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PLANETARY FIELD GEOLOGY
PRACTICUM

Field Trip 24-26 April 1992

Day 1
Tucson to Show Low
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Spring 1992 Field Trip Experience
Hard rocks between Oracle and Globe along US 77, conducted by Jim Head (West)

We will be able to see rocks from nearly the entire sedimentary section on the way to Globe.
The units visible fromm Route 77 and a sedimentary sequence are shown below. These
compliment the geologic sketch map in John Stansberry’s section. The rocks represented
along the route are listed by age in the table and are marked by an asterisk in the
sedimentary section. John will handle the sedimentary rocks and Il discuss the igneous
and metamorphic rocks. There will be considerable overlap. The hard rocks you should
notice (in order of appearence) are

Fault contact of Precambrian granite and Cenozoic gravels, past San Manuel turnoff,

ote that this granite differs from the Oracle granite.
3)Tertiary volcanics, west side of road, north of Aravaipa Creek.
4)Contact between Cretaceous volcanics and the Naco limestone, north of the big anticlinal
arch.
5)Older Precambrian granite in contact with the Pinal Schist (1.6Ga) at Pinal Pass. Note
dikes in the granite.
6)Younger Precambrian diabase and Tertiary dacite boulders north of Globe.

lIjOrach: granite gl.SSGa), near Oracle. Note color and presence of zenoliths.
2

Table 5. Ages and geologic names of rock units encountered

along State Highway 77
AGES ROCK REPRESENTATIVES

CENOZOIC -

Quaternary Not named sands, silts, clays, gravels and volcanics

Tertiary Not named sedimentary and volcanic rocks; Dacite; Andesite;

Bidahochi Formation; Not named high elevation gravels

MESOZOIC

Cretaceous Not named sedimentary rocks and, locally, volcanic rocks

Jurassic Not present

Triassic Wingate Sandstone; Chinle Formation; Moenkopi Formation
PALEOZOIC

Permian Kaibab Formation; Coconino Sandstone; Supai Formation

Pennsylvanian Possibly basal Supai Formation; Naco Limestone
Mississippian ~ Redwall Limestone and Escabrosa Limestone

Devonian Martin Formation

Silurian ~ None

Ordovician None '

Cambrian Bolsa Quartzite i
PRECAMBRIAN !

Younger Diabase; Troy Quartzite; Apache Group: Mescal Limestone,

Dripping Spring Quartzite, Barnes Conglomerate, Pioneer Shale
Older Granitic rocks locally named, e.g., Oracle Granite; Pinal Schist

=
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SUMMARY

The San Manuel ore body is a disseminated copper
deposit with ore mineralization localized in
monzonite, monzonite porphyry, and diabase. Deposi-
tion of ore is believed to be but one event in the
igneous history of the area. The ignecus epoch opened

with ‘intrusion of monzonite porphyry, which was
followed by diabase intrusion and regional compres- .
sion that intensely fractured the rocks. Invasion by
hydrothermal solutions of i mpoasition
duced.intense although vanablev'uymg rats ; primary ey
ore minerals (Zhalcopyrite and molybdenite) were
deposited at a time when potash content of the invad-
ing solutions was high. The broad zone of contact
between quartz monzonite and monzonite prophyry
rock was the most favorable zone for deposition of
chalcopyrite; the quartz monzonite appears to have
been a slightly better host rock. Ore localization is
related to rock permeability, which varies with close-
ness of fracturing and density of the host rock. There is
no evidence that chemical control played any
significant part in ore localization,

Since its formation, the deposit has been intruded by
minor dikes of andesite and rhyolite and has under-
gone at least three epochs of oxidation and enrich-
ment. Oxidation was deep and pervasive, but enrich-
ment was limited, and the ore body being mined today
owes its economic significance mainly to primary min-

" eralization.

With the attainment of full production in 1858, San
Manuel took rank among the major copper mines in
the western hemisphere. In 1961, as the warld’s largest
underground operation, the mine ranked fourth in

Cancentric alteraticn and mineralizacion zomes froa the type tonnage and sixth in metallic copper production
) sones of mimeraiirecion’ (8 gt oy :?:S;un:::f’ among the hemisphere’s major producers.
With a substantial reserve of sulfide tonnage remain-

ing, the mine should continue as a first rank producer
of copper for several decades.
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The El Capitan Catastrophic Landslide

With your most catastrophic hosts

& Will Grundy and Mark Lemmon

Vitall i . e
Volume of rock: 4x10" m* Time of emplacement:  Pleistocene (?)
Max vertical drop: 1300 m Max horizontal travel: 6800 m
Deposit thickness: 5-35m Width of deposits: 1500 m
Max exposed length: 3800 m

Catastrophic references:

Howard, K.A. (1973) Avalanche Mode of Motion: Implications From Lunar Examples. Science 180, 1052-1055.
Hsii, KJ. (1975) Catastrophic Debris Streams (Sturzstroms) Generated by Rockfalls. G.S.A4. Bull. 86, 129-140.

Krieger, M.H. (1977) Large Landslides, Composed of Megabreccia, Interbedded in Miocene Basin Deposits,
Southeastern Arizona. Geological Survey Professional Paper 1008, Washington D.C.

%Melosh, Sir HJ. (1986) The Physics of Very Large Landslides. Acta Mechanica 64, 89-99.
Shreve, R.L. (1968) Leakage and Fluidization in Air-Layer Lubricated Avalanches. G.S.A. Bull. 79, 653-658.

Yarnold, J.C., and J.P. Lombard (1989) A Facies Model for Large Rock-Avalanche Deposits Formed in Dry

Climates. in Conglomerates in Basin Analysis: A Symposium Dedicated to A.O. Woodford: Pacific Section
SEPM. 62, 9-31.
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GRIR N BASIN DEPOSITS ginduding unmapped
T e K it Quenay g
. \MOUNTAIN:. i

3312

Alluvial and lakebed deposits

Youngesr
Formations ejdes than those
in landslide

Naco Limestone

Formations occurring in landslide

'7 //| Escabrosa Limestone
\\\\ Martin Formation

Formations older than those
in landslide

"€ | Cambrian formations

i t Troy Quartzite

da Diabase and Apache Group

~—————— Contact

£ Fan, showning dip-Dashed where
inferred. Bar and ball on down-
thrown side
N
0 % IMILE
:g T - T g
0 5 1KILOMETER

Ficvre 27.—E) Capitan landslide and its source area on El Capitan Mountain. Reduced from geologic map of El Capitan
Mountain quadrangle (Cornwall and Krieger, 1977).
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64

FIGURE 11.

DAVIS AND OTHERS: SALT RIVER CANYON

Diabase sills (dark-gray), which intrude upper Pro- FIGURE 12. North-northwest-directed view of Mule Hoof mor

terozoic strata. View is north to cliffs at east end of traverse. Mescal at the raft-launching site at MP 59.3. Dark-gray rock near as.m
Limestone is white cliff former at center of photo; light-gray strata is diabase, and this is overlain by Dripping Spring Quartzil
near top of cliff above uppermost sill are Devonian. Above and Mescal Limestone (light-gray).
below the lowermost clitf-forming sill is slope-forming diabase.
S
MP 52.9 Sluice Box Rapid (2—3). e
MP 50.8 Mescal Falls (7-9).
MP 49.7 Inflation Fault and Diabase Dike. The displacement on this fault at river left is caused by “‘differential intrusior
to the upper Proterozoic sequence. The fault strikes approximately N. 30° E. To the east of the fault is a thick sill of dia
MP 49.4 to the west is relatively undisturbed and unintruded Dripping Spring Quartzite. Separation of marker beds along the fault ind:

that the total displacement on the fault is the same as the thickness of the sill. A complementary inflation fault occurs
Walnut Canyon at milepoint 48.6.

Shride (1967) long ago recognized and interpreted the provocative displacement patterns of faults of this type. One of Sh
diagrams, reproduced as Figure 15, shows *‘effects of sill inflations on displacement along a pre-existing fault.”’ The ori
displacement produced by early faulting (Fig. 15) may be dramatically altered when a diabase sill is emplaced into strata o
side of the fault only (Fig. 15).

The inflation faults were not generally conduits for magma flow. Rather, the faults accommodated vertical motions (Fig
Each fault served as a partition between compartments of inflation on either side. In some cases the magma used the fault za
an access lo feed stratigranhicallv higher sills (Fig. 16). Where the diabase dilated a nre-existing fault. comnlex disnlare
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rocks (Hayes and Drewes, 1968; Drewes and Finnell, 1968; Finnell, orzdo Plateau |
1970; Drewes, 1971). The Cretaceous rocks in southemn Arizona, un- escarpment zo:
like the Paleozoic and Triassic (?)-Jurassic rocks, were flat lying and drainage of rirr
undeformed prior to Laramide tectonism and thus serve as an impor- : The “m::.?(
tant guide to the style and kinematics of Laramide deformation —M e Dl te erosio
; Lom  ALLUVIUM® - ] i

(DaT‘l':es';gi:?i‘pal Laramide deformation of Arizona was strong % e.te it O - o * %.°- ‘6 . 0.: . < ﬁkﬁ?&ml?ez
sortheast-southwest compressiopal deformation. Monoclines de- Q| . CONGLOMERATE: AND SANDSTONE . o (Davis and Co
veloped in the Colorado Plateau (Kelley, 19552, 1955b). Tothe south, ~ © |8 AR A S °1- 9 e | {pation of the
deformation belts of folding and thrust and reverse faulting were 1 ;‘949 né‘DAC?TEE Eﬁ{OLT‘Fé"MFﬁ AN | cidde Tertian
produced (Gilluly, 1956; Sabins, 1957; Cooper and Silver, 1964; - - - . — S e — extension was
Drewes, 1978; Davis, 1979). The regional structural framework of W - .2 *."'g°. " .0 .- CONGLOMERATE - ¢ moes, which
which the folded and fanlted strata were a part is not known for AV BASALT Y ¢ S~sc AND . o °| [slimedandlic
certain. Drewes (1978) has interpreted the Laramide geologic b0 %5 0. ..o SANDSTONE .- of |Dis and (;c
framework in the context of low-angle, northeast-directed overthrust- o ﬂ?r—-—'—‘w_;  wopographic be
ing. Davis (1979) considered the deformation tyle akin to Wyoming- o (<t 200 ﬁcoHE}EfF; :UF;F SN L etimens and
type basement-cored uplifts. A highly speculative interpretation that Lleo e doe o, 2% o ° °°°° | 1979), atiend:
b 10000 10 19,000 1 o oy prm Arizons, ot depth of B0 % I TE TAIL CONGLOMERATE o o | pasic invers
about 10,000 to 15,000 ft, is underlain by a system of flat faults that 8 0, SAME AGE AS"RIM GRAVELS“ 0 ° to the develop
scpmmhecambnmbasementaboveﬁvmammdsequmoeof O°°° 00060600 06000.060000] "lheﬁna.lev:
Cretaceous and older rock below. This interpretation has been offered Wlo® 0500 0006060 00 0 °° o 6 o o] ©! mid-Miocene ]
by the Anshutz Corporation as a working hypothesis for exploration - i g e NN amglenomalf:
for hydrocarbons in southern and western Arizona (Keith, 1980). In P e . | Tjtenal faulting
effect, the mode] suggests that a break-out zone of thrusting may cross e . TROY QUARTZITE . . *« . °||sthem Basic
part of the Transition Zone in the Salt River region, perhaps camou- B N TR ot o0 o ° 10 (Anderson, 19°
flaged by the effects of Basin and Range faulting. Altematively, the ~ ¢|".* LS e et 2 sfigulah, e
inferred thrust zone may root underneath the Colarado Platean tec- . + . <N » * . _ o BASALT s o | & Rocks in the
tonic province, in which case the Basin and Range-Colorado Plateau N |~ A 2 e -3 Q cambrian to
boundary zone would be in an upper-plate position (Otton, 1981). t— T — @ fulting, The

Following major crustal shortening, but still during Laramide time, #'_5 A \ M.ESCD."- + LIMESTONE - S swuctuzally de
the Basin and Range province of southern Arizona was invaded by 8 P *N}_l T S — 0 tpper few me
sbundant plutons of granitic and quartz monzonitic composition, @ | A |l N +T ¥ T3 I l i
many of which are copper rich. According to Rebrig and Heidrick o¢| C [-52:- =< -1}|' DRIPPING SPRINGS | ¢
(1972), the Laramide intrusions were formed at & time of custal  WIf H [0 20201 + o= QUARTZITE =
extension and differential uplift achieved under the influence of weak | E | Lt 2t T 9] S i
lateral compression. S G B NES e o0, [sCONG S

A net effect of Laramide tectonism was northeast tilting of Creta- P el V) 1 7.y e
ceous strata in the Transition Zone and along the southern boundary of )
the Colorado Plateau (Peirce and others, 1979). Tilting was a response
to uplift in the region of the Transition Zone and of a yet undefined  —
portion of the Basin and Range province. The gently tilted strata were
subjected to Paleocene-Eocene erosion, beveling rocks ix the region i
along a continuous surface. It was on this surface in slight angular ($)
unconformity with Cretaceous strata that the Eocene-Oligocene rim o |
gravels were deposited along the southern edge of the Colorado B
Plateau (Peirce and others, 1979). This clastic sequence, now pre- cl.
served in remnant patches at high elevations on the southem edge of E p

AdleCo!oradoPlateau.wasaptoductofnonhaastulytransponand (@]

deposition on a concave-upward surface, which is now largely re- E
moved from the Mogollon Rim. Clasts within the rim gravels conclu- w
sively disclose that Precambrian crystalline rocks were exposed as -J
major bedrock sources during the time of deposition of these gravels. 8
In fact, Peirce and others (1979) have shown that Precambrian bed- =
rock was exposed within 30 mi of the site(s) of deposition of some of =
the rim gravels. Furthermore, 50- to 60-m.y.-old Laramide volcanic
mcksmreptesemedasclaslsintheﬁmgravels.urgebonldmin

theﬁmmvelsdisclosehighstmmgmdiems@eimemdothm.
1979).
*‘Later in Oligocene(?) time, a generally unrecognized tectonic

2 FIGURE 8. Composite geologic column for the Saht River C
event induced erosion and downcutting that outlined an ancestral Col-

region

[ 2
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FI6URE 8.—Outcrops of younger Precambrian strata and coextensive diabase intrusions in southeastern Arizona. Modified
from county geologic maps published by Arizona Bureau of Mines, 1958-80.
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Quartzite and Mescal Limestone of the Apache Group, and the

diabase, which intrudes all the Precambrian units (Figs. 10b and 14b). , TABLE2. G
Within this segment, products of the inferred rifting of the North AG:
American contipent are exposed, including major dizbasic intrusions . -
and intrusion-related mineralization. Furthermore, the effects of prob-

* ably Laramide deformation are revealed in beautifully exposed
monoglimandinacomplexlyreacﬁvatedamiemfaukm.thc
Canyon Creek fault (Fig. 18b).

- The second segment (II, Fig. 9) cuts into middle Proterozoic rocks, .
namely the Redmond Formation, the White Ledges, Yankee Joe, and
Blackjack Canyon Formations of the Hess Canyon Group, and the -2
Ruin Gragite (Figs. 18b, 26b, 28b, 37b, 38b, and 40b). The ~
lithologies of the Hess Canyon Group and the volcanic Redmond
Formation are typical of the 1.6- to 1.7-b.y.-old dominantly -
metasedimentary sequence. The northeast-trending Precambrian
structural grain of folding so typical of Arizona is well displayed by
the rocks along this segment of the river. Side canyons offer excellent -
exposures of folds, cleavages, and transposition structures. Addition-
ally, the presence of the Ruin Granite provides an opportunity for a
close look at part of the 1.42-b.y.-0ld ancrogenic granite suite.

The third segment (I, Fig. 9) of the river (Figs. 38b and 40b) is
dominated by Tertiary conglomerate and other clastic rocks, rhyolitic X
volcanic rocks, basalt flows, and Quaternary gravels. These rocks v
afford insight into mid-Tertiary and Basin and Range evests of fault- FIGURE 9. Schematic dla
é - . . gram portraying the geologic sections -
ing, intrusion, and extrusion, as well as the geomorphic development countered along different segments (i, 1, and lll)oo% the Satt Rw’ | o
of the region through which the Salt River flows. ~ Canyon ] N

[ ;

o

n

)

o -
TABLE 2. Geological Column, Salt River Canyon o
%

AGE NAME DESCRIPTION f o
QUATERNARY | Alluvium River gravels, sands, and occasional silts, <
QUATERNARY Terrace GravelsandundsmndadonbenchcaclnbytheSaltRimasitdowncmthoughthem miA

deposits sition Zone. Son.2 of these terraces may be older than Pleistocene, but detailed work is needed alp
distinguish the ages. h ;‘ A
UPPER Basalt This 10-m.y.-old basalt covers many of the pla:eaui in this region, including Black Mesk |.o.| C
TERTIARY cnthenonhaideoftheSaItRiver.hkmudvulevdinaedmondﬂuuacommjm. =~ | H
flow. o
2] ' ZlE
- LOWER Dacite and Felsic water-laid and air-laid toffs, which are intercalated with Tertiary sedimentsf | .. ;.
MIOCENE Rhyolite According to Peterson (1962), the top of the Whitetail Conglomerate is defined byl | ... G
© Tuffs the appearance of these dacitic tuffs. Age is 19.9 m.y. (Damon and Bikerman, 1964). < | R
N g
o MID-TERTIARY Basalts Undated basalt flows and occasional hypabyssal intrusions; sometimes deposited on dacite, :‘h (]
usually upon sediments. 73- vl
z b
OLIGOCENE Teritary Thesc scdiments consist of conglomerates, silistones, and sandstones. Thare are occasiood X P
a TO sediment- interbeds of volcanic and voleaniclastic rocks.
v | MIOCENE ary rocks &
OLIGOCENE Apache A prominent cliff-forming rhyodacitic tuff within the Tertiary sediments, The Apach '-""
Leap Leap completely blanketed the lower stretches of tho Salt River region, and may bav b
Tuff a source at the ignimbrite vent just upstream from Redmond Flat. )
EOCENE TO *‘Whitetail Generally referred to as *‘Whitetail Conglomerate,” these old gravels arc *‘poorly © ?
OLIGOCENE Conglom- firmly consolidated gravels and conglomerate. ..derived from uplifted arca of Cer _"f
erate”’ tral Arizona, and consist of pebbles, cobbles and boulders represesting all the older rocks of £, %
region. "’ (Moore, 1968, p. 60) 3

g
I

[T
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%

nr 2 AGE NAME DESCRIPTION

. PALEOZOIC Not scen in part of canyon that was traversed.

Y AND

Besen B MESOZ0oIC

s | *’APACHE Coarse- to fine-grained ophitic to subophitic olivine diabase in sills. Weathers light

’?gf.": GROUP" olive gray to yellow-brown, typically a slope former. Chill margins of multiple intrusions

q’ DIABASE andsomediftuendaﬁonmmwdinlbedﬁbm.

Ry, 1.14 s e .

" +.04 The diabase preferentially intrudes Apache Group rocks, cspesially the Mescal Limestone,

! b.y. bmmmmmwam.SmﬁveMofsmsmeym
P Exumivewmuammphhmhnotedindxemnuymhwmmimﬂmonkm
% mon at the Diabase-Mescal contact,

E mﬂhmd&avmhﬁchmmmwmm&mon&mfmmmm
2 of the Apache Group has beea doubled as aresult of sill intrusion, (Stride, 1967)
i -

" P4 Quartzite Light-gray to grayish-pink medium-grained orthoquartzite with bematite-coated grains
b 3 Q Member cemzu'xed.byquamovagrbwths.Beddin‘gisgenmnykminandisauummd.m
5 . H 0-500 f quartzite is a steep ledgy slope former. (Shride, 1967)

’% : ; R Chediski Light-gray to pinkish-gray sericite sandstone. Coarse grained with pebbles of Jasper,
& ofT Sandstore rhyolite.andquanzite.'l'hinbcddedmmusive.Itiaaledgelndcliﬂ'fomrhitsmm
SF Y2 0-700 8 mmﬁuwn.mmﬁﬁwﬁmmbeminm:m!ﬂnlywm. (Shride, 1967)
+Fl ©
4¥. I Arkose Donsal conglomerate with weathered, rounded clasts from b underlying basalt flows,
tons mf | ~ Member Dominantly a pale-brown to red, fige. 1o medium-grained arkose, cemeated. Large:
at it 1 © 0-450ft scale (10-100 fy) Ctoss-stratification; Interbedded with silty seams. A cliff former with
,_3 N 0-1,200ft rounded ledges. (Shride, 1967)
? ] © Basalt Grayish-red to brown, porphyritic, vesicular hematitic basale. Intergranular texture of
% " Flows laths of plagioclase and apatite. Abundant alteration minerals are present: chlorite, serpen-
3 0-375ft tine, and albite, ‘
:',‘;‘ -]
N - The basalt overlics the Argillite member of the Mescal Limestone and also scparates the Algal
i aed Argillite members of the Mescal. (Shride, 1567)
; (]
g 1" Argillite A yellow-brown, siliceous, dense argillite with intraformational chert breccias and
4 Member conglomerates,
<H = 0-1001 . '
3 Some thermal alteration minerals, micas and amphiboles, can be fourd ip close proximity to the
g ]! o L basalt flows. (Shride, 1967)
¥ - I
s Tna: &1 A M Basalt **Hematitic and vesicular'® basalts. See entry above under Basalt Flows.
edufil o | ;| EM Flow (Shride, 1967, p. 26)
B ol a S E 0-1101t
S
Meaf:f o | ¢ c Algal The Algal member is compesed of two units. The upper is a grayish-red to yellowish- brown
jointed H AT Member_ crystalline dolomite with lenses of chert. The lower is an algal uait. The upper dolo-
K LO 40-130f¢ mite is a slope former. The algal uait is a pale-red 1o reddish-brown dolomitized stromatolitic
,' it E N (Collenia frequens) limestone, typically thick bedded (6 ) and is a cliff former. (Shrids, 1967)
oents.
ed tyf: G E Lower A coarse- Marknsiewfeldspamxcsandswncfomrbcbualmmberoﬂhcbim
AR ’ Member a cliff former 5-6 ft thick Above this is a thick dolomite sequence. Yellow-brown to
X R 150-270f grayish-red, thick- to thin-bedded crystalline limestome with abundaat leases of
facits, O |250-420ft chert dominate the lower Mescal, Forms bothledgesandslopn. (Shride, 1967)
_ 4 u Siltstone A fine-grained grayish-orange to yellow-brown siltstone with intercalated thin-bedded
sional P Member beddedukosemﬁsahummberoﬁhbﬁpping&pﬁngwmsﬂmmb
e D 200-370 fr comprised of clay- and silt-sized material, dominantly feldspathic and micacecus with some
M | ? g fine-grained pyrite, Forms slopes with inteunittentledgea. (Stride, 1967)
rache kb PR Arkose A fine- to medium-grained, pale-brown to orange arkosic quartzite, massively bedded.
have] P1 Member A prominent cliff and ledge former., When bedding is revealed by weathering, promi.
v e 200350 et cross-stratfication may be seen. (Shride, 1967) -
y ok G Bames A gray-red basal arkesic conglomerate member of the Dripping Spring Fm. Well-rounded
Zeo-F Cenglom. granules, pebbles, and cobbles of vitreous quartzite, jasper, and some volcanic rocks
fibs erate in 2 poorly sorted, very coarse arkosic matrix. Bedding thickness is variable, typically
K 550-700 f 0-40 1t a ledge and cliff former 5-30 ft thick. Contact is gradationa] with upper member of the Pioneer
Shale (Shride, 1967)
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FIGURE 10a. Topographic map of the Mule Hoof Bend area.
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sugite (a) A comman mineral of the clinopyroxene group:
(Ca.Na) (Mg.Fe*2,Al)(Si.A1);04. It may contain titanium and

a (1892) confined the name “auglte” to cilnopyroxenas
ntaining appreciable (A),Fe),0;, but petrologists have ap-
ed it 1o membders of the sysiem {Mg,Fe.Ca)Si0,. Cr: pk
geonile. (b) A term often used as g Syn. of pyroxene.-—Syn:
itine.

f ssbestitorm Said of a mineral that is fibrous. i.e. that Is like i
astestos. :
§ asbestine adj. Pertaining to or having the characteristics of

i asbestos.-n, A variety of tale; specif. agalite.

% asbestos (a) A commercial tarm appiied to a group of highiy

K tibrous siilcate minerals that readily separate Into long, thin,

g strong fibers of sufficient flexibillty to be woven, aro heat ro. ‘
E sistant and chemically inert, and possess a high electric insu- i
i lation, and therefore are suitable for uses (as in yar: nctn:::. !
X papor, palnt, brake linings. tiles, insulation, cemen 3
:‘M m;:) where meomh?mlblo. ronconducting, or chemical-

Ely resistant material Is required. (b) A mineral of the asbestos

o §70UD, principally chrysotile (best adapted for spinning) and
Feertain fibrous varisties of amghibole (esp. tremolite, gctinel- .
jtte, ang crecidalite). (c) A term strictiy appiled to the fibrous
Evariety of actinolite.—Syn: asbestus; amianthus; earth fax;
[mountain f1ayx,

tiotite (a) A widely distributed and Important rock-forming
mineral of the mica group:  K(Mg,Fe*32),(Al,Fe+3)si,.
010{OH),. It is generaily black, dark brown, or dark green, °
and forms a constituent of crystailine rocks (either as an orig-
Inat crystal in igneous rocks of all kinds or a product of meta-
morphic erigin In gneisses and schists) or a detrital constity-
ent of sandstonas and other sedimentary rocks. Blotite is use-
ful in the potassium-argon mathed of age datermination. ® A
general term to designate all ferromagnesian micas.—--Syn:
black mica; iron mica; magnasia mica.

Blotitite An igneous reck almost entirely composed of biolite, -
Ct: granitite. Syn: glimmerite.

ehr;soule A white, gray, or greenish mineral of the serpentine
group: Mg3Si;O5(0H).. It is a highly fibrous, silky variety of
serpentine, gnd constitutes an important type of asbestos. Not
to Be confused with chrysolite. Cf: antigorite. Syn: serpentine
asbestos; clincchrysotila.

disbase (a) In the U.S., an intrusive rock whose maln compo-
nents are labradorite and pyroxene and which is characterized
by ophitic texture. As criginaily applied by Brongniart in 1307,
the term correspended to what IS now recognized as diorits,
Syn: dolerits. (b) In British usage, an intrusive igneous rock
of the compesition of diabase as defined In the U.S. but which
has baen highly altereq by the decompaosition of feldspars and

diabasie (a) A syn. of ophitic. Kemp (1800, p.158-159) con.
sidared that “diabasic* applied to textures in which there wag
4 pradominance of plagioclase, with auglte filling the Interst}-
ces, while “ophitic” Indicated a predominance of augite over
plagioclase. (b) Composed of or resembling diabase.
diablastie Pertaining to a texture in metamorphic rock that
consists of intricately intergrown ang lmarpcnetratlng constity.
ents with usually rogiike shapes (Becke, 1903).

- For the purposes of this report, the term “dinbase”

is used to describe mafic intrusive rocks of approximate

basaltic composition and having ophitic, subophitic, and

interserta]l textures, Closely related albite-rich rocks

m discussed as differentiation products of the normal
inbase.

epicontinental Pertaining to the cgntlnemal shelf.

homociine A genera! term for a rock unit in which the strata
have the same dip, e.g. one limb of 3 fold. a tilted fauit block,
8 monaociine, or an isoctine. Cf: monocline. Adj:.homoclinal,

2 3

hornblende (a) The commonest mineral of the amphibole
group: Ca;Na(Mg.Fe“).(Al.Fe"’.Ti)(Al.SI.Ozz(0.0H),. It
has a variable composition, ang may contain potasgium and
appreciable fluorine. Hornblende is commonly black, dark
green, or brown, and occurs in distinct monaoelinic crystals or
In coiumnar, fibrous, or granular forms, It is g primary constit-
uent In many acid and Intermediate igneous rocks (granites,
syenites, dlorites, andesites) and tess commanly in basic ig-
Reous rocks, and it is a common metamorphic mineral in
gneisses and schists, Symbal: Mo. (b) A term sometimes
used (esp. by the Germans) to designate the amphibole group
of minerals. The term “Homblende™ is an olg German name
for any dark, prismatic crystal found with metallic ores but
containing no valuatle matal (the word “Blende" indicates “g
deceiver*).-.-Obsglete syn: hornstone,

homblende andesite hungarite.

homblende-hornfets facies Rocks formed in the middte grades
of thermal (contact) metamorphism at temperatures between
350°C and 550°C and at tow pressures not exceeding about
2500 bars (Turner ang Verhoogen, 1960, P.511). It is part of
the horntels facles, Cf: Pyroxene-hornfais facias; aldite-epi-
dote-horntals facles.

homblendite An igneous rock cemposed aimost entirely of
homblende. The term hag been equated incorrectly by some
authors with the metamorphic rock amphiboiite,

fonocting A unit of strata that dips or flexes trom the horizon-
) in one direction only. and is not part of an anticling or
Syncline. It is generally a large feature of gentle dlp. Cf; ho-
mociine: Hlaxyre, Ad}: monoclinal, Obs. syn: unicline,

ophite A general term for diabases which have retained their
ophitic structure although the pyroxene Is altered to uralite.
The term was originated by Palasson in 1819.

ophitic Said of the holoerystaliine, hypldiomcrphlc-gramﬂar
texture of an Iigneous rock (esp. diabase) in which tath.
shaped plagiociase crystals are partially or completely includ-
ed in pyroxene crystais (typically augite). Also. said eof a rock
exhibiting ophitic texture {e.g. ophite) or, rarely, of a similar
texture involving othar pairs of minerals. The term diabasic,
8lthough generally considered syronymous, was distinguisheg
from “ophitic* by Kemp (1900, P.158-159) wha considered
the latter as having an excess of augite over plaglaciase,
while the former had a predominance of plagioclase, with ay.
gite filting the interstices. Cf: poikititic: poikilaphitic, Nonpre.
ferred syn: dasiophitic; granitotrachytic. Syn: doleritic: gab-
brola.

olivine (a) An ofive-green, grayish-green, or brown orthorhom-
bic mineral; (Mg,Fe),Si0,. 1t €omprises the isomorphous
solid-solution serigs torsterite-fayalite. Clivine is a common
rock-forming mineral of basic, ultrabasic, and low-silica igne-
ous rocks (gabbro, basait, peridatite, dunite); it crystallizes
early from a magma, weathars readily at the Earth's surface,
and metamorphoses to serpentine. (b) A name applied to 8
group of minerals forming the isomorphous system (Mg.Fe.
Mn,Ca),Si0,, including forsterite, tayalite, tephraite, and a

hypothetical calcium erthosilicate, Algo, any member of this

system..--See also: peridot: chrysoiite, Syn: Olivinoie,

clivine basait A group of basaits that contain ofivine in addition
to their other companents; considered by some petrographers

as aless-prefarred syn. of alkali olivine basait,

Paleczoic An era of geslogic time, trom the end of the Pro-

cambrian to the beginning of the Mesozoic, Obs syn: Primary.

Pegmatite An exceptionally coarse-grained (mosi grains one
€m cr more in diameter) ignecus fock, with interlocking crys-
tals, usually found as irragular dikes, lenses, or veins, esp. at
the margins of batholiths. Although pegmatites having gross
compositions similar to other rock types are knawn, their
composition is genarally that of granite; the composition may
be simple or complex and may Include rarp minerals rich in
such elements as lithium, boren, fluorine, niobium, tantalym,
uranium, and rare earths. Pegmatitas represent the last and
maost hydrous portion of a magma to crystallize and hence
contain high concentrations of minerals present only in trace
amounts in granitic rocks. The first use of the term “pegma.
tite™ is atiributed to Hauy (1822) who used it as a syn. of
graphic granite. Ct: Pagmatoid: symplactila. See also: pegma-

titic. Syn: giant granite.



pelite {(a) A sediment or sedimentary rock compased of the
finest detritus (clay- or mud-size particles); e.g. a mudstone,
or a calcareous sediment composed of clay, minute particies
of quartz, or rock figur. The tarm is equivatent to the Latin.
derived term, Iytite. (b) A fine-grained sedimentary rock com.
posed of more eor less hydrated alyminum silicates with whicy
8re mingled other small particles of varicus minerals (Twen.
hofel, 1937, p.20): an aluminous sediment. (c) A term regarg.
ed by Tyerell (1921, p.501-502) as the metamorphic derivative
of lutite, such as the motamorphosed product of a siltstong or
mudsicne. “As commonly used, a pelite means an aluminoys
sediment metamorphosed, but if used systematically, it meang
& fine-grained sediment meiamorphosed” (Bayly, 1888,
Pp.230).—-Etymol: Greok pelos, “¢lay mud*”, See also: psam-
mite; psephits. Syn: pelyte.

pailile (a) Pertaining to or characteristic of pelite; esp. said of
a sedimentary rock composed of clay, such as a “pelitic tuft~
fepresenting a consclidated voicanic agh consisting of clay.
size particles. (b) Said of a metamorphic rock derived from a
pelite; e.9. a “pelitic gneiss*, a “pelitic horntels™, or a “pelitic
schist”, derived by metamorphism of an srgilaceous or of 3
fine-grained atuminous sediment.-Ct: argillaceous; luta.
ceous.

plagiociase (a) A group ef triclinic feldspars of general formy.
fa: (Na,Ca)Al(Si,Al)Si0,. At high temperatures i forms a
complate solid-solution series from Ab (NaAlSi;04) to An
(CaAl;Si04). The plagiociase series is arditrarlly subdivided
and named according to increasing mole fraction of the An
component: aibite (An 0-10), cligoclase {An 10-30), andesine
{An 30-50), labradorite (An 50-70), bytownite {An 70-30), and
anorthite (An 80-100). The A1/SI ratio varias with Increasing
An content from 1:3 to 1:1. Plagicclases are one of the com-
monest rock-forming minerals, have characteristic twinning,
and commenly display zoning. (b) A mineral of the plagio-
clase group; a.g. aibite, arorthite, peristerits, and aventurine
feldspar.—-The term was introduced by Breithaupt (1847,
p.480) who appiled it to sl feidspars having an obfique angle
between the two main cleavages. CI: alkalf leldspar; orthoc.
lase. Syn: sodium-caicium leldspar.

pluten (a) An igneous intrusion. (b) A bady of rock formed by
metasomatic replacement. —~The term originally signified only
deep-seated or plutonic bodies of granitoid texture. See aiso:
plutonism,

plutonian Var. of plutonic.

plutonic (a) Pertaining to ignecus rocks formed at great
depth, See also: plutonic rock. Cl: hypabyssal. (b) Pertaining
to rocks formed by any process at great depth. ----Syn: abys-
s2/; plutonian; deep-seated: hypogene.

Polkilitic An old term for the Permian and the Triasslc.
poikilitic Said of the texture of an igneous rock in which small
crystals of cne mineral (e.g. plagioclase) are irregularly scat.
tered without common orientation in a larger crystal of anoth-
er mineral (e.g. pyroxene); also, said of the enclosed crystal.
The larger crystal is typically anhedral and exhibits eptical and
- crystallographic continuity; in hand specimen, this texture pro-
duces lustrous patches (fuster mottiing) due to reflection from
cleavage planes. Originally spelled peaciiitic. Cl: ophitic: ane
doblastic. Nonrecommendad syn: semipegmatitic.

3 protarozsic (a) The more recent division of the Pracambrian.
€ Archeozolc. Syn: Algonkian; Agnotozoic. (b) The entire

salic [petrology) Sald of certain light-colored silica-, or mag.

nesium-rich minerals present in the norm of igneous recks;
6.9. quartz, leldspars, feldspathoids. Also, applied to rocks
having cne or more of these minerals as major components of
the norm. Etymol: 8 mnemonic term derived from silicon +
aluminum + /. CI: femic; mafic; felsic.

SERFLNIINE  MEydlLUUN),
Monoclinic — prismatic 2

m
* Environment: A secondary mineral, resulting from a hot-water

alteration of magnesium silicates,

Crystal description: Crystals unknown, except as the parallel
fibers called chrysotile asbestos. Also massive, sometimes with
a botryoidal surface as if it had bren amorphous when formed.
Physical properties: White, green, brown yellow, red, black.
Luster silky, waxy to greasy; hardness 2-5; gravity 2.2-26;
cleavage none to fibrous. Translucent to opaque; yellowish
varieties often fluorescent cream-yellow.

Composition: Basic magnesium silicate (43.0% MgO,
44.1% Si0,, 12.9% H,0, plus some iron and possibly nickel).
Distinguishing characteristics: A very common mineral, and
one that should always be suspected in a rock with a greasy
feel. Usually relatively soft and dark greenish. White varisties
are not common and typically are associated with other ser-
pentines. The serpentine esbestos varieties are softer and more
flexible than the amphibole asbestoses. The blackening and the
water released in the closed tube also distinguish it from
amphibole ashestos. Ease with which the green massive mate-
rial can be scratched distinguishes it from nephrite jade; it is
harder than chlorite, however,

Occurrence: Since serpentine seems frequently to form by the
alteration of primary magnesium silicates taking up the water
criginally present in the magma, they are found wherever dark-
colored ‘magnesium silicate rocks occur. Great serpentine for-
mations, as in the California Coast Ranges, give it rock status
as well as mineralogical identity. Readily identifiable in high-
way cuts by the shiny, greenish, slickensided surfaces.

Serpentinization seems commonly to invade mineralized

areas, altering quite unrelated minerals to serpentine. In this
way we find at the famous Tilly Foster Mine (Brewster, New
York) that serpentine is pseudomorphous after numerous min-
erals, and also forms botryoidal coatings and films ranging from
white to black. Large masses of serpentine result from the
alteration of the dark intrusives, as at: Hoboken, New Jersey;
Staten I, New York; Eden Mills, Vermont; Thetford and
Asbestos, Quebec. Veins of fibrous asbestos cut through such
bodies; there are quarries or mines for chrysotile asbestos in
those regions, near Coalinga, California, and in Arizona.
Varieties:

Fibrous and silky: chrysotile
Columnar: picrolite
Waxy: retinalite
Platy: antigorite
Micaceous: marmolite

Massive and mottled: ophiolite
Translucent light green: williamsite

Interesting facts: Chrysotile is considered the best asbestos. -

Serpentine marbles make the popular verd antique. Closely
related nickel-rich serpentines are important ores of the metal
(garnierite) and are mined in New Caledonia. Commonly used
in decorative carvings. .

subophitic Said of the ophitic texture of an igneous rock in
which the feldspar crystals are approximately the sams size

as the pyroxene and are only partially included by them.,

. uralite A green. generally fibrous or acicular variety of secon-
f dary amphibsle (hornblende or actinolite) occurring in altered
i rocks and pseudomorphous after pyroxene (such as augite).
uralite diabase uralitite.
uralitite A term suggested fer a diabase that comtains augite
aitered to uralite. Syn: uralite digbase.

uralitization The development of amphibols from pyroxene;

; speci{. a late-magmatic or metamorphic process of replace-

, ment wheraby uralite results from alteration of primary pyrox-
ene. Also, the aiteration of an igneous rock in which pyraxena
is changed to amphibole; e.9. the alteration of gabbro to
greenstone by pressure matamorphism.
uralolite A mineral: CaBe3y(PO4)2(0H);.4H,0.

Ural-type glacier drift glacier.

uramphite A botle-green to pale-green mineral: (NH,)-
(UO3) (PC4).3H;0.

uraninite A Black. velvety-brownish, steel-gray. ¢r greenish.
Black, strongly radicactive, octahedral or cubic mineral, es-
sentially UO,, but usually partly oxidized. It is the chief ore of



The Springerville Volcanic Field: an example of Plio-

Pleistocene monogenetic volcanism _in Arizona..

4/23/92
Randy Tufts

By turns hot embers from her entrails fly,
And flakes of mountain flame that arch the
sky.—VIRGIL's Aeneid

Some of the world’s most active volcanoes are near the centers of
andient divilization in the Mediterranean region: Mount Etna in Sicily
and Vesuvius on the shore of the Bay of Naples. Thus it is notstrange
that dlassic literature contains many references to volcances and that
many myths and legends are associated with them. This wealth of
folklore is an important source of information on the activity of vol-
canoes in ancient times. _

In Greek mythology Hephaestus is the god of fire, and the name,
meaning “burning,” “‘shining,” or‘‘flaming,” probably originally re-
ferred to the brilliance of lightning. In Roman mythology Hephaestus
was identified with Vulcan, one of the three children of Jupiter and
Juno. Vulcan was the god of fire, especially terrestrial fire, volcanic
eruptions, and the glow of the hearth and forge. Vulcan was the
blacksmith of the gods. His forge at Olympus was equipped with
anvils and all the implements of the trade. Vulcan made the arrows
for Apollo and Diana, the shield of Achilles, and the invincible
breast-plate of Hercules. He was toolmaker to the gods, utilizing
the power of his forge for their welfare. His wife, according to the
Odyssey, was Venus. (See Gayley 1911, p. 26.)

Poets have identified Vulcan’s workshop with various active vol-
canoes in the belief that the smoking mountain was the chimney of
Vulcan'’s forge. The explosions in the eruption of a volcano were be-
lieved to be Vulcan pounding on his anvil, while the fire and smoke
came from the forge. It was here that Vulcan made the thunderbolts
which Jove threw about so recklessly. Most frequently in andent
writings Vulcan's forge was located on the island of Vulcano, one of
the Lipari or Aeolian Islands in the Tyrrhenian Sea, off the coast of
Sicily (see Ch. 8). In fact, the name volcano is derived from the Latin
name Vulcanus or Volcanus, applied to the island in ancient times
because it was believed to be the location of the forge of Vulcan. From
this association, the name volcaro has been applied to all mountains
which give off “smoke and fire” throughout the world.

There is a legend that, during the reign of Romulus, a temple to
Vulcan was built in Rome, and a festival called Vulcanalia was held
on August 23 of each year, the ceremony consisting of a sacrifice to
Vulcan for the purpose of averting all mishaps that might arise from
the use of fire or light.

prY

After Bullard. 1984
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CINDER CONE

Fig. 5.4 Schematic diagram of a cinder cone. Bedding of cinders at the
flank of the cone is at the angle of repose (30°). A small welded spatter
rampart is on the left side of the diagram.

After Smiley et al. 1984
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Planetary Field Geology Practicum
The Chinle Formation of the Painted Desert

Bill Bottke, Moderator

Figure 11-2. Petrified Forest Member of the Chinle Formation, north of Cameron.

The Basics:

The Chinle Formation of the late Triassic age is composed of various rocks of
continental origin, including claystone, sandstone, limestone, siltstone, and conglomerate.
It extends over most of the Colorado Plateau province, where it varies in thickness from 200
ft to 1700 ft (typical depth of 1000 ft). It is not uncommon to see the exposed layers of this
formation where erosional processes are significant. The mixtures of the depositional

conglomerate lead to many colors (blue, gray, red, yellow, white, green) which give the
painted desert its name.

The Chinle Formation rests uncomfortably on the. underlying strata, where in most
of the Colorado Plateau it overlies the Moenkopi Formation of the Early and Middle
Triassic age. It is divided into a lower (bentonitic) part and an upper (red-beds) part. The
lower part of the Chinle Formation is considered to be a continental deposit laid down in
streams and lakes and on flood plains (this interpretation os based predominantly on the
types of sedimentary structures and fossils). The upper part is likely a lake bed deposit, due
to the grain size and composition of the depositional features. Fossils in these regions are

much scarcer, but contact between the two units is gradational and difficult to find in some
areas.
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11~1. Paleogecgraphic map of Arizona during Triassic time. Reproduced from Wilson, 1862,
sumé of the geclogy of Arizona; Arizona Bureau of Mines, Bullqgln_ 171

Aré
Origins of the Chinle:

The Triassic period (230 - 180 M.Y. ago) was a time of general emergence above sea
level, following the late Permian withdrawal of the middle Permian shallow seas that
covered most of Arizona. As high mountain ranges rose in central Arizona, all of central
and southern Arizona was uplifted (Mogollon Highland) and deeply eroded with erosional
debris spread northward in early Triassic times by sluggish streams to be deposited as mud
and sand on the low costal plain of a shallow sea that extended northward and westward
into Utah and Nevada. Occasional volcanoes deposited fine volcanic ash into these flow
features which mixed with the other debris and clay. Stream directions, as indicated by the
orientation of the cross strata, were mostly N-NE, indicating a source area to the south of
the Colorado plateau. This source, the Mogollon highland, was predominantly a volcanic
terrain, as indicated by the abundance of volcanic debris in the lower Chinle. Fossil-bearing
pebbles in conglomerate layers in the lower Chinle, on the other hand, indicate that some
sedimentary rocks were exposed as well in the source region. Fallen trees were often caught

up in this flow and eventually silicified, forming the "petrified trees” we see today (see
Steffi’s talk).

By late Triassic time the elevation of Mogollon Highland had increased enough that
the slope gradient among the northward flowing rivers was allowing transportation of coarser

sedimgnts, such as sand and gravel, over the coastal plain. These gravels were spread
uniformly and are now referred to the Shinarump Conglomerate. The widespread sandstone
and conglomerate units of this feature are probably point-bar deposits produced by the
lateral migration of meandering streams. Following this deposition, the Mogollon Highlands
were evidently reduced in elevation, since the following deposition sediments were much
finer in grain size. This material (volcanic ash, sand and clay) was spread over most of

—metb e A e a3 L rr. s



E_mu:m.—-Shallow trough sets of low-angle cross-strata in Petrified Forest Member of Chinle Formation near Cameron,

The Lower Chinle; Composition and Characteristics:

The lower part of the Chinle formation is mainly composed of variegated bentonitic
claystone (a reddish clay formed from volcanic ash), clayey sandstone, and thin widespread
units and sandstone and conglomerate. Easily erodible, bentonite also swells up when its
wet and shrinks when its dry, making life difficult for new plant growth as well as allowing
the Chinle to form very distinctive landforms. It contains an abundant amount of fossil flora

and fauna, attesting to the early violence surrounding the production of the volcanic
sediments.

The Petrified Forest Member is the thickest and most wide-spread member of the
lower Chinle Formation. Present throughout lower the southern part of the Colorado
Plateau, it is generally 1000 ft thick and composed of brightly colored horizontally stratified
claystone and clayey siltstone as well as cross-stratified clayey sandstone. These rocks
contain montmorillonitic clay probably derived from the alteration of volcanic glass, and
sand-sized material composed of volcanic debris. In some areas the member contains units
of cross-stratified ledge-forming sandstone and conglomerate (i.e. the most conspicuous

being the Sonsela Sandstone Bed, which covers a large part of NE Arizona and NW New
Mexico).
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The Upper Chinle; Composition and Characteristics:

The upper part of the Chinle consists of reddish horizontally bedded or structureless
siltstone and generally minor amounts of sandstone, limestone, and siltstone. Fossils in
these regions are much scarcer, but contact between the lower and upper Chinle units is
gradational and difficult to find in some areas.

The upper part of the Chinle Formation may be mostly a lake deposit, as indicated
by the fine texture and even bedding of the strata and by the type of fossils. Cross stratified
sandstone layers, interpreted as stream deposits, are abundant locally and are most abundant
in a narrow belt extending from SW Colorado to Central Utah. This belt of sandstone is
considered to mark the location of a major river system. Highlands in W. Colorado and the
Mogollon Highland in S. Arizona are considered to be the major source areas during
deposition of the upper part of the Chinle Formation. Granitic and metamorphic rocks and

some sedimentary rocks were exposed in the W. Colorado highlands, but rocks exposed in
the Mogollon Highland were mainly volcanic.
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12 CEINLE FORMATION AND RELATED UPPER TRIASSIC STRATA, COLORADO PLATEAU REGION

A
SOUTHERN NEZVADA. SOUTHWESTERN
UTAH, NORTHWESTERN AND WEST-
CENTRAL NEW MEXICO, AND NORTH=-

ERN ARIZONA EXCLUSIVE OF i B
MONUMENT VALLEY AREA SOUTHEASTERN AND EAST-CENTRAL
i UTAH AND MONUMENT VALLEY
Harsnbarger. Repenning, and Irwin (1957)
Recenning, Cooley, and Akers (1969) AREA, NORTHERN ARIZONA
Averitt, Derzarman. Marshbarger, Stewart (1957)
Repenning. ana Wilson (1955) Stewart, Williams, Albee, and Raup (1959)
d Wilscn and Stewart (1967) - Witkind and Thaden (1963)

Wingate

C
NORTH-CENTRAL
NEW MEXICO

Moaified from Wood
ana Northroep (1946)

Sandsloas

8
Prerified — % 5 5|
- e Forest onsela =
8| = Temple Mountain
E ‘Jo_hmbnr mn.l! d 3 é Membar .;E_
k : £ 2
=  (Secasione| Mesa |lower:] 5§ Z
£ | nd Red red ;
& |- \mucstone] |, \ =« Shale Tangue
memoer |Sanastone™ - Agua larca
Shinarump Member .- 7| p member Sandstone bt
N Moriied |
E F
; NORTHEASTERN UTAH AND
WEST-CENTRAL AND CENTRAL COLORADO NORTHWESTERN COLORADO
D Pecole and Stewarz (1964)

Poole and Stewart (1964)

SOUTHWESTERN COLORADO Wingate

Sandstene

Chinle Formation

Chinle Formation

Dolotes Formation

* Mottied

Gartra Member 2 * membas

Upper (red-bed) part of
Chinle Formation and
related strata

Lower (bentonitic) part of -
Chinle Formation and
reiated strata

S

INDEX MAP SHOWING AREAS WHERE STRATI-
GRAPHIC NOMENCLATURE IS APPLICABLE
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Planetary Field Geology Handout G.Komatsu
Formation Process of Sapping Valleys
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Comparison, Mars and Venus
Marsian Valley Networks
1) Geologic settings
a. cratered highland (Noachean, 3.8 - 3.9 billion years)

2) Morphology, particularly for the longitudinal valleys
(Pieri, 1980, Baker, 1982)

a. theater-shaped valley headwalls

b. strong structural control of valley alignment and planform

¢. hanging tributary valleys

d. long main valleys with short, stubby tributaries

e. irregular angles of channel junction

d. valley widths that remain nearly constant in a downstream direction
3) Origin

a. surface runoff, particularly for the dendritic valley networks (Milton, 1973,
Sagan et al,, 1973)
b. sapping (Pieri, 1980, Baker, 1982)
c. valley glacier (Lucchitta et al., 1981, Lucchitta, 1982)
‘4) Implication

a. warm, wet climate (Pollack, 1979)
b. hydrothermal circulation (Brakenridge et al., 1985, Gulick and Baker, 1989)

Venusian Valley Networks
1) Geologic settings
a. highland regions
b. coronae
C. novae
2) Morphology (Gulick et al., 1992)
a. rectan
b. labyrinthic
c. pitted or irregular
3) Origin
a. lava sapping (Komatsu et al., 1992)
4) Implication

a. gradual thermal erosion
b. exotic low viscosity lavas (sulfur, carbonatite)
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SHINARUMP CONGLOMERATE MEMBER (of Chinle Fm.)—U. Triassic

(1) Four Corners region. (2) G. K. Gilbert, 1875, U.S. Geol. and Geog. Surv. W 100th Mer., v. 3, p. 1-187. (3) Shinarump Cliffs, S
of Vermilion Cliffs, Kane Co., Utah. (4) Yiw.-wh. to buff cgl, ss., and sh.; mass. gry. x-bed, cgltic ss.; lenses of red-gry. sh. Sil. wood
abund. (0-225'). (5) Recog. as basal cgl. mem. of Chinle Fm. Disconf. or unconf. on Moenkopi Fm.; conf. and gradat. with Monitor
Butte Mem. of Chinle Fm. Acc. to ). H. Stewart, 1957, AAP.G. Bull., v. 41, p. 442-452, in Moab, Utah area, the so-called
Shinarump cgl. of Baker (1933) and McKnight (1940) is a strat. higher unit at base of Chinle and is assigned to Church Rock Mem.
of Chinle. The Shinarump was long regarded as a fm.

DE CHELLY SANDSTONE MEMBER (of Cutler Fm.) or DE CHELLY SANDSTONE (of Cutler Gr.)-L.
Permian (Leonardian)

(1) NE Arizona, SE Utah, NW New Mexico. (2) H. E. Gregory, 1915, A.).S., 4th, v. 40, p. 102. (3) Canyon de Chelly, Apache Co.,
Arizona. (4) Mass. x-bed., It. red, buff, and br. ss. and cgl. (0-1,000'). Pale br.red, tan, oran., even-gr. cse. x-bed. ss. with a few sh.
(300-800"). (5) Orig. a mem. of the Cutler Fm.; raised to fm. rank by J. A. Momper, 1957, Four Cor. Geol. Soc. 2d Gdbk., p. 90.
In Monument Valley, overlies the Organ Rock Tongue; In places overlies Supai Fm.; overlain by Hoskinnini Mem. of Moenkopi Fm.
In pt., equiv. to Supai Fm. and Coconino Ss. Prob. equiv. of White Rim Ss. in Utah and of Meseta Blanca Ss. Mem. of Yeso Fm. in
New Mexico. In type area, H. W, Peirce, 1964, N.M.G.S. 18th Gdbk., p. 57-62, recog. five mems. (ascend.): Hunters Point, Cak . -
Springs Cliffs, White House, Black Creek, and Fort Defiance (all not present at some locs.).

SUPAI FORMATION (of Aubrey Gr.)—Pennsylvanian-Permian

(1) Four Corners region to E California and SE Nevada. (2) N. H. Darton, 1910, U.S.G.S. Bull. 435, p. 21-25. (3) Supai Village, in
Havasu (Cataract) Canyon, N Arizona. Supai is contraction of word *Havasupai”. (4) Red ss. and sh., purp. s. (500'-1,000';
1,700™-1,800' along Mogollon Rim, Arizona; 3,000'(?) in Confusion Range, Utah). (5) Conf. on Naco Ls. or unconf. on Redwall
Ls.; overlain disconf, or gradat. by Hermit Sh. or Rico Mem. of Cutler; or by Kaibab Ls.; or by Coconino Ss. in Grand Canyon area,
the Hermit Sh. sep. Supai from Coconino. In Defiance uplift and Toadlena area, Supai interfingers with overly. De Chelly Ss. Equiv.
to Cutler Gr., and to Abo and Yeso Fems.
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Figure 1b.—ERTS photomosaic of Black Mesa Basin and adjacent areas,
northeastern Arizona, showing the route of a 2-day field trip (NASA
ERTS E-1103-17323-7, 1318-17265-7, 1318-17271-5, 1319-17321-5, and
1319-17323-7).
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hvdrated basaltic giass. and accessory and accidenial xenoliths in Sycamore
and Oak Creek Canyon areas. Age is between 4.2 and 4.9 m.v. in Volunteer
Canyon (Damon and others, 1974). Locally includes older basalt flows in
—— Sycamore and Oak Creek Canyons

Too . OLDEST BASALTS OF SAN FRANCISCO VOLCANIC FIELD (PLIOCENE AND
S MIOCENE)—Informally called rim basalts: in Volurteer Canyon unit includes
o four flows with K-Ar ages of 3.9 to 9.0 m.y. (Damon and others, 1974)
Zadz% DACITE DOME (PLIOCENE)—Occurs on northeast flank of San Francisco
Mountain stratovolcano. Age is 2.78% 0.13 m.y. (Damon and others, 1974)

~7Te | RHYOLITE DOME OR FLOW (PLIOCENE)—Glassy, aphyric to porphyritic

feaee o] .
rhyolite. Associated with Sitgreaves Mountain and Kendrick Peak volcanoes

and isolated domes between these centers and San Francisco Mountain

stratovolcano
- RHYOLITE PYROCLASTIC DEPOSITS (PLIOCENE)—Associated  with
Sitgreaves Mountain; predominantly air-fall depostts
ROCKS OF HOPI BUTTES VOLCANIC FIELD
BIDAHOCHI FORMATION (PLIOCENE AND MIOCENE)
Upper member—Sandstone, weakly consolidated, mostly fluvial in origin

Lower member—Calcareous mudstone, siltstone, sandstone, and minor rhyolitic
ash. Mostly lacustrine in origin :

Volcanic vent deposits—Includes tuff breccia, agglomerate, and lacustrine
deposits in maar craters. Lava flows may cover vents and other deposits.
Ages range from approximately 8.5 to 4.2 m.y. (P. E. Damon, unpub. data,
1979) ' .

Monchiquite lava flow—Alkalic lamprophyre containing clinopyroxene, olivine,
biotite, and analcite. Extends beyond its source, il some cases as much as
several kilometers. Ages are 7 to 6 m.y. (P. E. Damon, unpub. data, 1979)

Dike or neck—Monchiquite similar to lava flows (Tbf); commonly includes
tuff breccia. Age range is same as for vent deposits {Tbv)

Bedded monchiquite tuff—Mostly lacustrine or air-tall in origin; may extend

several kilometers from the eruptive source S

SEDIMENTARY ROCKS OF THE CO ORADO PLATEAU

Kw | WEPO FORMATION OF MESAVERDE GROUP (UPPER CRETACEOUS)—
L Alternating beds of olive-gray siltstone, coal and yellowish-gray sandstone.
— Thickness 0-350 ft (0~107 m)

- Kt TOREVA FORMATION OF MESAVERDE GROUP [UPPER CRETACEQUS)

Upper sandstone member—Yellowish-gray to grayish-orange-pink, fine-grained
to very coarse grained sandstone. Thickness 0-80 ft (0~24 m)
Middle carbonaceous mudstone member—Variegated mudstone. Thickness
0-100 ft (0-30 m)
Lower sandstone member—Light-brown to pale-yellowish-gray, fine- to medium-
grained sandstone. Thickness 0-120 feet (0-37 m)
Tongue of Toreva Formation—Sandstone. Intertongues with Mancos Shale.
Mapped in the Padilla Mesa area. Thickness 0-25Y ft (0~76 m)
MANCOS SHALE (UPPER CRETACEOUS)—Light- to dark-gray claystone and
siltstone. Thickness 160-725 ft (50-220 m)
Upper tongue—Light- to dark-gray claystone and siltstone. Mapped in the
Padilla Mesa area. Thickness 0-50 ft (0-15m)
DAKOTA SANDSTONE (UPPER CRETACEOUS)—Tan, brown, and gray
sandstone, conglomeratic sandstone, and conglomerate. Thickness 0-90 ft
(0-27 m). Pinches out to southeast

TE JURASSIC)—Greenish-gray to light-
yellowish-gray, fine- to medium-grained, cross-stratffied sandstone. Thickness
0-285 ft (0-87 m) where exposed; 470 ft (143 m) thick in well at Keams
Canyon. Pinches out to southeast i
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