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- REVIEW

fstry; edited by [0 D, Burron and BS, Liss Poxii,
lot, 1976 LAcademic Press, $17.500-="This Louk con
Ay extended and revised™ tests ol lectures presented
writie chemistry held in London in Mav, 1974 The
view . . hnoswledee of the major aspects ol estuarine
Burton introduces the subject of estuirine chemisty,
ster each iy devoted to sedimentary proceses i8R,
ern, ateanie processes (1 G Heady, the behavior of
Comikineg cLiss, heavy metaly oA )L de oo, W
na, and radfoactive tracers (. Ko Duursmar The
is a case study on the Firth of Glvde (D WL Mackay
dand): this alone appears to expose @ substantial
~but with o broader aim tian o describe vondition
Lsvsten,

vipcesyes ot neachemical interest oceur i estuinte and
e envirotitnent generally, In the shorttern tiw chemis
ioloefeal turmoll of the mixing zone causes elements
mical speciation and/or phase distribution trom that
e continental inputs, Over sume longer, but poutly
nearshore environments may trap some fraction of the
cfore it can reach the deep seit tor exatmple, estnarine
diment in drowned viversalleys during imerelaciab,
cesses ane refated, except i vesearch, which fias taedy
it shortternt phenomein.

ption nuted shove the clapters i this s e
ivts ot wurk published ebewhere, sitee mose ot
red un provesses interial to estuities, o seise ot the
aateriab-balance yuestion is conveyed. 1 find this o be
- Otherwise the reviews are of mixed quality, The tnk
litetattne has evidently not led the contethutors W
new problems it estwavine chemistry nor to startling
~olution of tie old ones. “This volume will thereore
or ity reterences to the original literature, [nevitabh
ntisstatements and incotnplete representation of thet
I radionuclides, for instabee, are only pertuncionib
W, the seepe ol the buok is sulficient that mos e
reterences worth pusuing, Awerican readers wilt ap
ous reterenees to, and exsamples from, the Eupopet
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SCMMER 1077
MAGNETIC POLARITY STRATICRAVHY OF TUHE
CHAMITA FORMATION STRATOTYPE
(MIOPLIOCENE)

OF NORTH.CENTRAL NEW MEXICO

BRUGE | MacFADDEN
Departaent of Geolagy and Geaplivsies,
Yale Universniy, New Haven, Conneetiout ughdo

VINERAGE, Pl Chamatd onmatin sttonvpe appeniomt Santg be Graug cone
st ot SEE e ot pooddy mdutated toside dases st sl b gl eeavels Fan
whotal st tevmad oner ttaccons e amd tapper wilaceuias wne” which
ontend from 2 o 4N an send J20 oS00 an, tovpeaiveds, e nicho oy andall and
tesurhind soludtiselastic sediments. A aitoinn of 3 camples were eotlected from the
knerginned sediments Jor each ob 18 sitey spaced at g masinnn statugsphic inteys
whab 7 motbirougiout the strativpe. Rased o prehmnnmens abternang teld demag.
menstion studies, all specanens were onnnely demgnetzed e belds of at least 150
sertede sae apecimens redusred tunther demaenetisation in Gelds ot up to HN)
centuds Lute Font temperatiere dewermations, which e from 5550 1o 50e(
tg S speainetts show that the penanence s mobably carvred by an poneach iembey
st Banenngnente solul sdution senes e actntal omanent magetizciton.

Hacd ponapaliv on (D aatetcally aenifioant s the andote i oonasts of
CMEHELC pabaiitsy pones destetated o N R Paae previisdy pasnlishod fesgens
T e e vach Llem e fowe st it Tadiacooies goites, waitd Tosal gt
Crate e i petdenn contoed ot e e ot sl thie Ltietn peia iy st

s sotdand gttt potieay tere soah e aamagnan anembbage o the
SUasne s of ot loast P v sty consaontiatod ot B20 m aimene the e,
P i o ssundat o onhier date Hemsolhan dhate Miscene-catly Planaoies i
i anetblage, o esample, e Gotlée oo ol Fawia o the HempioHian
"I-I'lll\}u-‘
" "‘\j-lﬂlll"lu‘ polatin Aoues NE ot N3 owha extemt o the hase of the stitovpe
HUet e predontinantly ol nennal poboate thee sames reptesent mcedial e Lae
'r!""“ * ot AWathing epoch D the shatacteristie esent A ot reserseld polanty, wlueh
vl drom L0 w0 103 e s sepresented By ones RERS Zines RERG, which
;‘\':“"h”“““l"“ SEhm o the wp ol e siaton e, gepresent einly e medial Gilbent
i it the (-lll_u_-l.l. the thatacteriie avent 4ol predominantls gosmal polatiy,
e extetady Tram 495 o 470 ne s represented byopones NENS The aatieraphic
et ot e fowil concentiation at 205 conresponds o eatdy Gilbert tune,

INTRODUCTION

' I!u' knowledee that the Eavth's maanetic field has reversed {n the
':\«;:l"‘nu,u':nl past aned that these peversaly e freguently recorded in many
o " lfui.i s povided -.f-'nln.um\ \ntl:_ i |u}»\\'urlul ll'n)l .h"' worrehins
S Ba s istorder approsisetion. e Eacthes naenetic held can be
I"l"'."‘lt""ll.l'fl o that ot a - dipole magner. When this dipole revenses, the
v workdwide phenomenon that i revorded inorocks, Magenetic
""I:!-"’l’:l‘ A}{l':ftiur;lph‘\' iv asibdisddpline or earth sience that deals with
o n:.u:-'|.1'|~“m lﬂ'lllil'.tllt.‘tl‘(f u'\'cl'\:fls. One ol the muss attractive l;:(qls
“““; ”-'tlln. polarity strativeaphy s that rematence sighatires are vir
dependent o) vork e and, dheretore, tis method is ess cons

0l




TTh S0 Mackuddest—ddagnetie solarity st pdy o the Cliamty

aratied Ly the prublems o lithotacies amd biotaaes it hase plagoed
e traditiemal stratigrapher.

Mavnetic polariey straticeaply is however. dependent upon .
merows subdisciplines for input ot datas Onee a0 “magnetic polarin
somation” is established in a wiven senuence, 1t iy then necessars to draw
apon some other inforiition in order o place tie sonation into 5
proper geochronological tratnesork [y this reporty this prucedure
tetmed magnetic potatity Jonelugy” The snaepemdens daty ased for
control have traditionally been derived bom extrapoiated vates of
seofugical processes, sucdt as those tound in swietoor spreading and
seditientation, radiometric suee detertinations, and biochronoelowy of
tussils,

Intensive research in maenetic polarity aratigraphy has been con
ducted for the last two decides, OUne ol the pruwats goals ot this vesearch
has beent wo establish aostandard “magnetic polarity time scade™ (MPTS),
Coneentraged etforts §n construction wf the MIPTS were started by
Cuns Doelly and Dalivmple (06h, who determined the polarity and
radivthietric aves of late Cenogoic volcanic tocks in the southwestern
Cnited States, and MeDoueall and Tarling (itih, who determined the
polavity and radiometric ages ol late Cenoroic basalts: tome Hawaii,
These studies and many later ones led to the presentation ot the MPTS
for Uty ey, This standard time seade has underaone many additions
andd modrcatiots, and it s sull o state e bens Thie histors o)
developiient is comples et has been adeauately reviewed ehewhere
dav exatnple, Dadevtnples TS Watking 197200 10 o nterestitig to rite
that the MPTS for 0 to 1 ey, was developed in terrestrial sequences,
but the application ot tis standard W ocean basing lad a0 profound
etfect arn the curtrent revolution in catth sdence, Ahmost simultaneomly
with Goux, Doelly and Dalestnple (1063, Vine and Matthews (1953), in a
classic paper, postulated that bilaterally syimmetrical warine magnetic
anomaties on cither side of midseceanic vidurs revorded reversals of the
Eorths maenetic field and chiat this ocean Hoor tecord had resubied from
antal apreading of cruste Vine and SMatthews fave sinee been credited
with supplving the impetos that spatked the sadv ot plate tectonics.
Coguipped with the knowledge ot the ate Conoroie standand MIVTS,
Heirteler and others 11068y extrapolined the marine magnetic attaly
Jdata back in time o the late Cretaceons amd produeed the MPYTS o
anprozimately W to 89 mys This time scale Bas abo been amended and
modified (foe example, Opdyke, Burkle, and Todd, 10748 Thever and
Hammond, 1954, 1070 Tarline and Mitcheil, 19961 and Larson and
Pitman (1979 have extended it turther Back o time to lite Jurasic
Thuse o standard tine seale s been produced tor approximately U to
160 Ly, cfor o reeent peview, see [eving wud Pulfaah, FO76),

Concomitant with the study of marine saenetic anomaiies, thee
has been much work ou the magnetic polarits sttatigraphy ol faver |
oceatte sedittients, The magnetne polarity stratigraphy of these marine

_ ) X
L srtaon stratotype 1 e Clivcene s ot ot

[}
waanents is calibrated primarily by the biocl
[he study ot marine sediments has contribe
munts to the MEPES, The history ot the devely)
Lottty stratisraphy has been reviewed by work
Wathiny 1972, and Beroeren amd Ving Coudles

Stove recentdy there has been much interes
wratgiaphy al terrestriad inmabbearingg o
worid, Sorth Aierici potentially postesses mi
wents and T been o logical place tor this
b rotofoste sorgition sequence for eatn
Amencan Land Mammal “Ages” has been
otiers 0D Evernden and others (1964),
0701, Moekenmi and others (1979, Tedford
aid Lunddelins ad others (1973, These reports
(D incorporate relesant adiometric data,
prelintitry control {or the magnetic polarity »
Anerican sequences is available to o greater o
on the case nstady,

Johmson, Opdyke, and Lindsay (1975) pres
statieranhiv ot the Plindleistocene sequencee
of southeastern Arivona that represents medial
cane eary Blancan o Jate Irvinetonian age
prpavhe wad others (I0TT) present the magn
cunenees e the western United States that
cattv Brundies titae guedinl Hemphillian 1o e
Opdake and othess (i977) present the magn
ut the A Dovreso state Park ol southern
mecial Gilbert to medial Matuyama time (Ja
Irvingtonian age),

The purpose ol this paper is to presen
sativraphy and suanmalion biochronology
ments or the Chamita Formation stratotyp
Mevieo. MacFadden (975 and MaceFadden
Already presented preliminary summaries
weited acomptete report ol this research,

Y AYAVSTSAN

The tallowineg abhrevintions are used in the
SIS e polarity time scaic
L Lo adternating beld
ARM L anaal remanent magnetization
T ersteds l
Lo B bcal fatona in the strict sense oee 1
.\”\l;!f‘. ot wndeseribed geographically restr
UMD e Depariment of Vertebrate Paleontc
seuny of Natural History, New York




din—Magnetie polarity stratigraphy of the Chamig

detus ot litholacies and bicfacies that have plagued
rupher, ‘

o stratigraphy i however, dependent upon nu
» for input ot datas Once a “magnetic pularity
eed (1w given sequence, it iy then hecessary to dray
tortiition in order to place this sonation o 3
il framework, In this report, this procedure i
latity chironelouy.” "The independent data used for
atally been derived from extrapolted tates of
such as those tound in seafloor spreading sl
netre age deterninations, and biochronoluey of

i tnenetic polarity stuatievaphy has been con
o deciades, Gae ol the primary goals ol this research
G standard “magnetic polarity time scale™ (MPTS),
i construction of the MPTS were started by
vetiple (1963), who determinad the polavity and
site Genoeoic voleanie rocks in the southwestern
cDougall and Tartine (1963, who detertmined the
tric ages of late Genoeic basalts from Hawaii,
ny fater ones led to the presentation of the MPTS
standard time seale has uhdergone many additions
Aot s stitl inaostate of Hux, The histmy ob iy
fex and has Deeh adequately reviewed ehewhere
dey 19720 Winkins, FOT20 Tt is niteresting ta note
ol ey was developed i tenrestrial sequences,
Eothis stantdand ta occan basos Dad a0 protoued
svalution i et science, Muost simuitaneouly
Dadevmple (1963, Vine s Matthews (1963, duna
ed that bilaterally svmmetrical marine magvhetic
de of midiwoceanic ridges recorded reversals of the
atd that this veean floor record had resulted from
nte Vine and Matthews have since heen erediwed
tpetus tat sparked the study or pliate eretanie.
nowvledee ol the Lite Genogoic standard MIUS,
JOG8Y extrapolated the taringe maunetic anomly
he late Gretaceous and produced the SIS o
i This time scale has abo been amended and
Opdvke, Burkle, and “Fodd, 1978 Thever and
thy Pavking andd Mitchell, 19760 and Larson and
witded it twrther back in time o late furassi.
saitle has beett produced Tor approsimately 0w
view, see Irving and Potlaiah, 1009
the study ot marine magneue anomalies, thee
m the magnetic polarity stratigraphy of laver |
Cmaghetic polarite steatigraphy of these punine
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wdiments is calibrated primarily by the biochronolouy o micmlusfil\.
The study of marine sediments has contributed numerows: embellishe
ments to the MPTS, "The history of the development ol marine mignetic

bty stratieriaphy fas been reviewed by warkers such as Opedvke (1970,
Watkits (197, andd Beregren and Van Couvering (1950,

More recentdy there Jas been much interest in the magnetic polarity
siradigrapiy ol tervestrinl mammabbeanng segquences throughout the
worhl, North Americe potentally poseses miny naninubenrme sedis
ments sk bas been o loeieal phice tor this tvpe ot investivation. A\
hiochronologic somation sequence for s et deling North
Amertean Land Mammal < Ages™ fias been presented by Wood and
others 1, Evernder and others ci%6-h Evernden and Evernden
Aarm. MoRem and others (1978% "Pedford and athers (1975, i pressy,
and Lunaelius and athers AU73. These reports exeept Wood and athers,
D incorporate relevant radimnenne data, Theretores the niecessary
peeliminary control for the magnedic polariey sratiraphy ot the North
American sequences is available o a greater or lesser degree depending
ot the case in study,

Johinson, Opdyke, sl Lindsay (19750 presem the macnetic polarity
stratietaphy at the Plo-Pleistocene sequenee from the Sa Pedro Valley
of southeastern Arvizona that represents medial Gilbert to early Brunlies
ame early Blancan o bae hvingtonian aeen Lindsav, Jolinsn, and
Ohpeivhe i others (19T present the magnetic polavite statenaphy
eaneprey an the westerns United Sunes thar tepresent Late cpoch 5o
by Boanhes tane pediad Hemphillion o corly Ranchalaboean geey,
Shabbe and otiters G700 presetn e maenete pobanty siateraphy
e Nnza Bonego state Pak o southern Gadidornn that sepiesents
edial Gilhert o medial Matovinie tme late: Hemplodlian o cnly
Irvinstonian aees.

Tl purpose of this paper s ta present the nuenete polarity
drtiaphy and mmalbian biocchennolooy ot the Mio-Pliocene wedi
sents ol the Ghamite Formtauon aenotvpe ob northeeentral - New
Mesieo, MaeFadden (8975 wud Mactadden and Mandey (1076Y have
heads presented prefiminary summaries and MacFadden i) has e
ited accomplete veport ol this veseinrehn

SMIREVEA FHONS
P tallowing abhreviations are used in the test:
1R L I iagnetic pobin fec e seale
. Lo aftertiing hedd
3 N .
AL L] remanent nuleetiztion

oo nepsteds
Fr s feat G in e sonetsense isee Pedlord, 19710)
L1 undeserthed seasvaphicatly vestricted asemblaee
WINY Depirtment of Vertebrate Paleontology, The American M

seutty ob Natursd History, Noew York
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ontoloes, e Nenerican Musewnr o Nataral Histopy, N o
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GLOLUGLICAL SETTING

The Glanite Pornntion staotvpe o fovated ot the apes o,
mranele tmed by the contloence ur die R Saaiede and Rig Gl
atan alutude ot appros TTI0 o TWI0 me i the Espanula sales
ol nottheenttal  New  aleaico b Lo Uhiese omcrops are apiproy
17 At northwest of Santa Feoaad ol ke southwest of Taos aund e
represetited on the nortlwest halt of the VS, Geol steves .57 San Juan
Fueblo Quadrangle (lat 367 077367 03° N long [ INRIS LRI R T Y
The lower part ot the stratotvpe is contained within “the NW L3 ol seet,
1 and the W oot seets 58 28 NG RS B in Rio Arriba County,
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sttt strdtotypie s Pllocenet of north

sew AMexico (Gadustia and Blick, 1971 p, F
Araton pe s approx w53 ke northenerthwy
Galushute personal comuun,, 1974 this report

e santa Fe Group consists of the T
b the Channa Formation this latter unit
ard Blidks 197D, Many geolugical asprcts
aentse bt called “Santa Feomarls™ by Have
saenis discussed ehewhere dor exiunple, -
sotlev, BB 10060 Baldwin, 14560 Speigal m
s Blcky 197D I the broad senses the Sa
catedeall desionation for a complex ol Huvia
s estrtsive funeous rocks that were depos:
depression ™ cBrvan, 1958, introduced  this
l.h\\nn_:l:l')hh.‘ fenture oestends approximatel
Colo, tosonthern New Mexico and varies in
19t 60 kmotRelley, 19365 Ghapin, 19718 ¢
Kelter, 1976: Gurdell and Kottlowski, 1975), ~.
oot approx northesoud trending series of
peatly contivuous horsterabin basins, The o
ppe is tound inone ot these, the Espanola b

The santa Fe Group s abundantly fossil
devenibed tossdb pmnmmals eollected Trom o
STt Do dhe presenc century, the Fri
stder the directon o Fed Galusha aid Jol
aiids ol specinens trom this area over a .
aml Blick (10971 present a cotnplete listory o
Fe fowl friehd, "This same veport discusses 1l
geanens, and Cahisha (1970 presents a0
Liana s very diverse but has nut been adeqs
teports of Santa Feo ossils have been preser
260, mastodonts (Frickh, 1926h, 1933), horm
and oreodonts (Schuliz and Falkenbacl, 194
Some additional specimens were collected dur
hevoud the scope ot this paper to present i
ot the fauma from the Chamita Formation,
emsidered tor their biochronolotic value,

The Gl Formaton has i maximum
sitotype and thiny to o minitman of tens
telated b e stratervpe, The stratotype s
weal sections carrelated o one another by &
forvoins e MacFadden. s, app 8). Lot
I of aboat 257 however, most ol the
telatively Jow dlip (less than 15°% see pl 1),
that yrendd approsimately northwestsouthea
the stratorype, The base ot the stratotype is e
Mosedions where it lies on the Tesuque B
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fortiiation stratotype is lucated at the apes of 4
'I" \lunllucncc ot the Rio Gramle npd Rio Lh;xlxlm
’\)Lnu\ L0 to 1920 min the Espanula valler
‘-‘\l\.l Mesieo (g, 1 These owtcrops e .npi\n'ux
i S"l;n-,- e angd 62 km southiwest ol l.‘u.u'su‘nuh.ll:;
Ul LS, Geol, Survey (o7 Sl
hwest hatf ot the U5 rvey 7.7 S T
u()lt':tl 467 074860 03* NG lony HJU‘I U.L-\l\i.n.;‘ '; wl;;.
. i i i " ) S .
arotvhe e contiitied withiny Tthe a2 o .
e SRR S .1‘\ ¢ k. in Rio Arilie County,
. . aon
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Formattoit stratotepe (M io-Plivceney of neveeentral New Mexico 778
New Mesico (Galushacand Blicks 1971 0 0L The upper part ot the
wiatotspe i approx 4 to ) ki nordenorthwest ol the lower stratotype
(Galusliy, persomal contnun., U7 this reports,

Uie Santa Fo Group consists ol the Tesugue Fopmation overlain
by the Clhamitr Formation ithis atter unit was proposed by Gadusha
amt Blicks 197D, Many seological aspects ob these well-known sedis
ments, first called “Santa Feounuds™ by Flavden (1869), have been thor
ounidy discussed  ehewlhiere itor exanpde, Divan, 1380 Denny, JU10;
Refles 19520 TU55: Baldwin, P50 Speival sond Baldwing 14630 Galusha
and Blick, 1971 Inthe broad semse, the Santa Fe Group has been a
catedeail desicnation tor o complex ot Jlaviaile, acolian, volcamclastic,
and estrusive dgneons tocks thie were deposited into the “*Rio Grande
depresson’ cbrvinn, TN, dutroduced this teenn, This majur tectone.
pinsiogvaphic feature extends approsingately 300 ki trom Leadville,
Colo, o southern New Mexico and varies in width from approximately
Pyt it ke ghelley, 1936; Chapin, 1971 Callender, Woodward, and
Relley, 1476; Cordell and Rotdowski, 1979), The Rio Grande depression
v apprax nortlesoutl wending series of wt Jeast eight en echelon
nearly contiguous horsteeeabin basins, The Chamita Formation steatas
e s tound inoone ol these, the Espanola bhasin,

Che Santa Fe Graup s abundantiv fosiliferons, In 1871, Cope first
desenibed sl mammals collected bom ahe Espanola bisin (18742,
:‘T;Hn‘». During the present centey, the Frick Laboratories, primarily
et the diection of "Ted Galush ad [ohn G Dok, eolected thou.
Sunh ol spectinens e tivs aeed over prerand ob decades. Galasha
aut Bk (o7t present gocanniere sty ot igvestivatian of the santa
P tonad Gebd T s <ante seport discisses e bivsaatiavaphy ol wome
pectienssand Galinha (19T H presents o prelimimey Lanal list, Phe
L as very diverse hut s not been adeguately sidied. "Faxonomic
feports ol Santa Fe tossils huve been presented tor cunivores (Frick,
P mastodonts «Frick, 19260, 1959), horned ruitants cFrick, 1937),
i oceadonty (Schnlte and Fadkenbads, 1900, 1941, 1917, 1949, 1068,
e dditional speamens were collected during the present study, It is
bevend the scape ot this paper o present a detailed tasonontic revision
“the tana from die Chamita Formaton, The tossil manunals will be
Savadered tor thejye biochronaluuic value.

Lie Chamita Formauon has a maximum thickness of 500 m in the
Yt and thing o a mininium of tens of meters in sections cop
bt e stratotvpe, Pl sttotvpe ds o composite of imumerons
‘ Asenons corvelated to one another by Laterally continnous uarker
U e Mackadden, wss app 1, Locally, dips atain a maxis
MOt ahout 23%0 however, most on the Chamita Formation iy ol
o ddip (loss than 057, see plo D, Highangde normal Jaults
" “"vlt'-uci .-nm)'roximnwl,\' lIUl'lh\\'(‘ﬂl-‘l)ll'llll.‘:lsl ate lound lln'uuqlu')m
o e, ch'h.'n'c ut the stratotvpe s not exposed, and correlation

T wnere ey onthe Tesagque Formation i diffieadt, Phe

“hitpey
thn
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fookisg appronimutely soathieast, The \p.mlvlh ‘..uL.llz"“:'llIthtlllil;‘)“:Jl]‘)pifl:J\‘il‘lt;ntl‘l\“..!H e
. ' Y u . e, Tiese sediments A
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fragnat in thit pat of the seetion. The la 1 ; tiddle Qo

: aaide. Farther o the southead, past the

e Moo plabe of the Rio Grnde. Fa | A5 he Rin G0

:|lu'td pl.n;n. a‘nu e seditents of the Santa be Ganup, in |l.h". Lllr ::::I:Il{t"u’ (;undc

sanere de Cristo Motntains, which foum the casteen botndary o

depression i the Espanola basin,
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Chunnta Formation is overlain by Plio-Pleistoce
Conglomerite, olivine tholeiites of the Servilliy
ments ob croded highelevel lood plain and pedin
at the whannte Fuormation consist ol poorly in
Jiaht brown clavey silts to medivm sands, The
congiomerates. Volaic sediments include a ba
avstaouthiwest ot the stratetvpe) aund ashes thae
volGitichistic tasments, These fragments hive
al 2o amd dmply arelative close souree, that s
Mandeve penonal commun,, [975), "The ashesa
uty aeLadls or secondariiy reworked, In the Chi
npe these ashies are coneentrated in two zones th
reterredd to s the “lower and upper tulfaccous
Blick (197D, Galusha (1974), MacFadden (1975
aed Manley (FO76), "Uhe Huviatile sediments ol
inclinding those ot the Chimitn Formation, we
v alluviad Gans dn o senriarid to humid climate
110: Galusha and Blick, 1971,

PALEOMAGNETIC SAMPLING

A minimum ol three separatelyoriented s
o il ot L35 sites in the Chamita Forman
sty eseny sies samples were separated by les
chosenr o that she masimum stratigraphic sep.
Uk 7o Samples were exclusively collected from
hesand Aracton, Detailed stratigraplic sections
latgescale (L2100 pline table suevey, indicate |
magnene sitese and fossil quarries (see Mackad
were aho colleenwl from Chamita Formation s
stratotvpe, Due to the poorly indurated nature of -
tamples had to be collected with great care, Larg
ples were exteacted and carefully wrapped for shippi

I thee laboratary, the poorly indurated samph
larger than desived size on either a band saw or
s The specimens were then sanded into standar
fese samples Ui were well indurated due to the
arhonate uans were vasily prepared on o dia
s By vivtie of caretnl colleetion and preparatio
of the samiples were tound suitable for paleomagin

MAGNETIC MEASUREMENTS
Paleamagnetic specimens were measured on a
peetl (7 here, fluseate spinner agnetometer
nlcico computer of the type deseribed by Mol
"l‘f}h‘l':nc:ir:ninn wis performed on an apparatus
RUUTT Y MeElhinny (1966), Susceptibility measi
M acommercially available susceptibility bridge,
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anita Furmation stratotvpe, View (rom top af Back Mo
caste The sparsely segetated badlands o the o
wostuntots e, Fhiese seduments dip apptoxiniately o
e that focludes satt luag and Rak Camel Ooanes &
tott, Phie fhat sesetied area it the favanublle distest
- Grabne, Farther o the woutheast, past the Rin Laas
s ot the St Feo Grogps B the e distange o “:‘
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Formation stratotype (Aw-Lliveeney of novthecential New México 779
Chamita Formation is overlain by Plio-Pleistocene deposits of the Puyé
Convlumerate, olivine tholeiites of the Servilleta Formation, and sedis
ments ol eroded highelevel Hood plain and pediment surfaces. Seditments
of the Chatnita Formition comsist ol poorly indurated tan, pink, and
light Drown clavey silts to medivm sivds, There are abo interbedded
conglomerates, Voleanic seditments fuchude o basalt flow Gipprox b km
westsouthwest ot the stratowepey and ashes that ave rich in pumice and
volaapichstic fragments. “These trgments have aomasimum dimmeter
o 2 antad imply arelative close source, that s the Jemes Mountans
(Maniev, personal commun, 1975 The ashes appear to be either pris
mary air-dalls or secondarily yeworked, In the Clamita Formation stratos
tspe these ashes are concentrated in two sones that have been informally
reterred o as the “lower and upper tbaceouy cones™ by Galusla amd
Mick (1971, Gahusha (1979, Macludden (1975, ma and MacFudden
and Mandey (1976 The fluvistide sedintents ot the Santa Fe Giouy,
including those ot the Chamita Formation, were probably deposited
by alluviad tans oo semiavid o lonnid climate (Brvan, 189385 Denny,
10400 Gatushae mnd Blick, 1971,

PALEOMAGNETIC SAMPLING

Nominimum ol threee separatelvorviented  samples were cullected
from eadht of 133 sites in the Chamita Formation stotvpe, Within
vittally evers site, satples were separited by less than 1o Sites were
chasenn so that the masimune sratigraphic separation wis 1o more
Han 7o Simples were esclusively enlleceed rom e davessilt tnongh
eand fracuon, Detnded satiaphic weations, coordinated with a
biroescaie 2o plane mble anvey, indicate lithologe anits, paleos
maghetic sites, and dosail guatiies pee Macladdens msge Soine sites
were aho collected frome Ghamita Formation sediments outside the
stratotvpe, Due to the poorly indurated nature ol most of the sediments,
amples had (o be cotleced widy wrene care, Large oriented haid same
bles were extracted and earelully wrapped lor shipping.

I the Taboratory, the poorly indurated samples were cut to stightly
buger thar desired siee on either 2 band saw or a metaleutting hand
S The specimens were then sanded into standard 2.4 an cubes, The
b aimples 1hat were well indurated due to the presence ol caleium
arhonare matriy were easily prepared on a dismond-bladed civeular
s I virte of eareful colleetion and preparation, approx Y8 percent
“Ethe caimples were tound suitable for pideomaenetic analvsis,

MAGNETIC MEASUREMENTS
aleomaenetic specimens were measured an a high sensitivity, slow
;!}’;‘("f‘l":.‘ hertzr, fluxgate spinner maznetometer ftearated with
'I"nl"l"; "c'n'm.muccr ol the tvpe described by Malvieaus v Azt
\-|il.l.-.~"1l”.milml- was |wr|‘u'r[ncd. onoan ‘:n‘;)p:n':uus simifar to that de
o .“l- " .l.cl-.llmm;v 1utiny, .Sm'cc.;:.nlnml\' imeasurements were tiade
wsiereinlly available susweeptibility bridee,
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1. ) i
stereautHiie projections ot e spetinens shuwing change | et
petaatian at seceenire alternating eld demagnensmons, Fillal circles
povitve inclinastions, and upett ciicles pepresenl negitane inclinations,

il
for it stiatotepe LilioPlineeney of northe

Preliminary demagnetization in suceessic
ot up e Hoe was pevformed onselectedss
e Clinita Formation steatotype, The m
avalhy between 100 1o 150 oe, The majority
by fuxoamd 1332 in figure 2, have weak seco
ae renpnved indow demagnetizing fields, Wht
aurenstapliic projection, these specimens rapi
e the prinsary direction of maenetization, Ba
i was devided that all specimens be demagn
|50 oe, During this routine demagnetizatian,
met, sucheas dvoamd 1382 {n figure 2 from
hchavior different frome the majority of spe
withutr sites wis seen from these specimens alte
ot up to 30 e AL 500 oe, some ol these 5)
primary directions of magnetization and othe
af these sites were Tater considered to be of |
discussion: belowy or were rejected because the

NRM intensities for 101 specimens range
o AU 10 emnsee with o seometric mea
thee o Totensities ol maanetization for the
denaenetzaton in peak alternating fickds of
ME e o to 800 s T et ce with ace
e e o e Bimadad disteibation ot i
at 1 ne ez S0 hottomi does not appear to
retic factors sudh as lithologic ditference
which wis measived for QU specimens, ranges
208 1= emunzee with o geometric et o
ratin of NRAM 'y lor mose of these specinie
provalily stable esee feving, 1964, p, Y2, Bie
prosemed above, i appears that these sedimer
povessanrelatively stable magnetization,

Whenever possible, it is desirable to deten
eral is ahe principal carrier of the remane
duminant maenetic mineral oltentimes provid
aequisition of the remmence, In this contest,
tons were aude for hve hpL’L‘iIllL‘lls frotm repres
theauuhout the seratotvpe, The method of sep
waditied Frmg isodynmnie separataor, is deserib
Jacobs (1070,

_ Thermomaunetic ¢4,27, where /. is saturat
N temperatures curves or each specimen (fig, 4)
(.-nnu Point Lalance determinations made on a
Kent and Lowrie (1974, Curie Paint temperat
from these cunves based on the graphic twethe

Weitht, and Peck (196GY),
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Formatton stratotype tMiosPliocene s on northecentral New Mexico T

Prediminary demagnetization in soceessive peak alternating helds
of wp o 300 oe was pertornied on - selected specinens trom thronghont
the Chaita Formaton seatotvpe. The median destructive Beld s
wantliy Detweeens 100 o T aes Phie magority ol specimens, rcprcscmcd
e 1ox and 1392 in beure 20 have weak secomdary magnetizations tht
are removed in low demaunetizing feldss When viewed from equabangle
sereovriphic projection, these specimens vapidly atain what appears to
he the prinvey divection of maencuzacion, Based on preliminaey results,
it way decided that all speciens be demagneneed in dwebds ot at est
150 we Daring this vounine demanneteation, it win found that speci
metts, stch s Sy oand D332 in heure 20 bome o few sites, demuonstrated
bebvior ditterent frony the tiority of spevinrens, Litthe comvistenay
within sites wits seen rotn these speatimens alter detignietization i fields
of up o A0 oe. At 300 oe, sonte b these specinens appear (o attain
prmiary divections ot maenctivation and others appear anstable, Many
uf these sites were fater compdered ta e ol dndeterminate polarice {see
discussion below) or wete reqecied bevase they e staristically random,

NRM intensities tor 107 specanens vowe from LGG ¢ T0=% emusce
W 300 e JU=4 e e with o geometre iy ol D60 50 T =2 e see
e e Teensivies af magnetiaion oy the sae 101 speciiens alter
demacietization in peak altermatng fields ot 130 o mnee from 821
Ty e to D0 3 0= vy o0 sl o weamerr mem of L
M= emun ey The bimodad denhoation o oeesseaes of maeneteation
TN e e L hiottonty dioes oo abpein o be vebated 1o pn\\ihh' s
i bcors sichoas Jitholees adiereoess Tl soscepuihnling gy,
She s nesntied Bor S0 speciens, vareres brotn 0028 0 T e e
PGS T e cc with aseomerne wean ol UL o 0= emugee, T he
B ol NRM y o st at these speonnens fmplies tat they e
profubly stable Gee iving, 61 U2 ased on e measurements
presemted above, it appears it these sedintents, witli o lew exceptions,
fovsess arelatively stable magnetzation,

Whenever possible, it is destrable o determiine which magnetic min

cal is the principal crvier ob the remanence, Identilication ol the
eminamt magnetic minerl obentines provides o clue o the mode ol
nstian of the vemanence. I this contest, magnetic mineral separae
b wvere made for five specimens trom representative lithologies spaced
troushout the stratotvpe. The sethod ol separation, which employs
tmodibied Frang jsodynamic separator, is deseribed by Lovlie, Lowrie, and
l.nu-i.\,][)',‘g-,_ ) '
_ Fhertmomagnetic (L7 where J, i saation maenetizion and T
;‘ MHIneratre) cueves tor ekt siecien die, B were nest abtained from
e Point balance deternnmatons made on an apparatus deseribed by
Ko gy Lowrie (197D, Gutie 'oim temperatures ) were interpreted
""""‘ thew curves hiased on the staphie method deseribed by Gronsme,
Wriekt i Pock (1), ‘
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curve eslubits treater £, tha conding curve iz 4o 2 Cooling .U’.l y
eahibity wreater [, thatt hesting cupve e, i.'|mllnlll:.. this l'”m. L\.lll_' [Lu
cutve i bese commot, and similie behinior s thlscnw:d h‘u bitsa
Giromnine, AWeiehit, and Pecke 108y and s e sedeanic ashies z.}xum. u‘u.;
Phis behavior resudts Trom the tact thar the speonnens were _nv;uud .I'“u
aoded i e, s opposed teasavuun The areater acquired d.u.m“
ceoling iy probably diwsed by U\Ni.llill(.l nen mmuhlg 'lux'mlnl “;'mk
ssenetite G Reilly and Baneree, 19670 Guamine, Wrieht, and Pre.
gt
L“J.)\'mcc\’ aned Baneriee (1974 Ghalate Catie Point temperatures o Elff
fanomagnetite solidsolution series (Fe RO stenn, i this s?",‘:"f'
Gurie Point temperitures e diseatdy pm.pnmunul t l-u'(_umcxlu J'I‘U“
attitin i nEsimun ot approximately A80°0 tor n.h%- f)n;.myn‘cmu en |“u‘ 4
Ber, I the present study, #. ritiges ot 5007 1o HR07C, Therefore, ba
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® Notmal §
O Reversed

<+ Oipole Fi

Poeo i Boveratis test tor conustency, Means of
At e reent ancles o contidence by cach, Nate di
Pedel esev ot GRSt e fenge

et tiermomasnetic analvsis, the principle m;
wonaich Htmmnagnetite, which, ina sedimen
adivates that the primary remanence was aeqt
magnetization (DRI during the process of sed
The divectivnal data atter maxinun a,
specimens and sites were statistieally analyzed
by Fisher (1935), A sites were rejected in why
were tandowm at the U3 pereent probability leve
the 135 sites collected from the Ghamita Form
teally sivnificam, These sites are interpreted
polanty, 35 ol veversed pokarity, 2 ol intermedia
terminite polarity (e discussion ol these latier
ans tor all these sites me plotted on equal-angl
infigure 5 The nomml sites have declitttions l
muming an axial yeocenuic dipole for at fe
vened sies have declinations fess than e eNp
HOR tor this ubservaition iy not clear, but it cot
Hne snallscale tectonic rotation,

_ The normal sites have a mean direction
cllm:u{on A2 (= 21T, w = 309, and the
f’.‘“’f“”H abdeslination 166.57, inclination =4
e mean ot all normal and reversed (inverted)
Hon 345,87, inclination B8 (L = (T, gy ™ g
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seomaphic projeciions of meamy foall 1 vneacall
ot represent posithve inclinations, atd open v pope

e principal magnetic minerad as evidenced in the
o be clssiied into two growpse 3 Heeting
L thatt cooling curve ifig. 4, top), & Cooliteg cune
heating curve (e, -+ bottom), “This latter tpe ol
Cand similar behavior s discussed for hasalts
feck, 196U and marine voleanic ashes (hent, .k
vounn the lact that the specitnens wae heaed u.ml
ed o vaenw, e ereater [ acquired during
wed by osidation ot an uistable torme ol tune
1\ l\;n'wriuu. [DG7: Gromte, Wreieht, and Peck

ST tihudate Gurie Poinwemperitures the
olution series (FeTTHO sistemn T this ase
s are disectly proportional to Feocontent and
npplu.\imutuly 309U tor the tagnetite enag pene
b, taliaes ont 5397 to 2807C Fherelure, baved

W E
® totmal Sites

o Reversnd Sites, Inveried

4+ Dipole Fleld

i o Resensale test B cemaaeneon s Meain o bl o] el seversed sites
with W porcent cndes ob conhdence o cacne Sote dpversemeoe baan calubaed dapole
Behl s e aecisson i e,

arthermomaenene snadvaise e ponanie maenetogenne panerad i oan
Aot Ubnomasnente, choah, i aossdnmentay osononient, sl
viheates that the pramary remanence was acgponed e dettad remanesi
maghetization (DRMY divine the process o sedientation,

The divectomal data atter masimuny . Lodensenctization ol all
hreeamens and sites were statnstivaily analseed using the method deseribed
by Fistrer 19350 A sites were regected e winieh the significanee jints
were ratdom we the 95 percent probabilite level, Onedundred eleven of
the 135 sites cotlected trom e Channta Formation SO Pe e statise
teallv siuniteant, These sites are isterpreted s lollows: 71 of normal
kit 55 of peversed podavine ol inrermediate polarite, and 3ol inde
rminate pularity (see discussion ot these Latter sites below), Mean diree
s bon alt chese sites e plotted on equal-anale stereasraphic projection
e The normal sites live deckantons Tew than the expected 3607,
e e axial geocentric dipole tor ae bt the Genozoies The re.
el sites have deelinations Tow duam the especed 1307, The esplana.
fmlor this observation is not cear, b i conld possihlv he a result of
Hnesnatlaeale teetonie rotation. '

C e onmal sites Lave somean diveaion o dedination $45.40°, in.
:I.il.l.'-:,‘:m” As? th = ULT = 507 the veversed sites have amean
Lo ot declination 166,897, fachination {077 ¢4 w0 J6.3,0 ga, 27 G107,
.‘“l"'!.' ’;1| ol .'Ill‘nnrlm:ll ;nul. reversed anserted site \lncrtiuns_ i fluclin:!-

s sclination 4SS ke P70 s LY, as shown i figure o,
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et is no ditlerenice between the normal and tevetsed sttey oty evideneed
by the overlap of the aa drcies ol comelonce, Thiy “reversals west” My
Eihinny, 1973) provides arong evidunce i suppuort ol the fnputhesis thay
Ve ditections obtained trom paleomaznetic anaivis vedlect primey g,
netisations acquired duing tevetsis onthe Bardes magnete fiekd, tndina.
Gotiy Tor tieese normal and reversed ey e coatsticalis atitlerent trom
eat ot the dipole fiedd (33,57 cadenlatea o tis Jatioade {7 2 tan g,
whiere ¢ = predicted indinspon, .= Fnown Ludnade The rewson for
iy divereence §s unclear, [0 iy possbly conelated with the observed
il otfset of the site menn divectans di Seamd does noc iply
Labsification of the anial ceocentiie dipofe bivpodiesis tor which suony
wippart has been presented elewhere oee Methinny, 19735 tor 2 dis
cussjant of this problesmy.

AMAGNETIC POLARITY ZONATION

Twelve magnetic polarity sones, siven designations CNLRGT e
recogniead in the Chamita Fortiation stratotype e, Ti The suatotype
B compuosite ob nunerous local secuons correlated 1o one another in the
YNCERIR and, litholagicalls, it consists ob fise intornd v luwer
Lrowtn lower toffaceons one, middle frown, apper tallaceons sone, and
npper brown (Galusha and Blick, 12710 Galisha, petsoritl conmmun,
P71 this report, M swatigraphic measurements e approxitate o
eithin a deeubaes ob = 0 nn which nodue (o averaze thickneses tiben
ot different focal sections. A podaes boudanes are mterpaeted
i tidway between superposed sies ob oppusite: pobitities,

Zutie N1, represented by 28 sites extends om the base of the state
tpe o IO I between cones N1 and B i st that is interpreted
o be ot intertnedinte polavity weclination 306 inclination —429%
Zune R1, represented by & aates, extends from T o LEd . Zone N2
represented by site, extends i maxunom ol o o 11D o 1ode
Zune RY, represented by 2sites, extends aomasimum of 10 m from §53 0
165 . Zone N3, represented by U7 sites, etends trom 162 0 L) m
Zone RS, represented by 1 ite traced Taterally o few hundred weten,
exterds o nximamn ol 20 m trom 283 to 308 m,

Zone L1 extends trom 50U o 320 n o this cone, o totad ob 3 site
were originally swmpled of which ondy 3 are statistically sianibeant and
3 oare statntically ratdoin, Within tee ssndom ates, there o little wa
sistentey unung specimens atter denagnetiation in peak aliernating fields .
at ap to 500 oe, dolne sites have tvospecimens ol one potarey and ont
speaitnett ol the upposite polaritv. Numetous specitens shuw directiont .
withy declinations near U2 but with negative indimations, The three sighii
cint sites are chatacterieed by a wude scatter ot decdlinations and incline
tions ot normal wagnetiaion oee wig T Fhe sites from one (1o
believed to be shrouded by refatively stable secondary “overprint” dn
nortal nagnetication that probably pepresents sicous temanent mag
netieation. 1t is conduded that the primary magnetization is not u\fh:
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awveen the noral and reversed sites as evidenced
cireles of confidence, ‘T'his "reversals test™ (e
strotie evidence fnsupport of the hyputhesis tha
from pateomagnetic atalysis rellect primiats mag,
e reversids of the Earth's taenetic feld, Incling.
died revensed sites are statistically ditlerent fram
%957 calealated for this latitude etan £ = Jtany,
Cination. 4 70 known Lititudes, CThe revon for
a1t is possibly correiited with the observed
Late tnean directions v, 35 and does ot impiy g
I geocentric dipole hvpothesis for whicle strong
nted ehewhere pree McBhinny, 1978, for o dis.

AGHETIC POLARTTY ZONATIUN
nolarity rones, given desiunations "N 1RO, are
aita Furmation stratotvpe the. T The stratotvpe
s Jocal sectivns cotrelited o une anuther in the
erically, U cotsists ot live informal units: lowe
«eone, middie rown, apper tdkaceons one., and
cand Blick, 1971 Galushia, persotal commu,
aratigrapitic measurements ate sapproximt: w
< 5 which is due o averaee thichnesses tien
ot MU polanits houndaries e aterpreeel s
aiperposed sites o apposite polatities,
el by 22 sitess estetnds brom the base ol tie stiaty
et eones N1 amd RE s aosite that by interpreted
polarity wheelination 35867, inclination -
by ¥ aites, extends from O to 15 e Zone A
atenrds a maximum ol 10 m from H o
iy 2 sites, extends aomaximum ot [0 from 13w
ssented by sites, extends from 163 to 235 m.
w1 site traced laterally for o tew hundved et
20 from 285 to S,
oty SU0 to 320 m o this zone, o total ol s i
ol which only 3 e statistically signihcant and
o Within the random sites, there is licde o
‘s atter detmagnetiation it peak alterniing fields
sites have two specimens ol one poliity aud one
dte polarite. Nutnerous specimens show dipection
02 e with negative inclinations. “Phe three signi
preed by s wade scatter ob declindions and frcdine
wtieation 1see he 7). Uhe sites from zone il ¢
Wi by arelatively stable secondary “overprnst of
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bk gt Mot vafgiite stnatiznannss ot the Ul

R S
Aot R, pepresented by 6 sites, extends from 70 mon the b ot the
sratots b,

Vaetiene polarity suatieraphy comsists ot twamterreiated . phase
faat e tomed Cnmanetic polatity sopation” amd maanetic pokaity
rronuiees i this paper giho see Oriel and otiers, 19700 Watkins, 1075,
Ottee o mmnene oty fopation s been eablished for o iven <
quenee, tis nest desitable o cnrelate dhis fonation o e MPES Tl
corvelation Ras wsuaddy bren acideved s one or wmeee of cheomethody
monttoned above, B the presetrt stiele, radiometric aue deternimittiong
and wsnnadian Biodgoneiosy peovde the prmapal inpue ob data
detenmie the maenetic pobany dnonology of the Chinnig Formaon
CHrauts e,

SEAMAMALLAN BIOCHRONOLOGY

Fosstl manmsths are abundant in e Chamite Formation sthaton pe,
These are preserved oy weathersd serips o bone frequentdy foung
theoteliout the secnon and emains accasiottally tound moare, Phe ma.
ity of wellpreserved fossil mamitisds cotte beom e horizen of wress
bty clas b which the sane fun and Rak Camed Quareies ccollectiveds
reterred v below as  Sau JuandBak Caned Onartes hotizon™ are pound,
sane o Ounrs iy focaed one tise st side ol an eastwest rrending
Vide crest approsieedy 280 soue of Arosoade Jos Boreegos i
2o st of Nuete Afesien ponre 200l Snt ot N o taas DTS
Ceeol, Surrey s fuan Fuebio T8 27 Oaadeangie Phe Rak Caied Ooaeng
are ponend ey bnndrad merers ponhund ot est or san hian Chaees
v e porthe side ol e s dee crest send sontte gl Antovo de o
Borrewos Ulie Rab Caned Quatries vonsist ot netons focatities within
the satie Borieon s san Juan Quatev, D quaneies e 5 o above the
Base ot the upper witdacenus zone, Phiey wie wisa Do aboye the top ol
Hughetic polirny eone (.

At st 1 tasa of Towil manunaly are found i the statotvpe table
s tnentioned abuve, muost ot this taani cotes o one borizon, The

cemainder comes from sattered oconrences eiwewhere in the section .

Fosif oceurrence data are indicated with vavied limits in fianre 8 fased
onn avaiiable frehb recondss T the present discassion, only asa with ade
quate stratiuraphic data are constdered, Some specitnens can be e
precisels o nen suatigapine hotean, TThewe spedimens e indicatsd
st artemws bt to the respective honzon by, s Other spedime
catt oty be ot erthun some stangeaphic interval oy indicated by
Draekets e, S50 1e s important o nete that the brackets sioukd not i«
staehett for terzones wobserved locl sttatneraphie tanmees of taza,
Basteablv, three methods are wsed o deternnne o bivchronology of 4
assetblage of tosil wanads or o disension, see Cedtord, 19700 ¢
first appeatinee ot taxi, termed datum planes™ Gee Beregeen and Van
Couvering, 1074 Johnsot, Oodshe, and Lindsav, 1075 Lindsas, Johssoth
atd Ondykhed 19750 Opdyke and others, i pressy 12) Jast appeatanee W
i abo terged “dattun plies,"and () copanrent range ones, alw

Fovnitting Gzt (Mosdlocene s of nerth
RV

Matnadind G from the L.‘h:nni'l:n

Class MAMMALLY

voer FDENTATA
Vatgiy Meaatonvehidae
Ploomeranestes v b

vindor D AGOIMGRPEH Ofede
Lasnds Tepotdae P
SRR el .
Condet RUDENT LA W
e
vy Mvlagidudae i
Sl ety sy, ,
atals Castonplae |
Chtrond et willoem
{ 0
Rivdentnd andeterannte )"‘kl

heder ¢ YRNIVORA
iy 4 anslae
(I INHIINT)
felirndont of, fravdent {
Favds Provvanndae
vty

“Aheher catesities (oflow dlassitication of Simpaon

tented “Onpelian Zones,” Por the purposes
weevoab the vt fromy the Clunnitg Form
e wHE e used eselasiselv, The first (we
Beottie T ol e nmadgon content i oh
PLEA HCCS DT SEIIUIES voneerninye ditim
lethe crnerd vversiew, that s, with rus)
Lt o the Chamity Fornaion sLEatoty
nuy ot the definitive Ganal elements liste
' s hanal elements listed
poddn
"lfymphilli;m Aue — new provineiy
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fi sites, extends frot 470 m o the op ol the

atigraphy consists of two intervelated  phase
vie polarity conation™ and “wagtetic polatiy
ralse see Oried amd others, 1976 Watkins, 1976,
sotition has been established for o civen e
ot eorrelate this 2onatien to the MIPTS, This
~en achieved by one or more ot the wetheds
present studvy, radicmetric aee determinations
nalogy provide the principal input ot data e
aalutity chironology of the Glamita Formation

MAMALIAS BIDCHRONOLOGY
abutdand in the Chamita Formation sty
weathered scraps ol bone frequentdy fownd
ned remains veeasionulls foutnd i sitie, The me
asefl tanunials cotte from o horizan of wren
i Juan and Rak Ganel Quarries (collectively
Juan-Rak Camel Quatries horvizon™ ave tound.
tedd on the south side of an eastavest tending
U southt of Anovn de los Borresos and
Jototrte 2 dat 360 60 N tong 1067 e U,
Do 72 Owadiangtern The Rak Camed i
weters gorth atid porthivest ol Sate Joen Viarn
sitie rdee crest and soudy ob Mrove e o
1 Cuntrivs cotnsist of iatnetaus Jocalitios sadnn
Ju‘;m Quarry, AL guarries are 3 moabove tie
O 20N, They are also | above the wp d

ossil toanitals are found in the stratatype able
most of this fauna comes from vne horigon. The
wittered oceutretices elsewhere in the setion.
»indicated with varied linits in liguee s hased
« I the present discussion, onldy asa with ade
are considered, Sume specimens can he Jocated
igraphic horizon, These speciinens are iudz}utul
the respective horleon (lig, ¥). Other specimen
fin some steatieraphic interval as indicaed b
purtit to note that the brackets shiould nat be
Deerved local stratigraphic ringes ol s

wds are ised (o determine i biochronojouy o i
aninds (or a diseussivn, see Vedlord, 108 ‘\."
teried “datun planes™ (see Beregren and Van
i, Opdvke, amd Lindsay, 1975 Lindsay, Jolpsot
vke and others, in pressi (2) Last appearinee &
m phnes,ind (3) coneurrent range zones. A

Furmattor shratatype cMoPlneere s ot aoethaential New Mesiea

Pai
Mammalian Liana trom the Chamita Forniuon saatotype

- et

Clave MAMMALLN

UVatty Muostehdae
DPrevagti ap,
Pliotaxiteq carben

Onder PROBOSCING Y

Fooseds Conmintnanies nndage

Lunetetne gomprhatiseyind
Hoder PURISSOD VL YT A

Fasseby BEagupdse
Atk anare
Disrnaneones nter olatiny

Chpadet VICTTOINANC VTN

Farby Camehddae
Veguts b st ineeg
Hhmbstuenen g e
Tiempatopbirang e

Py Antiocipfae
thiwnttoeriay g
Jhnpneriss wieyinlnge
FOcoron s

tder EDENTATA
Pamily Megstonvehidae
Plrametantiter gaiuylun
Onder LAGOMORDPELY
Famds fepotedae
by etan
thder RODEN 1A
Lannedy Maulaestobae
My faations s,
Pty Cavondae
SDrpatites T totlusong
Rosfented, tdetenmniage
Onfer CARNIVORA
Cady Canndae
T U ET)
Lebroags of, furdemn
Fanpdy roevanudiae
Husinrisens s

s Hheher cateeoties wollow st aton o St {15,

ettmed "Oppeliann Zoues.” For tie purposes ot establishineg 1 biochronaols
o ol the g feom e Chiamita Formation stuatanspe, the Jatter
swethod will be tsed exclosivefe The oy two aedhods ane pot anplicahle
Becitse e fosagd B nnation conenst iy tis bt s ot siheieny o
Shahe teforant statements coroernene o planges,

Dl senterad on s s, that e e pespat (o el p vatenorivs, the
bt o the Clannt Formacon saatotspe isol Plenillian ase with
wanv e he debive Lol elements disted by Waood and others TRARN
Pl

“Hemphillian age —new provineial time e, based on the

Hemphill wember o the Owallada iGionpl whivk inefudes both the

Hemphith loead tona frong the Coitee Ranel Quanes amd the Hiogins

focal favna, Hemphill Coumy, Pantiondie of Tesas, '

Principal correlativest Fdvou, Feld Randd, \Weae, Plousand Creek,

Rattlesnake,

ndex towils: dgriotheriom, Diporduvs, Horgueeres, Plestognlo,

ity appearance: srowd sloths, Loy, Maclorodus, Toxiden,

L apprearance: A phelops, Bleviomersys, Mylaganfus, Ostenborus,

Pluswcienia, Pliohippis. Pyosthenop, ihinoeroes., Sprliennphato

‘["'II‘UI'I'I(H.

Clreteritiv tomils: Lhcpedazin, Mezatylopn, Nawmppis, Neolnp-

fmtngy
!h.m.\"unn"mm Lana l:\tgd m e SWowmd (,ullll‘nl'llu(."x \ﬁt_-hui(ifm uf the
. ..ll :ullmn are present in .lllL' Lo from the Cliamita Formation strato.

Pt e ahsenee o certain tisa can be attributed o few factors: (1
RN

T Wonsd Cammttier ity s appeaanee sl hast appedianee tor certan
tehalty g farnad elements, [ the Present g, annie ot tiese soane s, wineh

e .
. e he Clamite Lormation s oty e, e ddiseised witl tespect L therr

siiefy
O ey el pne pinsess atie et then datn phines,
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Fig. 8. Mammaliun biestzatieraphy of the Chamia Cormation aratetspe. &e
ficure 7 for litholugic svinbols,

This Luna represents a portion o time that is Biter than the Tast ocuur
retce of suttie Flemphillian taxa, tor example sone horses, (2} Sone
fatnal eletents, pacticilarly carnivores, when present in other Hempiil
Tatr assetblages, constitute a very small peteentige of the individuals
present tin contrast to ungulatesy The absence of certan mannmals in e
stratotspe s probably a result ol sampling bias and not @ biological phe
nomenon (ot a disctssion ol ssunpling it mammalian assemblages, see
Wallf, 1975). (3) Certann Hemphillian Launal elements had biogeographic
ranges outside the statotype and hence are nov represented, (4) There

las been o collecting bias against smallbodied Torms, Tor example, i

sectivorese rodents, and fagomorphs, These tactors shonld be tempered

I

Peamaltott sttty e 1 MioPliovens s of noith

with the redization that the fauna from -y
punintan ob T EIGU presentt, §s not an actua
paleoronininity, (Cis actually o taxonomical
Beateriited o an inadeguate sample, i

Vpprosinrately b oneva frome Sr4oto o)
Hewphithian dme CTedlord amd others, in")
e st anside the radiomerrie data and disciss
she batint trom the Cliumita Formation stisn
dready hnows based on i comparison of high
ool Hemphillinn aee, We also know that
pros b Given the frequency of peoma
Lue Lenooe, which is on the order of'onu';:
to correlie the maenetic puolarity conation of
witre s mammalian ang ot this power of y
to examine more subtle aspeets of this fauna,
pyeompine tasa with other Hemphillian asse
The following discitssion presents i analvsis o
of the individual tixa of the fauna (rom the
tvpe.

APlieenmastes calushai—A single lowe
stothe FrAMOTESTL s deseribed By Hirsehifo
aithory Bty occunienee from (1968, p, 281
Priseen Rovnd Mownain and San Juan
o, 197D doces this speciten in e
nbthe stratonype, The genus Pliometanastes fs
tes thatare all probably of early Hemphillian
1S Tedtord and others, in press), For reasc
st s calushnr is most properly placed i
this sloth i the G from the stratotype re
teilchron.s “Ihe concurrent range zonation
ligure 4,

Hypolagus swtin,—Numerous specimens
from the Hower brown unit (posteranials), i
San Twan-Rak Camel Onarries horicon, 1 hese
cementehlled anteroesterna! fold and crenulan
t{inqnmtiv tad he wents, 7L eetns Trom the
lished measurements tor materialb from the [
Hemplullian of Nevada, "This species alsu
”"L‘!_H\ varvetne brome hue Chirendonian to 18]
ains u, Creeonr tHesse, 10 Dawson, 108
frressy,

!

n .l 0 paienlady wracetul to De Richard B, 1
,‘M“':"""l“li" 'lnpuhl'nlwul wanbscript cited above, I'hiy
mmalian echronology that bay beet .
NNt vy fr, ¢ ven aindispens

I e . )
ol _' ‘(',‘l pectes HL gafnshad fs of [htle blachronol
e Chamita Formation stiatotype, In the presemt
Aatstes s e for biochionologic analysls,

Mione
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AN Juan Ind RAE Camet Quitties:

Hoporauus 1etus, PMlagatel 18 D poniel el
Moddalid, indé.. Cumt ddeitn, Hastdngcus 1o.
Plosioguio o Flisldinted Yiiveh, ALITonpoul d71)e
Somoaut sietpgidive, MegahicoNs maithews
Herhducnenid (8. DIBO/ROCEID] 010vins, Thngogeiyl
_H»unuuo. ¢t Bligcwios (e,

v ENOMGLINd 1101 AN, Hipuidgus 1etvy

SHipotequs eetdy. dewtg € hardens Yiesqettned
1emptmiterid, ol Mogdtriopul matihen:

ratigraphy of the Chamita Yormation  strawotvpe, e

wortioh ot time that is Tater than the Tast ocour
lian taxa, tor example some horses, (L) Some
rly carttivores, when present in other Hemphil:
ute a very small percentaze of the individuals
ulatesh "Uhe absence ol certain mamupals in the
ettt of sampling bize and not a biological phe:
e ot sampling in manumalian asemblages, ¢
Hetnphillinn taunal elements had bi(mcnuriu‘gmlt‘
wype e lience are tot represented. (D) There
s against snadlbndied fortms, for example, w
Lagomorphs, Tlhese factors should be tempered

Formatton steatotype (Mio-Pliocener of northeentral New Mexico 787

with the realization that the Tauna from e strtatepe, with ooly o
minimun ol 19 axa present, is not an actual sinple of the manmalian
I,;.icuwmmnmiw. It is actually a taxonomicitly siadl assemblage that can
L attributed o an inadequiite sample.

Approstmately Fomae from 814 w0 by ey are represented by
Hemphitlian time CFedford amnd others, in presacs For the moment, et
us set side the radiometrie data and discuss the power ol resolution of
the v teom the Chamita Formadon stotvpe inbis own right, We
dhready hnow, bined o comparison ol isher catesories, that this Gona
iv of Hemphillian awe, We ala know that the Hemphitlian spans ap.
nrox 4 oany. Given the trequencey of aeomagnetic reversals during the
Late Genevoie, whicl s on the arder ot one per 108 vrs, e is not possible
to worrelinte the magnetic polarity omation of the stratotvpe to the MPTS
it feemammalian Fuane at this power of resolution, AWe actually need
o examine more sitbtle aspeets of this Launa, dae iss whenever possible,
weompare taxa with ather Hemphitiiaon asseanlduges on the species level,
The following discussion presents an analysis of the biochronnlogic utility
of the fndividual tasa of the Giana trom the Chamit Formation steatos
e,

PEometanestes golushat =\ single lower jaw of this meaatonvehid
sotdy, AN 77811 s deseribed by Flivsehfeld and AVebh ¢1968), The
suthors st By oecurrence from (UG8, po 28 Chorizon seeatigraphieally
between Round Mountin and San Juan Ouwares” Gualusha opersonal
ettt T E Tocates this specimen g the middle Brown unic north
sothesnatotpes Phe venus Pliooenenstes is tound at uany ather localis
sevtbatare all probably of ciele Hemphithan aee s Heeiteld aed Webly,
SIS Podiond and others, i presst, For teasans wiven below, and asstinne
etk 2P efnshad is most properis placed in tiis genus, the presence of
this sloth in the fauna from the stratotype represents an estension ol ts
teddehron.s The concurrent ranee sonation for this fauna iy eiven in
faure v,

Hypolugus vetus—Nwmnerous specimens of this rabbit are known
from the Hower brown unit (rosteraniabsh, middle brown unit, and the
S JuanRak Camel Quatries horizon, These specimens exshibit the deep,
fementfiliod anteroesternal fold and crenubited hvpostrioe on Py that are
tiaostic for the genus, M. eetus trom the saatotepe agiee with pube
Bshed ineasurements for matevial from the Thowsand Creek Fauna, cirly
Homphillian ot Nevada, This species o questionably occurs i sedi
ME g from ke Clatendonian wo Blancan age from the Great
Phitg 10 Gregon (Hesse, 1955 Dawson, 1938 Tedford and others, in

EIRNNY

.“H”{”nn tantiesdagis aratetul o Dy Richd HLVetond o allowing aceess o the
:“““m”\ uHpblehed aanusarpt cied aboves P repot provades s swaitheas ol
PR I:::fll:_‘l'l'"‘llllllt'll'u}' that has Leen indupensible during the course ol the
evkes SR eadusdon ie at ditthe biochronelogic viliee, anee 1t is pestricted
b Lormtation stratotypes D othe prosent dncnssaon, the polyspic genus
Hevioed for bicohitonolagie iy,

Y

Py,
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1oy Aesietimile Miltiga 3elib Ane

from the Chatta Botsiatien

Fo 9 Conoment tateie sonatiy ot dhe L
Vetepshud fiees irply e

cpeteaspe, Doshed Bines andicnte questionsnle tanee
Sty e dlnoision iy et

sy pieit fower aw ob i podenst ANMNTE TS,
Copont one op the Rads Catoel Uliienes, Phe tasonoms o m\i.w:‘mliai\» ,
oot bty e tne development o ke e i sShotwell, 1709 [i s
oecmen, the 16 rsstiie uttortnnaedy, and oooaelivhile LENunoic
Cewssanent can beopdes M lazantids are ebatively vee an [emphillian
etibibees, bt ey have been renorted bam varions Jocuhitivs: tor
ond, ey Hemsiudlian of Oregon oShotwedl, 1038
oot Nebiasha (Hesses 1935 MceRay

Ve

example, Rome |
Fehdt Ranch Lo, vahy Hlemphiliian Mt
Roservuir LoFo Late Hemphiflian o Oreon Shousell, 10385 and Opo
Lo fate Hemphillian ot Oklahoma desse, 10350 Phe iy dagaudid drom
the Chamita Formation stratotype is questiomably veterred to Mylaganius,
beeaose all atlier Henplillian dagaulids e placed s

fanute de meenx, t
renbar teasennes and littde can be sad

thiy venrts, Uiy iy adnntiediy
shout the biochionolozy ot this o, '

N pogdes T ntaee =S etal spevaiets ol this beaser e hnonh
ot tiie san JuanRak Gomel Onanes Toteon, Phesederee an deal
L LILes il ster st the descripton given i Stirton (i atud shet
el 10y o tae White Cone B Late Hempidlian ol Arico (dtout
Ehie White Cone LEF b bradheted by aaw

DerauthE Lot U7, )
: a7 amd

s dhtte ot s s, scarbotowey, Damon and Shahgublade, |© .
nunimtn date ol Loy, thvernden sand others, 19640, e magies
polarity eotation ot the B ! wl . b
i touids is predommmanty of notad polaritv. his cotation protad?s
correkites, at least e part, with epocie 5 of the MIYES 1O pds ke, prerond

cot,, 197,

sidabiochi Forttitien, i which this locad tawd

P

L
et stratore e MeadPliocene s o nnrrh}-c
Joaddciio, s te e — 1ielous li’n
douts witeh probably pepmesent more than o
e s fuaneRak Ganed Quarries horicon,  »
o cinedst—="There ave several dentition
Bt R Camel Wtiaeries horieon, There :}x}
anrcast 1 iz ob s species corvelated with
anns trony dthe Clumng Formation slr;nolvpu’ HY!
oare witie other samples from Jteditest Hey
Svamnplde, the undeseribed Wikieup Lt from
coennnib, P, :
dolmindon of avidfeng.—\ p:mi:nl lower ]::
oM LTASUA Oy Known from near the bas
proibly o the dower brown unit, The che
the base ol the crown, and Little of sienificance .
dental morpholouy, Flowever, the size of this Y
anie of the lavgest amd most robust in the AN
qerts Aefurodont, as presentdy recognized, shios
aaers that s, Hemphillian, torms, Leidy (185>
thes wetiis by the spevies L ubeenis /:'binwn
Laee spae, FOAM 275540 apprarently ru‘m'c.suz;h
e s bt rom some Laire: Hemphillia
Phewis Loboer Vesas o besse, TO40Y, bug it iy i
s Herploblian focatities Cledtord ad oth.
S sp—"Two Jower fiws ot tliis
G trone e Ghama Formation sritotyy
sty ob teette ity hroken ol from beloty
e Rak Camel Ouarvies, FrANM 49210, which
preserved, dotrom San Jaan Quarey, The mol.
are tekutivels tobust and apparently represent
semns Hevarens s hnown train the Hemingfo
the speahic biochonology has not beey adey
faers wre relacively sugall, sod there s o getiers
e Pl v liom e .slmlnl'xpcl is s
S.J‘l-u.z Hemptillion samples, tor example, the |
Wikieug e ol Voo,
. Plevio v o drasmsentary paiate of (hi
¥ /':l:,'..“.,':,,:lj”“ (!.uf an Ill.‘l‘ll-N.lL (:.;nnul Luar
il teptesetits dispersal into Nurtly
lli'l:.ll::y!]:mI]h.-”'l;l.“:'(“m" and mhc.r.s. i press), I
f'-’v‘un-v‘g,,',:‘ ;-:A'L\ it wectirenice i tlnf Chamit
" abwo towmd in the lollowing late )

l':"(l(.".\/ulh-v Fauna ot Flovida, Edsan L, F of K
Whaboma, Cottee Raneh 1. F.ool Texas, O

thenng, ;) \\;J.“.“l, L1 ob Arieona,
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Ve Apsrenimile Miliga 14410 Age 21z
N

v otottdon of the fattia (e the Chamity D osmaton
ficate questioniable ranee. Astetished Hnes anray range
Xt

- rleht lower jasw ot this rodent, AMNTE 1o,
el Quarries, The taxonomy ot mslagauide is
sedopment ot fakes in P (Shotwetl, 1955, [ this
dne untortunatelvs atd o reliable tisonomie
O Melagaulids ave relatively v in Hemphillia

aave been reported from vavious localitivs for
catly Hemphillian ol Qrvegon (shotwell, 19235
Itemphillinn ot Nebraska (Hesse, 19351 Mchay
iphillian ot Oregon Shotwell 1938); and Optima
it Oklahoma (Hesse, 1036), The mylagaulid trom
steatotype is yuestionably reterred o My fagauis,
all other Hemphillian mylagaulids are placed in

dntedly cireular reasoning, and litle can be wid
of this tasor,

sheSeveral specitnens ot this beaver are knowt
Ginnel Quarries hurizot, These awree in dental
the description given by Stivton (1) sind shov
ite Gune L1, Tate Hetphillian ob Avizona ostout
o Pl White Gone Lo iy bracketed by aoanase

carburough, Damon atd Shahigquilabn, 19740 and 4

v, cEvernden and others, 1960, The tuene

- Bidahochi Fornution, in which this local laund

ntly of normal polavity, “This zonation prodably

Lo wielt epocy 5 ol the MPPES sOpdske, pesonal

Formutton sratoty e (MaoPlincener of notleoeniral New Mexico 789

Rudentta, frdetermmate.—Nmerons unpreparved specimens of o
dents, which probably represent more duan one tasoi, e known: from
the San JuaneRak Camel Quarries horizon,

Cants davest, —=Tlere e sevetal dentitions of this dog trom the San
Juan-Kak Catnel Cruarvies Taneon, There appears 1o be i progressive
inctease in size ot this species correlated wil time, The €, davist speci
et o the Ghamite Fonmation stitots pe ore relatively faree and cutse
pate with other samples bom Late-boese Hemphitlian local s, for
eataple, die undescribed Wikieup LoLobiom Arieona Clavlor, personal
commun, [U76),

Selirodon ety radent,— A pantiad lower faw ol this dogJike mammal,
FrAM U850, i known drom near the base ob the stratolype, snost
probaldy trot the lower bnown a The cheekoweth me fnaken ol at
the bt ot the crown, and litthe of sienhcnnee can be said withy respeet w
dental morphology. However, the sice of this specimun iy significant it is
one of the largest and most robust in dhe AMNEFRELAM collection, The
ety o turodon, iy presemthy recoanizaad, shows s areit fnogse inosize in
fater, that is, Hemphillian, fors, Lerdy (ING8) indJuded Targe lorms of
this genus i the species WL pulaenus Lprevom Irayddent, Decatse ot its
Barge sz, B2 AN T30 apparentiy represents o tate foc dlelurodon cf.
fewstien: is hnown trom some e Hlempadiian Iocalities, for example,
Phivens o Foob Tesas od Tesse, iy b v ds oo nawn frotn other Jates
atest Hemphdlian ociisties s Podtord e e in presss

Lassartsssry spoe=Pwos Jower foas o tine pacomedibe neannial Soe
Lot o the Channte Formaon siatorcpe, ANENTE OO0, which
ctasby b teeth sty hioken ofl romy below the crasens, is from une ol
the Rk Camel Quarrvies. FRAN 020, which Dhas some of the mokars
prosersed, B from San Juan Chneys Phie molas in the Tinter specimen
ate tebitively robust el apparentds reproent an advineed foom, The
ey Hassarisens s known frome the Heminetordian w the Recent, and
the specific Diochronofowy has ot been adequatedy presented, Earlier
loems ane pelavively stall and there s o generad nend oward inereased
e Bassansens from thie statots pe s sanilar o some otlier Laes
h‘t}'\t Hemphillian somptes, Tor example, che FLAM speciinens from the
Wikiew)s 11, ot Arizona,

Plestogiilo sp.—\ fragnentany patate of this conivore, FLANM 449230,
S A frem the San fuaneRak Caeel Owanes horicon, The presence
P represents dispersal into Nonth Merica duting the late
Memphtlian ¢ Cedtord amd others, in presse histhe AMNEFLFIAM cols
:";."'r't"i- hesitdes it octrence s the Gluna Formation stratotype,
“"H(',.\.'“I[‘[‘ l.\ :.llm toutd in the Alullu\\'mu.l.nc I'Imnpln.l‘lmn :muml)l:lgcs:
W 'I " ll':ll?ll:l ul l"Inruln. l-.«'f_mn l..lt-. ol '\:Ill.\:l}. Guvnon Lhrries,
\““"‘l:: "'-Hl.l. (...H‘II(‘I.' Runch I,.. Voo Pesane ld Cabin Quaney L1 od

o Wikieup Lot Atizona,




T 0 F Muackadden—> oo ooy s onthay ol the Chamipg

Plivtastidea anbert.—Uhe et tow with Petds ol this badeer, FraM
IRRL

{230, is hiown rom the san fuan-Rak Camel Onarries horizon, Wavtie
Sturny recently reviewed the sheode tasatioy o the venuy Pliotaxiden

ad recouneed tvo species, P werorede oy and 22 serbers, Vhe dental chag
Lrinvinathy tound in the

actets that ditferensinte thew two sbedes ate
custs ot M CThe tower dettal inorpiiolosy st digenostic, and winy
anly the lower fuw, relative size hreomes figportant in speoihe identitica.
don. Uhe dower detitition ol the tvpe of Pooesadentses, LM 22,
appeats o he sienilicily anatier tan that ot she tpe ob P darben,
COME 52122 The fower dentition on the badaer rom the: Chaii
Formation stratotvpe is sery robust, even slinhitle more o than the type
of Poocarberty and it apparently rebresents an advanced, that is, late
Hemphillian, form,

dtongrrostrine gomphothertidi—Frick (10335 p. 645 itlustrates an
incomplete upper dentition, which includes both deciduous and perma
nent cheek teeth, Frick Laboratory field records fur this specimen list the
locakity ass “San Juan, 1 mile up riser trom hridue i green Liver,” This
peeurrente is most probably trom tie fower brown unit i the southem
satt ot the stratotype, This specimen v o Title biochronologic sizudd
canre e to it questionable taxonomy amd stratieraphic position, Vir
Vadly it ondy e s toorecond the meesenee vt sompiacheriad i ta
Lanna atted toidicine afite Cenozoc welehion

AStromppus e, ~Nulierots spevitieny or this fionse e ISHA
rom the san JuaneRak Camel Quarnes borieon, Phis sample s similat
i dental pattern and siee to o @i tom the Cuollee Ranch Lo Fo law
Hemphillian ol “Fexay (Matthew amd Stivton, 100 stirtun, 140y, The
eeth ol oy angae are mtich Larger than o, stockr o test Hemnphillian
specivs deseribed from the Yepomera: Fauna of Chilanhua, Mexire
(Lance, 1950), elu st das fess anteriorly clonated: protocones and ey
anteroposteriorly clongated metaconids and metistylids than does 4.
dockii, Based on the similarity o the e, amee from the Colfee Rand
L tie ol wmsee from the Chamita Foragion statetype: indicates 3
Late, but not latest, Hewmphitlion wee.

Ul pprs enterpolutis—one Tower qas, FAM juenl, ed ont
ower molar ot this horse are known tom the san fuan-Rak Gnned (Quat
vies horicot, [t compares ol in dental charactens atd o with i
sample from the Goltee Raned L Tate Hlempindtian or Tesas i Matthe
and Stirton, 1030, Besides these ocauriences, L. erterpolatus is albo kiund

Clubners (U9 pe 228 peconds the presenee ol P Poduphodon ) Partabededct: B
Sograndetin” from the Chaamty leomation, which e ol Hemplidlian  sge, &
medlal Pliocene or even pastidly ob he vy patt ot the Late Pliowene Gl

sl Dtich, 1071 10 1007 [0 should D oesed that the pomns of this pamphwthet
Fresemddy, there is ¥

that the Battlestng Mountinn focalits o
that this focalits coreelites (o Raumd Sos &
v Clatendonan apect 1o ity avseblave. -

. e

-

-

. cPaege Ave o

A N EE S s A .

e actuably from Battledup Mounton bk, 10k po 53
way 1o cortoborate the hsputhedis
Pemphillian ate, 1t i pist gy phiusible
tait Quares, which appeats g ave @

. . . it
fovnatian stratodshe s Moo Plioeene s af nortlcg)

o other late Hlemphillian sives, tor example,’y
Caltorinn (Wagner, 1976, "
Alecereiopus smetthew . —Soverad sptrrimcns:
mstis trond the san fuaneRak Camel Quarties
wine arze camelid posteranials from the lnwcr"
ferred oo thees spectes, L statthewd can be diag
witly o cosplete pesterninuanal deeent and o
AWehb, TED T e cope macerind of M. matthen
Band b Foobate Hempillian ot Tesas, The s
Firnstron steators pe s simifar ot of e
suggests Lt Hemphiblion age, R
Flercanchenu—<several specimens of what ;
of Han e present in the Chamita Formation s
she generic characters of £lemiauehienia as dfm,'m;‘
as the Thma buttresses™ qanteroesternal and -‘lllll
reduced, sitple, and trinngular £, fhe larger s
sented by one dower jaw, FrAM 17940, and 5(;|1
fromapprox 10 below the top of the stratotyn
in dgn.ml morpholows ad size to that of sume
ncalities, tor eximnple. Hivgins amit Coffee Ran
species A s hnown bonn several specimens
('.mu'ii Chaaroies horizon, | iy apeues s osjunifi
h\[unixulll‘nl ‘.'/. vera, dn particular, the cheek
:(\1:;’\[:(;(“(;“! e presence ot £2, sp. probably indi
dntrlocapridi— here are at feast two, and
antelopes hom the strtotvpe, namely, Oshornore
alexandrar, and o, Ploceray sp. Frick (1937) base
Iocnprx}lr. priwarily on the morpholoey of hor ¢
smallsieed torm with curved, pointed, and gracii
:s‘?x': ntermediatesized torm with robust horn ¢
dé:‘nz‘;lllill‘l(rlnt:.u:l':;r!rn,x’s il lnruc-sizcg! l‘orm_ with spix
of Tl \:i, ‘ 1'|)L§ .‘!‘ these .;mlllnc:nprul\_ is very
! l'lI‘L urthe idetitication ol p:ll'lu‘.ul:ll‘ 1]
available, it iy necessary 1o sepitate these taxa b
oty that tolow are s -li - !‘ 'L \ ‘:l‘.'\.l' it
D L i it vothose ot Frick (1u
Son ;(.1131'.'1‘4"’,1; v‘ul; “:1“:,;.”4: i ruprc.s_cxm-(l_I:w_nunwr
T diser ”m;m.. Hu .,_u.u_nu-:. hnnm.n: Fhis siunyp
it Looan ;MV.' stnidlsieed forms, "The monoty
! A Y hom the statotype and relerred s
Formation, Litle can b o "l ' o !
conce o 1l “\m. ')".\.'“-(l }\1(!1 revard lq the L
Gisgnomn, A‘P“’.”.‘. ;',m.m.u iy not r::cuumzc(‘l i
lrom the 5. [-u'u l'~m'm' core fragment of linge
With the Tyrucr .m-. \zL Camel Quatries haricon, &
ited e pevies, (. alexundrae, There are
s trom this aatne horizon that are refs
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=One fower jaw with PeMy ot this badger, Fray
St Juan-Rak Camel Quanries horizon, Waene
the specific tusonomy of the genus Pliotaxide
8, 2 nevadensis aad P2, garbert, TThe dentil chap
Jdiese twa species are principally found in the
dental murpholoey s not diagnostic, and wig
ive siee beeontes important in specific identiica
at ot the tvpe ot Poosevadenses, UGN U220,
v stiadler than that ot the tspe of P carber,
o dentitiony of the badeer trom the Cliniy
vety toluest, even slivhitly more so than the typs
upznf:'ntl_\‘ represents an advanced, that s, law

shotherdgd,.—Frick (1933, p. 043 iflustrines aa
fon, which includes both deciduous and perma.
aboratory tield records for this specimen list the
tiile tip river trot bridue in areen laver” "This
ably o the lower brotvn umit in e sotddiem
Phis specimen is ol littde biochionoloic sinig
wahle vasonomy and stratigraphic pasition, Vip
viecord the presenee ot i eomphotheriid in i
e Genozne wilchton,

SNuneratts specitiens of this hotse e ko
Canied Ouatnes hovzon, This sinple by s
moto 4L wnae from the Colfee Raneh f. P Lae
Matthew aed Stivton, 1I30: Stieton, 10400 The
uch larger than o, stoekil, a latest Henphillian
the Yepowera Fanna ol Chiauhua, Mexico
fas Jesy antertorly elonged protocones and o
ated metaconids and wetastyvlids than does 4.
milarity w the . ansae from the Colfee Ranch
v the Glauniae Fortacion stratotype indicaies &
Jrhritliag ave,

datus—~0ne Jower jaw, FrAM 00091, and une
¢ are known from the San Juandlak Gumed Quar
vey both in dental chivaciers aned sice with the
Ranch LU, late Hemphillian of Tesas (Matthes
les these veeurrences, D, aeterpolatis is alyw hhost

teconds the presence of il riodon ¢ Ptaleeinlons
Chantny boamabnon, whch i ot “\‘l“hlll“iilll L, 1€
attiath b the emndy pa of the e Pliowene »Uaalurhi
atiotdd be noted that the yemains ol this gonplhodatt
1 Moonbtun dhidk, 1RGP0 3 Presently, e o=
podheny tat the Bactdeshig Mouttain docality v :’
Jv panmble than thin Tocadity coprelates o Rowod Ml
W lave 3 Lite Clarendoman avpect to s st

Formattvst stratolype tMio-Pliveenes of uorthecenival New Mexico 70

frowm other late Hemphillia sites, for example, the Vorlock Lake LLEF, of
Californin (Vagner, 1976),

Megmiylopus mattiews, —Several specimens of this cimel are known
mostiv from the San JuaeRak Cined Quarrses horizon, I here are also
some large cunelid posteranials from dhe fower brown unit that are e
fertedd to s species, M osmattfones can be diaegosed by the reduced 1
with i complete posterointernal crescent and o reduced, but present, 1Y,
Webbo 17O The wepe material of MLomatthewr contes from the Collee
Ranch L. P late Hemphillion ot "Tesas, "Phe simnple from the Chamita
Formation stetetvpe ds simibae o that of the Coltee Banch L. P oand
sweeests o date Hemphillian sue.

Hevenchennee—Several specimens of swhat appear o be o spcics
of Hama are present in the Chamita Formation siratotepe, These exhibit
the geneng cluracters of £feminnciienia as disgitased by Webl (1974 such
ay the " Hama butteeses™ danteroesternal sond wnceroineernad stvlids) and
teduced, sitple, and triangubae Py, Fhe Jarger spevivs, H.overd, is repres
sented by one Jower jaw, FLAM 7940, and some reterred metapodials
fromapprox 10 m below the top ol the stratotype, “This sample is similar
i dental torphotouy wnd size v that of some other fute flamphitlian
Icaitios, tor example, Hivging and Coflee Ranelt L. Fos, *The smaller
Hecies, s i Known trom seseral specimess Jrom the San e Rak
Camiel Onarvies horreon, Fhis speaes s sivficands sadler than the
Wvpoddion ot £, eeas b particular, the cheek teeth e very narrow
atwverselv, The presence ol Hspe prodabfs nidicaces o Hempliidliag age
'“'l'lllnl [ )

Aduttbowapres— Uhere ave ar least tso, il possibsle theee, tasi ot
elopes tom the suratot pe, ey, Qsbomoceros osborne, Hincoreros
lexanuiae, s o, Phoceroy spo Frick (1937) bases the taxonomy ot anti.
locapruly primarily on e merpholoey ot horn cores. Usbornocerus iy a
stallsised Torw wits cueved, pointed, and eraciie hoen cores, Pliveeros
M imtermediscesied form with robust horn cores that bifureate diss
tally, Hingoceros iy o largesized form awith spiralled horn cores, "The
dcnlml morphaloy ol these antilocaprids iy very cotservative, and i is
“Hinde value in - ghe identibication ot particudar wsa, Without lort cores
avidlable, 4y 5 Hecessity o separvate these tana based o size, Uhe identitis
HIO g tollow are basically those of Frick (1937
. “\"mr:mn'rlm oshorn is_rt‘prcsgnml. l)}"llllll\'tl‘O\lﬁ dentitions (rom the

e Rak Cael Quarries horicon, "Ihis smple appears o represent
"'\'{L"‘“’“‘ Sroup of saalbsized forms, The monotepic genus Qsbortoceros
h”'"""":\n oY from e ratolvpe and relerred sectiots ol the L.h_mn{t.u
“”“(‘lnl]”“" .l.mlu cin !)c sitidd .\\llll reward to llll_"f)lm'lll'()nUlUuIt‘:ll sighilis
| i tason, since 1t is not vecounized in other assemblives, A
;"'.:ﬁ:l:'l\.t.l'\‘M‘i:xllcd ‘Imz-n“ re Lagiment ol '//t'lqulc‘(.’r({.s. FrAM 51."153.‘ is
il 1 ity [ll:lll-l\‘ilk (:.llllt"l Latries lfunmn. and it comnares in size
it ey species, Joadvsandraes There are aby nuimerous Lavge.

Htions from this same horizon that are reterable w £, alesandrae,
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Thie tapre Joeadizy and only ather published occurrence ol this species iy
teomy the Thowsand Creeh Favna carly Hemphillian of Nevid (Friek,
sy Pedlord and athers, in press., There ae nnerous spechiaens ot
atermediate sz that are guestivaably reterred (o Plisceros spe These
Appear to represenCdiscrete 2ooup, but they eould abo be seatistical end.
menhets of the snee of virkndon o either Cabarnncerys or Hingoceres,
Pheve s one specimett, ANNELTOD000, that is mom the fower nificeons
o, Eit e abuve the base o the stratorype, Fhe veninder ot this sam.
nle s trom the s fuanak Camel Cuacies hovieon, Plinceras, which
Hi o relatisely done teilchron, i also kitown trom Clavendonian.
emphillian Joditivs in Nebrska Ratsas, New Mexivo, Nesada, ang

Dirgunty,
CONCLUSION? MAGNETIC POLARITY CHRONDLOGY

e magnetic polacity zonation tor the Chamity Formation strato
tpe iy presented above west, figs DA i conclusion o this report, ity
wow desirable to coreelate this canation to the MITS, "This correlation
fouchiieved by input o daty trom the independene disciplines of mam
inating biochronoingy amd radiometric age determinations,

Based one the discusaion of individual tasa and concurrent ranee
somation presented above stest Bie, s, the biocironelogy of the mam
i s stegests w Lte, bue not Laitest, Hemphillian ase (or the
Claonna Cormation stotspe, Uhe didisiduad csacare ot varied atdits
i this asseruonn Fhe maiones of s, itchading the beaver = Diponder”
critioma, the dog Cann daene see distassiun whoven the procsonyd
favsrtens speosee distinwion aboses, the msiclid Plesreesio spa the
fadeer PHotaxlea dariere, the horses chtoin oy enae and Dinoka bpu
seter pofutay, and e cameds Megaeelopus owthewr and Hennatchens
ser support the hvpothiesis ot a Late Hemphillian ace, "The fongeranding
tani, including the vodents 2\ vlaganfus spoand Cladeterminate,”

Hongirostrine gomphotheriid, tie catnel Hemewechem spa and the aute

lapu ¢t Plioeeros sp., are ot ittle bivchronolugic salue, “Uhe sloth #'lie
metandstes, the rabiliit Hypolegns vetus welinite, not questionable oceur
renee, see Dinwson, 1958), the dow o efioodon ot hevelent, and the antelops
Hevgoceroy wfexandrae e tond elsewhere o ey Hemphillian faunas
Arick, 18T
athers, ae pressn b bsassentesd thae the presence of these our e in the
Jare Flempinthian tauna brom the Chamita Formation siatotype tepe
seitts extenston ot their terlchirom, Fhe monewvpic senus Ostrornaceros s
at tittle iochronowlic wtibity sunce iCds unmgque o the Clannita Forpaion.

The tutna trotn the Chatta Formation strotype is generaliy simi
r o the late Hemphitlian asemblages ot the southern Great Plaink

including the Coltee Ranch L.E, of the Hemphidlian suratotype, Pan b

Handle o Tesas, and the adiicent Optima L. F rom tie Panhandle o

Oklahoti isee Reed and Lotigiecker, 1982 Hesse, 1936, 1940; Wood ané B

ottiers, 1941 Evernden and others, 1964 Ted{ord and others, in presk|

A fissiontrack glass) date of 3.3 = 0ol nuy, is known (row the Hemphit ‘l'

the

Danvsotr, 12380 Hirsehbeld amd AWebb, (068 Fediord and 4

»
;
4
‘
)

M3
Fanmaaon statoty e (Mio-Pliocene) of MOI'}/‘J-
Han strotvpe tBoellstortt, 1976), .\Iucl":uldc‘n
T hngull:l!‘:l(?k triveon) dates from ashes 1
staaorspes The dower ash is 5 1 belos 1he top
at 17 meand also 5 m above the base of magn
wh i dated at 3.2 = L0 v, The upper asli ;
upper tbeeons 2one a 365 m and also 15
polarsty cone Kb This ash s dated a0 5.6 = vt
oS Lo :_-uimr;nu the correlation of these 'm
the assertion ol approximane comtemporaneity
ambsomhern Great Plains faungs, ‘

The B Flemphilliag Guna rom the ch
sl radinmetric apes sugpest an absolute
Ly Ly, Witls this conurol in mind, it js JH)\:
mawnetic polarity sonation of the Chamita ¥
MITS g, o), Considering all the relevant
could be constructeds the (bHowim; is the m
ames NN whicl extend from the base of t}
ate of predominantdy normal polarity, represe
time, Within epach 5, the characteristic eve
whicl estends rom O to 165 1, represen
RERG, shich extend from 285 wy 10 the top
ity o medial Gilbere time, Within the Gii
watdy toraal polavite, whicl exteneds tram 4
Woames NTamd N5 Su e workers represen)
nonal polarive termed G ad L nie:
revernsed polarity (Opdyke, 1979, "I'liis lu‘tlcr |
tepresented by cone RS diad ocatly extends -
Hrolype. The existence of this event in (e
hc‘c:}usc 1L only recorded in one local sectiug
m“l\){:'l:“'” apprarently vepresents the same i

il by NG, i it ot oren e
Tone N2 iy pe resented by one s '5') "o
i .l‘ ssented by one site each fron
S, .‘l;-l.}ff(.'lf.(fuils @ previously unrecognis
[0 are l)(l'tct‘:lill‘)’[‘; h[“'m ol scdn!wnuniun. has a
i o e ol shortperiod event is oy s
APProx Gy, ago (Blakely, 197,

N sr;l:;lz(;l;t\ ‘n‘l‘ lc;-y"t'slx'i::l ‘::::nut}ctic g)ul:n'ity N

Gt t“”;rc'm .\ur!h america demonstray

n s o u‘u \uh(lucnplmgs o earth scienc

!mll‘“““)'.tfl';' 0 ‘ Fnuf_v thete is positive feedly

o m““‘:; .l;ul.uml.t;t‘ulug;)', and geochironivlog

terresiri b.m “u“‘(l‘l.lf ,l:’s opened o new area o

e !;lcw ;.\ ( 111‘1 currelate to t.h'c seaedl:

tecard fn . rils u)lnulm‘r:uc the wiility of 4

: Ciantensively investigated fop 1)y
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only other published occurrence of 'this species iy
veeh Fauna, early Hemphillian ol Nevada (Frick,
hers, i press), ‘Chere are numerous specinens of
are yuestionably referred o Plioceros sp. These
iscrete group, but they could also be statistical end.
ol variation ol either Osbornacerus ur Hingoceros,
CAMNHL 100090, that is from the lower luli‘:lccuus
Lase ot the stratotype. The remainder of this sam.
aiblak Camel Quarrivs hovieon, Plioceras, whlnch

wildliron, iy also known o Glarendonian
"t Nebraska, Kansas, New Mexico, Nevada, and

1ONY MAGNETIC POLARITY CHRONOLOGY
darity eonation for the Clinnite Formation stato.
e (text, fic, 7). As w cenclusion o this report, ig is
ctute Uiis conation to the MIYTS. “This correlation
ol data from the independent disciplines of mam
and radiometric aue determinations,
Cisston of individual ase and conearrent ringe
jove (leat, tig, 9), the biochronology of the man
¢ late, bue ot fateste Hemphillian age jor the
watotvpe, The fndividual taxa are of varied uuht.\f
ntrjority of tasit including the eave " Diboudes
ants darist ee discussion abover, the procwonid
tactmion abover, the muselid Plestogidu sp., the
sherr, the hoises estrohippn s and Diolapfing
cattiely Megatylopus matthewn and Hennauchenu
otltesis ot o late Hemplitlian ave. The lungrangitg
vodents FMvlaganlus sp. und Vindeterminae” the
otheriid, the camel Hemanchenia sp., and the ante
are al little biochronologie value, The stuth 3Plie
t Hypolags vetns (defitiite, not questionable oceur
198Y, the dow sdelurodon ¢f. haydent, and the antelope
e are tonad elsewhere in early Hemphillin taunas
L1938 Hirschield and Webb, 1968 Tedord and
casserted that the presence of these toue tasa in the
ana from the Chamita Formation stratotype pepte
i tetlehrons, “Uhe tnonotypic genus Osbornoceroy ¥
¢ utilite sinee it s unigue to the Glisnita Formation
the Chamita Formation stratotype is generally st
phillian asemblages of the southern Great l’l:l:ll-‘-
¢ Ranely LB ol the Hemphillian stratotype, !n"{'
o the adjacent Optima Lo F. [rom the Pandiandle Ud
and Longtecker, 1992: Hesse, 1936, 1940; Wood an
ien wnd others, 1964 Tedlord and others, in ,nc.s})-
pdite uf 5.3 % Ua muy, is known trom the FHlemphil

Formution stratotype (Mio-Plivceney o) novtheeeniral New Mexteo 793

Han stratotype (Boeklstortd, 1976), MacFadden and Manley (1976) present
two fissiwietrack (eircon) dates from ashes in the Chamita Formation
stratotype, Fhe dower ash is & m below the top of the lower tuttaceous zone
at 170 mand abo 3 above the base ol magnetic polarity rone N3, This
ast fs dated at 5.2 2 L0 mv The upper ashvis 5 below the top of the
upper tuttitceous cone at 365 mand abo H o below the top ol magnetic
polarity cone Kb "Phis ashis daved ac 5.6 = 0.4 muy, Fliese age determina.
tions torroborate the correlation ol these mammalian asseimhlaves and
the assettion of approxitate conemporaneity ol the Clinnita Formation
andd southern Great Plajns Biuas,

The fate Hemphillinn G rom the Chamita Formation siratotvpe
and radiometric aues sugest an absolute time interval of roughly G oto
A myy With this controb in mind, ic iy now desirable to compare the
magnetic polarity conation ol the Chanite Formation stetotype o e
MIMES (hie 10 Comsidering afl the vedevant data, mumeraus hypotheses
could be constracteds the toflowing is the most plausible: 1 assert that
tuties N LN, whiclt extend hrom the base of the stratotype 1o 285 m and
are of predominantly normal polavity, represent medial 1o late epoch 5
time, Within epoch 5. the chiaracteristic event A ol reversed polarity,
which extends frow 10 ta 1od w, by represented by sones RERY, Zones
RIRG, which extend from 285 m o the tap ol the stratolype, represenit
caly o medial Gilbert tioe, Within the Gilbert, event G ol predutni.
mantly novmal polarity, which estends from 375 w470 s epresemed
fasones N and Na, Satie warhers pepresent event G oas (o events of
rutitl polarive, tormed T aad e sunctned by oo short event ot
soensed polinity (Opdyhe, TR0 This Toter reversed event is probably
represented by sonie R that Jocally extends trons -E50 1o 450w in e
Hratowype, The existence ol this event in die stratotype is not cetain,
becse it is only recorded in one tocal section and not in another local
wetion that appavently represemts the sane time interval,

Within event A of epuch 5 there iy one zone ol normal polarity, rep.
oeited by N2, thae das not previendy been reported in the literature,
Tone N2 iy represented by one site each from two local sections, ‘This
one s interpreted as a0 previously uniecognized shoreperiod event that,
""}ﬂl siaverage races ol sedimentation, has o durition on the order of
“l" ¥ Detection o ashortperiod event is nut surprising [or the Cenoeoic
IO to approx 5 ny. ago (Blakely, 1974),

Studies ol terrestrinl magnetic polarity stratigraphy in places such
“otuthiwestern North America demonstente the leasihility: ol inte
sating dilterent subdisciplines of enth scienee to lonmulate hypotheses,
I thiy e ob study there s positive Jeedback from paleomagnetisim,
tuleantology, sedimentology, and geochironology, Extension of puleomag.
::‘l'l': :‘}lnlics to land Jas opened o new area of interest, Recognition of
‘!-din\\p“‘l.l sequences that correlate to l.h.c sea-loor :ltl?t}l‘:ll}'.:lllil dccp's’cu
o] 'l\f~lly' records covraborate the wility of the MPTS, 7 he terrestrial

s been intensively investivated tor the time inserval of roughiy
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Fig, 10, Correlation of tagnetic polatity romation vandand magnetic polanin
tme scale wsing independent binchtonulowe mnd radiometrie control, Radivmex
ave determbiitiuns are from stacFaiden aml Mandey (1976) Boundanies of magnex
polatity epochy, {1t abaolite my, e ken ftom Opdike (1957 and Berpgren ol
Vah Couseting (10T Boumdaries between Nutth American Cand Mammal e and
Cetotoie Stages ate approvimately pdicited by tones of diagonal tines, dee tigute i }

for svinbuols,

-~

0 to 5ty o, Thie nest tsk is o extend the time seale back into the
Cenoeoic, This will be somewhat more ditfienlt principally beeause of the
propurtiotal error marntin associnted with radiometric dates, Prior 5
roughly 5 m.y, ago, the error mateit on wost radiometric dates is o b
preat o facititate correlation ot isolited mavnetic polarity senes to
MPTS, L thiese cases terrestrial sequences that span several milljon yeas
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Satiby bee Lo, bt itogs lanely wndescribed, This assemblage appeiss to by u9
siderably ohler than the (umt bon the statolpe and s proably most sibd
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