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FIQURE d4«=Ckoss SECTIONY AA' AND B SHOWING THE OHAVITY
FROMILE AND INTERPALTUD OBOLOQY. Telungles Indicale the ealeu.
lated gravity anomuly bused on muss distribudlon in the geologle
profile,

GEeEoLoay oF CERROS DEL RIO

VOLCANIC FIELD
by Juyne €. Aubele
University of Arizone, Tugeson, Arlzoms

Geologle setting

The Cerros del Rlo fleld (Mg, 1) is located an the Lu Bujadn.
Jemez constelction, which separates the Espanoln und Sunto
Domingo Busins of the Rio Qrunde rift (Kelley, (953 Kelley
and others, 1976), At this polnt, the rift is luterully offsel
19 ml (30 km) to the right, Glevavions runge from 7,471 {1 to
5,358 11(2,277 m 1o 1,633 m), Approximately 70 sq ml (180 sq
km), Including purt of White Rock Canyon, have been
mupped in detall (Aubele, 1978),

The enrly Plloctne to Plelstocend rocks of the Jemez Mou.
tulns purtiully cover the west bounduary faults of the Espanolu
Busin, The upper Tshireye Member of the Bundetler 'Turt,
which erupted from the Vulles calders of the Jemez Moun.
tuins, overlies the distal northeen edye of the Cerros del Rio
Mows (Bulley and others, 1969),

The Cercos del Rio fleld ends I un tbrupt escurpment, on
the southwest, 325 [t (160 m) ubove the fun deposits anil
stream gruvels of the Santo Domingo Dastn, To the eust, the
buse of the Cerros flows Is visible where It overlies the Pojoa.
que Member of the Tesuque Formation, Suntu Fe Group (Qa.
lushn und Wick, 1971, riy, 38),

Strutigraphy

The aetivity of the Cerros del Rio Meld Is younger thun the
deposiilon of the Suntn Fe Qroup ns deiined by Calushu und

Blick (1971), The voleanie netlvity Is In part conlemporuncous
with the deposition of gravel conglomerute lenses, which ure
posstbly equivalent to the Puye Formation (mld-Pliocene)
(Oulfey nnd others, 1969), The activity Is ulso contemporne
neous with the deposition of the Otowl Member of the Bande.
Jer Tuff (Smith nnd others, 1970).

.Approximately 60 vents have been Identifled within the
Cerros del Rio voleanie fleld, und the majority of these are
murked by cinderssputier cote formatlon, The cones vary In
size, shope, and state of degrudation; however, all of themn
have the same general structure (Crumpler and Aubele, 1977),
There were probably two stages of cinder-«cone Formuatlon in
the Cerros del Riot 1) enrly-stuge einder cones predating the
mujor Nows and 2) lute-siage clnder cones mutking the finyl
eruptive uctlvity in the urea, Burly.stage clider cones are now
exposed by erosion, uspecially along the enst edge of White
Rock Canyon, A northesst-trending line of early cones occurs
near the southern boundary of the Ceju del Rlo Qrant and
one of the few examples of possible [lssure ulignment of vents
in the voleanle fleld, Loteestuge cinder cones were erupted
durlng the Cnul wetlvity af vents thiat had previousty extruded
fuva flows,

Intrusions In the aren include severul plugs, dikes con.
sistently trending to the northenst, and one il exposed on the
eust slde of White Rock Canyon,

The eruptive rocks ol the Curros del Rlo fleld conslst of
atkall basalt (hawullte), busaltie undesite, und undesite, Activ
ity began with the extruston of huwallie, whlcly forms exten-
dve flows o the south and notth margins of the urea, The
busal Mow unii n the north has been duted at 2.6 = 0.4 m.y,
(Bachman und Mehnert, 1978, no, 2) und {s exposed in White
Rock Cunyon, Clader cones and phreatomuagmuatic eruptions
occurred simultaneously, and remuunts of these vents are exs

e\ a{EEATT
7

Ay
Netanet |

e '“‘s"'“" I

e
sbwal¥

AL

yomand

N ]

FIGURL | =IKtx ANU auoLoaie MAS oy TRt Crkoy uik o vol.
CANIC PILL, Vents designated by usterisks muurs nnd tueT Hity deye
ihated by clecled asteriak] A=enndesitn) BA=busalile undu‘lu_t
Hemhuwilite, Nutbers refer to sample locations) see luble 1, Ree
luhigle ouil)nes ares mapped n detall,

RO TY BT




posed 10 uiid neat White Rock Cunyon und I the southern
part of the Tleld, This netivity was Tollowed by ¢ruptions uf
attdesite Mowsdomes, Tirst 1 the south und then i the north,
Thioughoul these eruptlons, less voluiilnous extrusions of
huwnile occurred along o zone of vents teending notthwests
southeust In (he center of the Neld, Folluwing the undesilic
eruptions, hawullle aetivity continued long the ceniral 2one
Oune of the two strutigeaphivatly youngest Nows hiuy been
dated 0l 2.8 £ 0.2 Yy, (Hachinun und Mehnert, 1918, ho, d)

Volennic setlvity I the Cerros del Rio Neld had alinos!
censed before the Tormution of the Valles calders I the Senes
Mountains, The upper membee of (he Bundeller ‘lulT, ¢xe
truded from the culdery, overlies the hawatite west ol White
Rock Cunyots und Iy exposed In one locution oft the enst slue,
Hete un eroded valley fn the hawaifte sérved s u chinne] fut
the (T, which contuels the underiving busult whd ash uncots
formubly, ‘The (uff then appeats to {up up on the eust wull of
the canyon as o wedge, und 1t thins rupldiy 1o the cust,

Extensive uleslull depositlon of pumice from the Villes
eruption imust hive covered the entire Cetroy del Rlo rield.
‘The putnive probubly helped 1o preserve sone of the original
voleanic lundforims (now being exhumed) and coniributed lo
the development of Quaternury solls, 1n most cases the
blunket of pumice s been eroded und redepusited ts sl
autfuce deposits senttered throughout the fleld,

White Rock Cunyon

White Rock Canyon, t 3,000 (300n) gorge, Wiy ¢ut by
the Rlo Qrunde nfter the eruption of the ‘Tshirege Member of
the Bandelier Tt (Ead muyag Bulley und othiers, 1969), ‘he
present conflgutution of the canyon 1y e resull of extensive
torevasbloek slumplog, which has widened the cunvon und res
neated the steatiyruphic section (g, 2),

The cutting of the canyon hus exposed an aren of [hiere
culuted phrentomugmatic deposits und busalt Mows, The
yallowstan phretomugtnutle deposits; deslgnnted us Suntn Fe
Croup ot strentmeund<uke deposiis by previous workers, wre
predominantly accldemtnl materials of sedhinentery otlgin,
These muteeiuls include 1) thinly layered sund and sl wiih
busaltie ushs ) pulagonite; and 3) frugments of basal, eindet,
chert, quurtzlie, and Precambrion granbtic und metutnorphie
rocks, The chiert, quartzite, und grunitie fragments ure probe.
ubly from euaely stresm deposits undetlylng the phrentos
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FIQURE 2—=TonivA BLOCKS IN Wit Kock CANYON, NOKTH OF
ANCHO CANYON, Yiew (o the north, The Rio Qrande s approximuaies
Iy 10 m wide hete; the canyon rim {s about 300 m above the river,
Two old river lerruces also visible,

{Muw Mesleo Bureau Mines & Minotal Resourcas, Circutat 183, 1078)
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mugimntle deposy, tn o few places the levered sand atid il
prudes Inio finely luminnted cluy, which ulso comtals
volewnte mnd Precatbriun frngiments and v internsreled oy
reworked (UlT deposhied i stiull tnkes o punds, The phiretos
muginatle depoalis viry fin (hiekness from i weler ta tens of
ineters, Bomb sugs, cuuliflowe) boimbs, sid crossbeds formed
by buse subge nre commmon,

These deposits ate cleatly redwied lo the uelivity of the
Certos del Rlo rleld, because they ate Intetbedded with
huwalite fows, ‘Fhe souree of the deposits st have bees o
seties of mabr cruters that poralleled the present White Rock
Cunyon, Al letisl [ve of these venis ure eaxposed it varying
degiees of dissection ln side cunyotts ulong the Rlo Qrande,
including Montose Artoyo uid joles Canyon,

Notth of Motitoso Deak, w deeply disseeted wagr Iy exposed
on (he enst wdge of White Rock Cunyoln whd hus been i
farmally naned Montose mane (Mg 3), This previousty
unkbown must hus been descelbed in preliminaty reports by
Aubele {1976) und Aubele aind athers (1970) und I the best exe
posed maut deserlbed 1o dute i the Hternture {Lorene, 913
personul commdniention, 1997 ‘Total reller s over 633 N
{200 m), und dissection hus exposed severnd sientigraphle
[evels uined u wellsclelIned ringsMrnclre rone,

Severanl other phtentomugmuile venls ldentifled ns muuts,
WIT elngs, shd SOl coney uve been discovered within the
volennle feld soulh of White Roek Canyon, ahd explosive
activily appeats 1o huve ocenrred ibtotighot the erupllve
history of the Held,
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FIGURE 3= AKIAL VitW OF MONTOSO MAAK LOOKING AOUTH ACHOSS
THI Rio Qrandiu crater upproxhinately | km in diasmeler,
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Petrotogy und petrogencsiy

Chemicul analyses and norms, culeulnted by the Niggll
method, are glven for 10 representative sumples in table |,
The petrologie classifleatlons nnd terms used throughout this
study have been based on {rvine and Baragar (1971), The clas.
siffcution systems of Middlemost (1972), Lipman and Meh.
nert {1975), und Curmichael und others (1974) ulso ngree with
{rvine und Baragur's rock nomencluture for these sumples,
Avernge modes for off the units und feldspur determinutions
have uided In the clussifieation,

Reglonal setting und geologle Implicutiony

No modern perennio) streams Now through the Cerroy del
Rlo voleunie plutenu, although intermitient cunolf towurd the
Rio Crande hns cut deep nerovos In the pumlceous soll cover
and In the tnteclor of Mows, Plirestomugmatic depostis tn the
vieinity of White Rock Cunyon could be cited us evidence for
u throtughegoing stream in the area ot the tme of the eruptive
actlvity of the Cerroy, Addldonal evidence for i depression,
probubly u vulley cut by u strewin, is bused on the thickness of

canlcsection thins to 100 1t (30 m) und 10 1 (3 m) respectively,
while to the north snd west, nlong White Roek Cunyon, the
expused sectlon bs consistently 1,000 £1 (300 m) thlek. The thig
western edge of the lNows appeurs to be sbout § mb (1.5 1o 2
km) west of the present Rio Grande (Kelley, 1948), This
distribution pattern implies thut the Nows filled In o valley or
depression tn the vicinity of the modern White Rock Canyon,
These Nows were later eroded Into vulleys, which were Mlled
by the distal edge of 1he Bundeller TUlr, Fiunally, White Rock
Cunyon wis formed by coniinued stream fnelston,

‘The flows of the Cerroy det Rlo nppeur to have followed
two distinet geadients, A northwesttrending line of vems in
the center of the nren uppears to hive deted us o divide for the
iwo gradlents, Flows [rom Its south side Now west ot soulh,
while Muwsy to the north consistently hend north, These yru.
dients may relnte to the reglonal grudients caused by the
Espanolu Dasin to the north and the Sunto Domingo Busin 1o
the southwest, [ 50, then the northweststrending vents may be
aligned wlong un extensionul zone between the busing, ‘the
dominunt volewalsm slonyg this wrend 1y hawatite, which |y

the Cerros dul Rio Mows. To Uhe cust und southenst, the vol. generndly thought to represent relutively deep mugmu generu.

TABLE 1= CHEMICAL ANALYSES AND CALCULATID NORMY OF THE YOLCANIC ROCKA QI TR CRUAGY BIIL RI0 VOLEANIC iELL, Niw M
1co (unalyses by J. €0 Aubele), ¢ Qravimetrlc anulyses of SiO; performed by John Husiers 1 8.1 (sulldifeation index) w (MO =
100)/(MRO + FeOy + Nu,O + K,0)1 § norms duleuluted wilh ndjusted vulues of percent e, 0y, such that percent 6,00 » percent
TIO, + 1.5 (slter Jeving und Bnrugar, 1971),

D 2 ) 4 s ) 7 k ) 0
510,¢ 60,15 4941 $9.34 0.0 30.14 47,52 36,44 $9.7) 60,98 44,0}
T, B4 207 W10 R M 1) L) A1 3 192
ALiOy 15,43 17,41 1394 16,92 18,6} 16,30 17,03 16,04 13,7 16,29
Feil 251 ddd 2,83 240 1.43 447 3,80 332 3.58 3,48
e L9 6,34 2,66 3.5 5,61 5,43 3,82 A2 3,03 74}
MyO .26 3.0 3.66 20 0,38 6,77 ARk A 341 (N3]
Cu0 3.4 124 $.18 3.2l N,67 #.4d .48 S0l .41 N2
NuwO 394 AL} 442 4,22 4,10 4,07 4,19 4,14 4,22 3,83
N0 2,53 1.6Y 244 2,60 1N P 240 Wi ral L7
Muo 0 A6 W i) A4 b Y (4 0y NE)
HO* 42 338 N 1,04 004 1,28 08 1,38 104 U4
H,0* NI W22 Wb A 1 A4 o (Lt A3 Uh
10, J1 86 SN A3 i R 07 hr QY W
Hald Riig {8 WO i N/l UK W18 Q4 {7 WU
510 K A A0 W A2 A3 31 W43 L8 A0
‘Total 99. 14 100,60 .20 o033 Ya.3s 94,83 .01 Yu.h Yy.42 VUAT]
St Wb 4.8 .48 184 1N 29,4 19l i 32.3 MY
natindiive minerulogy?
¢ 1084 00 U] N1 00 0 844 Y.%6 IEAY) v Y
o 1514 Y.98 14,68 18,48 10,23 13.21 {dalo W.Ul) 13,98 'M“
ub 15,43 M2 31,60 I8y 1240 24,28 40,03 118 1538 4
e L0 62 00 Ked} 2,40 1,84 a L i V] Wd
di R) LT 6,08 1.0l 18,69 13,20 4,%0 3.94 Y fo.74
hy 10,23 W00 UNL .5 00 W00 Y. LRV LA W
fu L0 B3 00 00 CR L) 10,81 00 WY 0 11,38
fa W 448 i ¥ L 4,81 Ju W00 {0 W00 4.3
i 1.la 2,48 M Loy 1.0 W2 ] L3 1,02 .64
u” l7" 1.79 '023 A‘)" Il” 1’.02 ldﬂ.‘ la’j .32 ]I’l
u 147 3.3 .33 2,40 388 1.4 3,80 3.3) 38 1,89

Ruck type, specimen nlmber und locullty

1) Andesite (CDe1), venl 31 (QTus) south of Coultitl cune

) Huwallte (Mel0n), suutberss huwalite ¢QTb, ), neut Catads Petilly

3} Andeslts (MaM 1 6), Moniovo Peuk (QTui), west of Momtosw Deak

4) Andesite (W1RS03), Or(i¢ Mountubn (€ Twa), north of Pankey [feuk

) Huwalite (WILIL), eatly northern luwaiite (Q1,), soulh uf veii 4

6) Hawatite (MU61), Cerro ®1o (QTY)), noth of vem

7) Busaltic undesite (Medme), Cerro Micho (Q@1'bu, ), west of veni |1

N Andesite (MDP21), Cerrito Portiliu (QT,), weal of Tot (ulf ting (vent d1)
9) Anidestte (ME 1 2¢); Qulutudo Peuk (QT), south of Colotude leak
100 Huwaltle (AQE L) it Hlls vett 7(QT0y, sutth of Honales Pond

{Nuw hioxige Burvau Mines & Minetsl Rusoutcus, Cliouter 83, 1978]



tlon und differeniintion (Carmichuel, 1974), Bxtenstonnl fruce
1ures would serve us u loglen! condult for the rupld rlse of
uikulie magma frotm deep sources,

Recently, the Rlo Qrunde rift hus been compated to other
rifts, mony of which are ussoclated with the global teclonies
of spreading ridges, Some of these comparisons ure instruee
tive; however, un exuminallon of the voleanie petrochemical
ussembloges leads 1o the conclusion that the rocks of the
Cerros del Rlo dre not completely anslogous (o voleanic rocks
{n other clfts,

In thelr chemical composhiion, the huwallies of the Certos
del Rlo strongly resemble the pluteau alkull basslis from
Bthiopls {Mohr, 1971), No correlution exists, however, be
tween the andesite of the Cerros del Rlo und the Intermedinie
Juvns of the Afrlcan rift, which have alkalic rutlier than cales
ulkulle offinfties, The northern M1, Tuylor voleunie fieid,
which hus been recently mupped by Crumpler (1977, 1978,
und work in progress), is the only voleanic feld In the Rlo
Qrunde uren that follows u complete alknlic trend similar to
that dominnting the African elft, In bath Kenyu und Sihloply,
busults become tholellile, or at leust Jess glkalie, within the rif)
(Baker und others, 1972), Lipman (1969) hus found u simblur
correlntlon in the northers Rlo Qrande reglon. However, no
tholelites have been Identified in the Cerros del Rlo, ulthbugh
the feld is lacated within the rift,

The presence of hawalite without tholelite In the Cerros de!
Rio may be attributed to its location ol nn exiensional fracwure
20ne between two basins, This Is not inlmical to comparisons
between the Rio Orunde rifi und ather tectonle rifts, How.
ever, the most uppropriste compurison of the petrologle
nssemblnge (howalite.-busaliic undesite-undesite) of the Cerros
det Rlo voleunle fleld Is not {0 the east African rift, but ine
stend to other voleunic Mields of the Basin and Runge provinee
in the western Unlied Sttes,
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CENOZO0IC GEOLOGY OF ESPANOLA BASIN
by Kim Munley, U.S, Geologival Survey, Denver, Colardto

The Espaholy Basin 15 {n a northesouth alignment of
Cenozole basins that extends from centrud Colorado to southe
erit New Mexleo (Chapin, 1971 Chupln und Seager, 1975
Manley, 1978), known us the Rio Grunde depression or rift,
The Espufoln Yusin extends 25 mi north to south and 40 m)
ust 1o west,

The wesjern half of the basin Is fllled with the voleanic
rocks of the Jemez -Mountsins (Mg, El); these mountnins
deflne the western edge of (he topogruphic basin, which s
only 20 m! wide, The topographic busin terminates near mesus
cupped by basults of the Servillets Formatlon to the north and
Cerros del Rio voleunic fleld 1o the south, Tertlury sedimens
tury rocks are preserved in the central busing Oolisteo, Bl Rio
(Smith, 1938), Abiquiu (Smith, 1938), and Plcurls (Cabot,
1938) Formutions nnd the Suniu Fe Group; severnd Pllocene
and Plelstocene alluvial deposits are also preserved In the cene
trad besin, Including the Ancha and Puye Formations (Plio-
cene), The tapographic boundary to the east (3 the Sungre de
Cristo runge. Structurally, the busin is sepurated from the
Sunlo Domlingo subbusin to the south by the northwest.
trending Lo Bujuda fnult, downthrown to the southwesl, The
Espufiola Basln s bounded on the north by the Sun Luls
Valley, This boundury Is diffleult 10 pinpolnt but |y generally
assumed fa be alony the porthern Nanks of the Pleurls range
und 1o extend westward 1o the Ojo Cullente areu vin un {soe
luted Precumbrinn exposure known uy Cerro Azul, On the
west and enst the Espunoly Busin Is bounded by Precumbrians
cored uplifis—=the Nucimiento uplifi on the wesi and the
Sungre de Cristo Mountnins on the east,

The Tertury rocks In the busin huve been deseribed In purt
by severul nuthors, und the terminology of these rocks Is cone




