and the impact threshold velocity with grain
size. The distinctions between the saltation and suspension modes of transport, and between
crosion, uanspomuon. and depoanon. are also shown. (Duta parntly ﬁ'om Bagnold 1941, p. 88,
. ) . ‘and Chepll 19450
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B Clay Dunes of Wilcox Playa ®N

Characteristics of Clav Dunes

Clay dunes are transverse to dominant
wind direction and they do not migrate
from the source area (unlike QD).

Typical sizes rarely exceed 20 m in
height (5-15 m common).

Leeward slopes are very gentle, while
the windward slopes are steep (opposite

QD).

Fig.2 Phn and section characteristics of lunettes and barchans. High clay content of lunerttes brgely
determines their plan orientation, cros-section morphology ind bedding chanacteristics. Compound
leaettes representing two separate hydrologic environments, 3 high-water, quartz sand facies and 2
low-water, saline facics (clay-rich component), are present on some bkes in southeastern Australia

| .
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B Clay Dunes of Wilcox Playa =

Dune Structure

The slope of the dunes is a consequence of clay aggregates affecting

the depositional processes:

Lavered accretion: The seasonal absorption of moisture by the clay
aggregates prevents further movement of last season’s accretion
layer. Thus, the thick accumulations of mobile aggregates necessary
for generating large slip faces (as in QD) do not normally develop.

The thin layer accumulated next season already has a stabilized
surface. This layer-by-layer accretion generates dune topography and
controls the internal structure.

The seasonality of stability and the consequent inability to form deep
mobile deposits prevent clay dunes from migrating from their
immediate source. This is different from QD which form parabolic
dunes on the downwind margin of lake shore.

Thus the presence of low-angle planar beds and absence of cross-sets
in clay dunes in consistent with the absence of steep downward slopes
from their surface morphology.

n
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Figure 1. Index map of Willcox Playa area and part of Willcox
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ARIZONA
NEW MEXICO

~

Figure 1. Geologic index map of the Chiricahua Mountains (after Marjaniemi. 1969), showing field trip localities

(by number) and areas of more dewiled map figures.
Cretaceous to Precambrian rocks. Approximate struciunl
of the Portal caldera indicated by heavy lines.

units. These preliminary results suggest that unit [ may have been
separated by at least a few hundred years from units Il and lll,
and that unit | may contain more than one cooling unit. Never-
theless, the overall tight clustering of the dat is consistent with
origin of 2l the rocks in a relatively short period of time: all of
the directional variation can be explained by secular variation.
Latra recognized 2 depositional break within the intracsidera
tuff, and. on the basis of major-element chemistry, he correiated
the lower depositional unit of the intracaldera sequence with his
upper unit of the outflow wif (Monument member, unit III) (Fig-
ure 5), leaving correlation of the upper unit of the intracalder
wif and the two lower depasitional units of the outflow tuff in
question. He suggested that the later part of the main eruptive
sequence (upper unit of intracaidera tuff) ponded in the calderz
and that the outflow sequence includes units erupted before and

32

Trc = welded tif of Rhyolite Canyon Formation; K-p€ =
| boundary of the Turkey Creek calders, and NW boundary

after caldera collapse. The lower ash flow units of the outflow
tuff may have erupted during the initiai stages of caldera forma-
tion, prior to significant collapse, and accordingly are mot pre-
served inside the caldera; alternatively, they may exist in the sub-
surface, below a3 monzonite porphyry sill (see discussion). We also
note the chemical similarity of the upper cooling unit of the out-
flow sequence with the in tuff. Although there is con-
siderable variation in the alkalis and rubidium, the more immobile
clements show good agreement between the two units (Table 1).
Dacite lava overlying the ash-flow sequence in the National
Monument (dacite of Sugarlcaf Mountain) is chemically and petro-
grapaically similar to porphyry of the ring intrusion and to the
carliest lavas erupted [rom the ring intrusion of the caldera at
Barfoot Peak (Table I: locality is mear Ida Peak on Figure ).
Because of the lack of vent structures closer to Sugarlcaf Moun-

Pallister and others
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Figure 9. Geologic map {a) and interpretative cross section (b) ‘of the sortheastern segment of the ring intrusion,
Turkey Creck calders. Field trip localities are indicated by stop number. Profile lige shows preseat topography.
Stippled areas represent carapace breccia. Qls = Quaternary 1andstide depesit, QTls = Quaternary or Tertiary land-
-slide deposit. El Tigre conglomerate, an informal unite of Tsugii (1934). .
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the moat sequence that caps Ida Peak.
east (toward Barfoot Peak). This traverse
rough flow-{oided rnyoclite lava and lower
the lower moat-rhyoiite, then into platy-
nzonite porphyry with local rempants of moat
erosional(?) surface, and [inally into glass-matrix
Fthat cap Barfoot Peak. Please xeep logether; we will
Fto the top of Barfoot Peak. insiead congregate on the
spur ridge, then “peel of ™ to the south to intercept the
traii Sack to the cars.

Stop 8 -- Ring dixe {eeder zane

Backtrack 0.8 mi on the Barfoat Park Road, leave one vehicle
a the Barfoot lookowt (Buena Vista Peak) trcilread (at the cattle--
guard), then proceed 0.2 mi to the Rustler Park Road, turn right
(south) and drive 1.0 mi to the Barfoot Campground; continue
south, past the cabins and on the 4-wheei-drive road 1.0 mi, turn
right (uphill) on side road, proceed Q.1 mi, veer right and continue
another 0.1 mi to Bootlegger Saddle. Hike north, up the west face
of she ridge, through vesicular and lavalike platy weathering mon-
=onite (dacite) porphyry for about Q.2 mi to the prominent spur
wes: of Hillside Spring (Figure 9). Descand 100 {1t in elevation (to
the west) on the spur to a prominent low ciiff and hoodoo that
mark the contact berwesn monzonite porphyry of the ring intru-
sion and intracaldera twff.

Look carefully at the monzonite porpnvry as you descend to
the zliff; this rock has a subhorizonrtai platy jointing and euraxi-
tic-iike structure. Interlayered zones of pumicsous(?) quartz-iree
menzonite/dacite porphyry with and without feldspar megacrysts
ars present. Tne cliff is composed primarily of spnerulitic quartz-
sanidine rhyoiite that locally preserves ghost-like flow banding,
flow folds(?) and spatter breccia fragments. A few meters below
the top of the cliff (to the south) is an outcrop containing a
iG-cm-diameter block of quariz-bearing feldspar megacrystic
pumice. The pumice is chemically similar the twff of Rhvolite
Cacyon, although it has anomalously high MgQ, CaQ, MnO, and
Srand high Lz, Ce, and Nd (Tabie 1). Please do not collec: hrere,
cr tnis is @ rare occurrence.

These outzrops are interpreted as pyrociastic spatter breccia
that jocally forms the inboard margin of the monzonite porphyry
ring iatrusion. Both the inboard and outboard contacts of the
inirusion form steep slopes that are generally obscured by talus,
A7 howsver, in both situations isolated outcrops of breccia have been

found. Similar outcrops of pyroclastic and reworked breccia were
opserved near the outboard side of the ring intrusion, north of
Barioo: Peak, and near Flys Park (0.8 mi SSE of here, Figure 9).
These ogutcrops suggest that the true width of the ring dike at
~ may locally be less than a few hundred meters, and that the
km-wide band of porphvry exposec at the surface is
vated in width by dome and lava flow infilling of the cal-
cera moat. This relation is also suggested by the flow-like part-
ings 2nd intercalated airfall tuff within the monzonite porphyry
;x:pscc' in the cliffs below Centella Point, Barfoot Peak and Ida
23,
_ Samples of dark and light zones within banded breccia blocks
1o ouizrops near Flys Park have chemical compositions that suggest
mingiing of high-silica Rhyolite Canyon tuff magma with monzo-
aite porphyry magma (Table 1). Dark grey dacitic fiame or
migma blebs that are similar to monzonite porphyry (by virtue of
conuining feldspar megacrysts and fine-grained lithic inclusions)
ire iso common in the upper part of the inrracaldera wff. These
reiations suggest a transition in eruptive style within ring vents
that initially erupted the tuff of Rhvolite zanyon, then dacite
(mozzanite) porphyry.

Stop 9 -- "String of Pearls”

Return to the cars and backtrack to the Rustler Park Camp-
grounc. Hike northwest from the campground and intercept the
fidge trail to Buena Vista Peak. Please keep together. We will
follow the crest of the ridge (above and parallel to the trail) from
ﬂ!_! first saddle 1o the trail forks at the saddle just south of Buena
Visa Peak (Figure 9). We then take the right fork and descend
10 the car we left at the Barfoot Lookout (Buena Vista Peak) trail-
head. Drivers will be ferried back for the vehicles. [/ vou get
Iu::‘ or separared descend to the east. You should cross the Rustler
Park-Buena Vista Peak trail just below the ridge crest, then the
RUSIE.' Park Road, 200 to 350° (elevation) below the crest.

inis traverse takes us through the “String of Pearls”, a series
of dacite porphyry lava domes atop the monzonite porphyry ring
dike. Thcse are interpreted as the extrusive equivalents of the
Mmonzanite porphyry. They have glassy basal/marginal carapace

Pallister and others

breccias, and show similar relations to those seen at Barfoot Peak
(Stop 7). Excelleat overviews of the caldera to the west and north
are available from the ridge crest.
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Figure 10. Working models for structural stages in the
evolution of the Turkey Creek caldera. (a) batch model; (b)
anatectic ‘model for stages 5 and 6. Trc = wff of Rhyolite
Canyon Formation; Trcl = lower members (units 1 and II of
Latma (1983) of outflow twuff of Rhyolite Canyon Formation);
Trei = intracaldera facies wff of Rhyolite Canyon Forma-
tion; Tmp = monzonite porphyry.
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Day 2:

Chiricahuas to Socorro
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AGE

EVENTS IN NEWV MEXICO

ERA PERIOD =POCH -
Praser: arosicn cycie trencnes Pleistocene cecosits, party refills Rio Grande Aift
: Recent valley. asalt erugons buile cinger cones ana lava flows near Grants, Carrizozo,
QUATERNARY and Cazulin.
a 01 < Cycic arosion, procuc: of receatea glacial Cyc:es {anther north, altemately trencnes
Pleistocene and &is :ne Rio Grance Valley. Small meuntain glaciers devalop in northem New
Mexicz Tountains. .emez volcano erupts and coilacses.
@ 2 - Basins zatween ranges {ill with decris eroded from sumounding mountains. Scme
LaJ E Pliccene drainaga integrates: :ne Rio Grande bacomes a thrcugh-ilowing stream.
B ; § = Increzsng crusiai :ansion creates dasins anc ranges ¢f southem New Mexico.
E 3 Miocene intense vcicanism =uics and destroys many iarge voicanoes in the southwest part
O & | TERTIARY of the s:ate.
< T 24 = The =ig Grande Sift cegins 10 sink between wo ses of fauits. West of the
Oligccene still-siring San Juan Basin, plateaus daveioo.
37 - Deons fem the Recxy Mountains fills the San Juan 3asin, Mammals diversify,
Eocene diversiy, many the ancesiors of medem forms.
58 -+ Contnued rise of Acexy Mountains and initiar sinking of San Juan Basin
Paleccene amom:ames wgs:wa{d drift of gonﬁnent. Mammals {ourish on land.
Minerai-cearing intrusions form in parts of the state.
68 = Nortn~merica breaxs away from Europe and starts to Grift westward. Briefly, a vast
CRETACEOQUS sea csvers parts of New Mexica. The Rocky Mountains rise to the north. Finally, a
(o) § K great 2xinction annihiiates many forms of life, snding the Age cf Aeptiles.
< 144 < seasctsand swees in wide deserts across northem New Mexico. Dinosaurs roam
8 g JUH‘:SSIC river dccdslains anc near-shore marshes.
g 2 . 208 - Coasai siain, flcocziain, ana deita deposits spreag across state, their sediments
< TRIASSIC .| derivec ‘rom ancestral Rockies. Explosive veicanism adds volcanic ash to these
B | sediments. Dinosaurs acgear.
245 - Southem seas agvanca across much of New Mexico, A large barrier reef developsin
PERMIAN ' the soum, ‘ollowed Sy dryingupof the sea and creaticn of extensive salt and gypsum
P . deposits. Lacally. erosicn removes some eariier sedimentary layers.
‘ 286 - A soumem sea covers much of New Mexico with sand, mud, and limestane. With the
PENNS::VAN'AN riga of e ancestral Rockies, sediments become coarser.
g g k MISSISSIPPIAN] 330 = widescread deposition of fossil-bearing marine limestone is followed by uplift and
8 2 M " | deveiccment of karst topography with solution cavems and sinks.
; g DEVONIAN D 360 < Maring ceposits—imestane and shale—lomm in shaliow seas.
m SILURIAN S 408 -1 Marne ceposits form. Mos: are later ercded away.
GRDOVICIAN 438 -} Marine ceposits—imastona and shale—form in shallow seas. The first fishes
o appear. _
505 - A wesiem sea acvances acress the stripped Precamorian surface, depositing
CAMBRIAN. .|. - - . sancstcne. shale and limestone. Shellfish are widespread and abundant:the Age of
R _Fishas has bequn.
8§70 -7 Episoces of mountain-builging and volcanism altemate with periods of maring and
PRECAMBRIAN non-marine sedimentation. Intrusions of granite occurred roughly 1.35 billion years
?' PY-I ago. Finally, a long period cf erosicn flattens the landscape.

"Geologic calendar
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Chronologic Summas= 53 Cruscal Zxzensisa, The diszribucion ofﬁnoz aic
cTusiaispreaaing ia --ze and 37ace a1 Ine wescer= Norrh American olace
can be summacized as Isilows: .

(@) 30 co 20 a.v, 229.——Rapid sprazdiag, closaly spaced normal faul:s
and fault block TICailoa, accompaniad 3y eruptisn of Yasalric andesitas
and high-siliza thyolizas, took placz ia the Ri>5 Grande tifz area a:
shallow cruscal lavels (Chambesiin, 3373). Local bdlock faulting of cthe
shallow crusz (Crowe, 1978) and regisaal ductile exiension of the middla
crust (Eaton, 1979) oczurred ia the SoacranDeser: sacrion of the southerz
3asia and Range provi-zca, This deforzazion occurcad within abroad caic-
alzxalic, voleaaic are.

(b) 20 to 10 a.v. az9.—Crustal rifziag and zoz=al faulting occurred
chroughout mos:t of whas is now the 3asia aand Range and Columbia Placaaus
proviaces, locally accazpanied by the voluainous eraption of basalt. Hors:c
and graben structure developed fa the 2uo Grande rife area with lictle
teandency for faul: bisck rotazion ané ac a reilatively slow spceading
rate (Chamberlia, 1973). a lull in magmatism that sccurred throughout most
of the west [n the fizst part of tais period is probably indicative
of a generally slowed spreading rate. Zxcaasional deformation took place
behind both the volcanic arc, which was aow Rarrowar, and the northward-
growing transfora boundary at the weszara margin oI the continent.

(¢) 10 m.v. ago to the resent.—I1 the Basia and Range province,
there was a rescriccion of extensional spreading to the Great Basin section
alone. Extensional deformation coatizued in the Rio Grande rifc, with
a pronounced pulse of uplift and bleex faulting in the middle of this
period. It was accompanied by northwes:t extension in the Humboldt zone
of the northera Great Basin. The direczion of Spraading changed markedly
from southweset, in the previous periocd, to due west and northwest, in
this period. The south ead of the volcanic arc migrated rapidly northward,
ia consonance with migration of the Meadocino triple junction. Crustal
spreading coutinued behiad both the arz and the transforn boundary.

Mec\'\c’m}sm§' '
———— ey

BACK ARC  IARG
"R 1 omenonary
b/l
NENTAL ! /
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Fiz. 10. Back-arc spreading of contizeatal lichcsphere} by induced
convection, wodified from Toks3z and 3izd (1977). S
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Fig. 1. Schematic disgram of () the principal mechanical
clements in a subducticn zone (assmmed to be infinitely long
in this paper) and (b) a mathematical idealization of these
mechanical eolements which incorporates both strain
propagation and the offect of the subducted slab,
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Geologic History of Rio Grande Rift Jeff Johnson

‘Rift" = Elongate depressions overlying places where the entire lithosphere has ruptured in extension,
resulting in regions with large crustal blocks offset by high angle normal fauits.

DESCRIPTION:

B Extends more than 1000 km from Leadville, CO into Chihuahua, Mexico.

North of Socorro — rift is distinctive morpho-tectonic feature: greatest offsets =~ 6 km along graben--north of
Albuquerque (Bernalillo).

South of Socorro —» rift is only distinguished from adjacent Basin and Range terrain by geology/geophysics
(heat flow, crustal thickness from seismic data).

[ Southern Rio Grande Rift 12 characterized by:

* high heat flow (> 100 mW/m*) * young (< 0.4 Ma) faults

* young (< 4-5 Ma) basaltic volcanoes

* 1.5 km+ deep basins, compared to the < 1 km deep Basin and Range (B&R) grabens.

* crustal thinning (inferred from seismic profiling and gravity anomaly studies).

B A broad gravity low (up to -200 mgals) exists across the state upon which is superimposed a regional
relatively positive Bouger gravity anomaly. In combination with the observed low crustal densities and seismic
velocities, this positive gravity anomaly might be explained by a combination of crustal thinning and associated
upwarp of low density aesthenospheric materials.

EVOLUTION OF RIFT:
O Pre-rift settings: '
* Most of southern N.M. was a cratonic back arc region during Laramide compressional event (65 Ma); only
southwestern corner of state had a magmatic arc.

* Oligocene magmatism provided andesites and large volumes of rhyolitic ash flow tuff sheets from cauldron
complexes.

* By about 30 £ 2 Ma the dominant, stable stress field had become one of extension.
B Early extension and volcanism (30-18 Ma):

* Extension may have begun with a postulated rapid increase in the dip of the subducting slab.
* "Basaltic andesite” overlies the tuifs extensively; these flows are associated with shields or cones and can
range from mafic andesite to latite (K-rich) and are calc-alkaline (high SiO,, with Ca, K, Na).

Heat source which generated these materials may be related to an earlier, perhaps subduction-related,
event and not the rifting directly. High geotherms made the lithosphere thin and weak, and onset of rifting
may have provided the magma access to the surface.

* Broad, shallow basin formation from early ~30% NE-SW extension provided sediments that are
interbedded with the volcanics. Closely-spaced low-angle faults are now observed in many mountain ranges
(e.g-» Organ Mts.) but are cross-cut by later high angle faults. Low-angle faults may have been originally high-
angle or listric faults that were rotated. Extensional style and volcanism of this event is close to that of a
similar era B&R phase.

O Mid-Miocene magma gap (18-10 Ma):
* Allows cooling and partial stabilization of lithophere as crustal extension slows.
W Late phase extension and volcanism (10-3 Ma):
* 5-20% E-W extension was characterized by widely-spaced high-angle faulting resulting in upﬁﬁéd narrow
but deep horsts, grabens and tilted blocks.

* Volcanism changes to alkali-olivine and "true® basalts and continues until 0.18 Ma, although only small
volumes were erupted in the southern rift.

)
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Fig.2. Cenowic volcano-tectonic histary of southwestern New Mexico
based on geologic data.
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The White Sands of New Mexico: Largest Gypsum Dune Field on Earth!
Your Helpful Hosts: Erik Asphaug and Jennifer Grier

From C.L. Herrick's 1900 description of the region
(J.Geol. 8:112-128)...highly recommended

Standing upon a jutting eminence of the San Anelreas and
turning chstward one lonks out upon a scene difficult to parallel,
At one’s fect is an enormaus plain, apparemly as level as a Moor,

over forty miles wide and extending as far as cve can reach to
north

andd south, On

the southern herizon rise the Jarillas
tially interrupt the plain, while to the
ped peaks of the Sierra Blanea,
Northward the plain is narrowed by the eastward intrusion of
the Uscuro range while it is possible to make out the dark area
of hasalt which covers that part of the plain to the east and south-

ing which o

ast are the snow-.

east of that range. This is the widely-know *mal pais™ of

Socorro county which has proven such an cffectual barrier to
communication between the Rio Grande valley and the growing
region of White Oaks. South of the mal pars is a great white
sen on which one can fancy the glint of white-caps. Such a
bocdy of water being out of the question the uninstructed obscrver
would surcly think himself the victim of a mirage but we
recognize in the snowy area the famous white sands. Curious
andl conflicting stories are current respecting the area but the
truth is not less interesting,
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Aeolean Processes in the Tularosa Basin
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The Physics of Blown Sand

Faierion \/ehccﬂY :

(after Bagnold)
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FIG. §O.—LOCAL DISTIIBUTION OF WIND VELOCITY OVER RIPPLES
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Dune Origin and Movement

The Tularosa Basin, which contains the White Sands National Monument, is bordered by the San
Andreas Mountains to the west and the Sacramento Mountains to the east. These mountains
contain thick layers of sedimentary rock (mostly shale and limestone). Gypsum, the single
constituent of the dunes, is soluable in water. It is easily erroded away by rainfall from the
limestone and carried to the lowest part of the basin, Lake Lucero. Since there is no outlet from
the basin for the water in which the gypsum is dissolved, it collects here. Lake Lucero is a
Playa, usually dry most of the year. As the puddles of water evaporate, the gypsum forms a crust
of selenite crystals on the lake bed. These crystals are very soft and easily broken and erroded
down in size untl they can be carried by the wind (saltated), and become sand.

The selenite sand is moved by strong, unidirectional winds. But even strong winds cannot lift
sand more than a few feet off of the ground, on average. When the sand falls back down and
impacts the sand beneath it, more sand is lofted up for the wind to carry. This jumping
movement is saltation. The sand travels up the windward side of a dune, to the crest and over
it, where sand begins to pile up. When the slope of this pile on the leeward side of the dune
reaches approximately 34 degrees, sand slumping occurs. The four types of dunes at White
Sands National Monument are Dome dunes (baby dunes), Transverse dunes, Barchan dunes, and
Parabolic dunes. '

The following interesting questions come to mind:

1. What factors favor the establishment and survival of ecosystems in the dune troughs?

2. What determines the SW - NE extent of the White Sands? How does this relate to
the dune morphology here? . S

3. Explain the existence of larger dune structures on Earth

4. What about dunes on Mars? What are they made of? How can they be so extensive?



Carrizozo Lava Flow
Mark T Lemmon

Vital Statistics
Aliases: The Valley of Fires Lava Flow, or the Malpais.

Age: Quaternary, 1000-1500 years old.

Type: Pahoehoe flow, with three small cinder cones at the north end.
Alkalic-tholeiitic basalts

Length: 75 km Width: 1-5 km Depth: 15-20 m

Area: 330 km2 Volume: 4.2 km3

Morphology:

Compound, tube fed, pahoehoe flow field

Highly vesicular, ropy flow surfaces with a glassy crust,
tumuli (pressure domes), and collapse structures

No patches of a'a

Low slope - follows ancient stream bed

Signs of a vent (radiating flow patterns, cinder cones, lava
shields, lava ponds) are found only near Little Black Peak

The problem presented by this otherwise typical pahoehoe flow is to
determine why it is so long. The solution will allow a more informed
interpretation of remote sensing data from other planets. What can make
a long lava flow? [This is predominantly based on Keszthelyi & Pieri,
1992 ] First, topography; but the slope of the Tularosa Basin floor is small.
Second, rheology. However, based on chemical analysis of samples, the
lava probably has higher viscosity than much shorter Hawaiian Pahochoe
flows. The Bingham yield strength is thought to be similar to lavas from
Kilauea. There is no evidence of a high eruption temperature or of high
water content, which could lower the viscosity. Finally, the eruption style
could contribute to a long flow. The morphology indicates a point source in
the north, as opposed to a long fissure vent. Empirical correlations with
Hawaiian lava flows indicate an extremely high flow rate would produce a
long flow (~1000 m3/s to get 75 km in length). However, pahoehoe is not
observed with flow rates over 15 m3/s. The lava becomes a'a due to the
higher strain rate. ' ‘

Keszthelyi & Pieri (1992) compare the flow to a particular Hawaiian
. lava flow (episode 48 of the 1983-present Pu'u O'o Kupaianaha flow). The
Hawaiian flow had a flow rate of 5 m3/s, and a length of 11 km. The flow
was nearly continuous, allowing lava tubes to remain open and transport
material away from the source. Thus, a long - duration, continuous lava flow
may be very long without requiring low viscosity or a high effusion rate.
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Figure 7 (Keszthelyi & Pieri, 1992): Possible emplacement history of the Carrizozo
Flow Field based on episode 48 of the Pu'u O - Kupaianaha Flow Field. (a) The initial
eruption was probably centered around the present location of Little Black Peak.
Lava flows may have attempted to advance in all directions from the source, but
found motion down the shallow slope preferable.  (b) For some length of time, a
large, stable tube system developed through the narrow "neck” region of the flow
field. This tube fed a series sub-parallel, abutting flows to the south. (c) At some
later point in time, this tube system broke down (possibly due to a longer pause in the
eruption) and further flows built up around Little Black Peak, producing the
topographic swell and radiating flow patterns observed in the present flow surface.
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whiie the interior portions remain molten and fluid.
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g lava Zom the interior.

%E\m:um'an of lava creztes 3 mobile cylinder of lava shear-
3 contact with the surrounding, more viscous lavas.

2 Differentiai sooling generates vertical joints which intersest
oo tal 3lancs formed by laminar fow within the mas-
va fow.
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surface of the wbe and when contraction in (3¢ hori-
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of the :be. Some plastc deformation may also occur
tong the upper interior surface of the tubc. Shear planes may
p along the lower interior surface in areas in which
dissipatioa has occurred (o a lesser degrec and where the
may still de plastic.

vAPrimary () and secondary (B) tensile fractures form in
e roof area and begin to outline a peripheral failure of the

H. OR: Plastic dedection of the roof arca resuits in daforma-
ticn of the tube oss section.

I. Spalling then ocsurs.

J. The tube is filled with rubble acd tilted siais of Sasalt. In
some instances this rubble fills :he collapse it 0 a point
aboygl the original roof line and e lava woe s made inze-
Cessiole.

K. Cave-like recesses found at the eads of many collapse pits
along the lava wbes.

L. Diagrammatic cross-section of :Sc channel oq the Bandera
Crater lava tube S of the crater. (See also Fig 17.)

M. Diagrammatic coas-section of the Hoyo del Inderno sub-
sidence pit. The inzerior of the pit i3 now largely covered with
22 lava extruded through fissuce vents and tensie cracks onto
asurface of tilted pahochoe slabs. (See also Figr. 25A and B.)
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Special Report:

Comet Swift-Tuttle



Impact of Comet Swift-Tuttle by Erich Karkoschka

In the early morning hours of Wednesday, August 14, 2126, comet Swift-Tuttle will
impact in south-eastern Arizona/south-western New Mexico at a speed of 60 km/s,
coming from the north-east at about 45° angle and producing an impact crater of
100—200 km diameter, or the comet will be at least in our vicinity (that means
within 100 million km).

Comet Swift-Tuttle is the only known comet or asteroid which can collide with the
earth in the near future. It is probably one of the largest known comets (estimates
put it at 10—20 km diameter) and larger than all earth-approaching asteroids.

History: Comet Swift-Tuttle is also called The Great Comet of 1862. Observations in
1862 indicated an orbital period near 120 years and thus a return between 1979 and
1983. The Italian astronomer Giovanni Schiaparelli noted that its orbit is identical
to the orbit of the Perseid meteor shower, making the connection between
cometary debris and meteor showers. In 1980 and 1983, the Perseids were very
active, but the comet was not seen. Brian Marsden noted that Swift-Tuttle may be
identical to Kegler's comet of 1737 and predicted a perihelion date next week (late
November 1992). Again, this was supported by increasing Perseid activity during
the last years, peaking to possibly 8000 meteors/hour in 1992 compared to typical
100/hour in normal years.

Present: On September 26, 1992 (after our first field trip meeting), Japanese
Tsuruhiko Kiuchi recovered comet Swift-Tuttle. The comet is brightest during the
second half of November and is then visible by naked eye. Because of its low
surface brightness it is best seen away from city lights such as the Chiricahua
Mountains and the Rio Grande RSwift. o

Future: Swift-Tuttle will be at perihelion on December 12, 1992 and it will cross
the ecliptic on December 31, only 130 000 km inside of earth's orbit. It should
return to this point in late July, 2126, two weeks beforc the earth will be there.
However, outbursts of the comet can change the orbit by more than 100 000 km and
can also change the arrival time by several weeks. This time, it also came two
weeks late.  Non-gravitational forces occur usually . near perihelion. Therefore,
accurate observations in 1993 and the following years may lead to a much more
reliable arrival time. The thrust by. these forces during one perihelion passage is
about five orders of magnitude greater that the thrust of a Saturm V rocket.

Given that the arrival time of the comet must be within a four minute long time
interval in order to hit the earth, the probability of impact is roughly one part in
10 000 to one part in one million. The probability of impact in south-eastern
Arizona/south-western New Mexico is three orders of magnitudé‘ smaller, A
chance of ome part in one million in 100 years is quite consistent with estimates
that large impacts and mass extinctions occur approximately once every 100

million years. Comet Yift-ﬁnle gives us another view of large impacts in history
and future.






