New “°Ar/*’ Ar ages from the Cerocahui basin region of northern Sierra Madre Occidental, Chihuahua, Mexico:

Implications for ignimbrite correlation and the timing of synextensional deposition
Bryan P. Murray',Willis E. Hames?, Graham D.M.Andrews’, and Cathy ]. Busby*

'Department of Geological Sciences, California State Polytechnic University, Pomona; ?Department of Geology and Geography, Auburn University;
‘Department of Geology and Geography, West Virginia University; ‘Department of Earth and Planetary Sciences, University of California, Davis

Abstract Geologic Maps Stratigraphy

'The Cerocahui basin is a half-graben located adjacent to the Copper Canyon Fiaure 34~ Sl \@a& RSN ‘ng& NN Contacts & Faults
" VAN :
i

. . . oqe . N . A ! o by 3\3\ . : w“' ‘ I\ j ""\ ), ‘ W) ‘ ! : P ‘ ",‘ ' \‘;r ; oy l : . . . . . . . . .
region of the northern Sierra Madre Occidental silicic large igneous province. o 2z NN %@v W ) BT N NN R ks atples TS - . Figure 3A lithostratigraphic correlation chart ot Figure 5: Parajes formation generalized stratigraphy Figure 6: Cerocahui measured section
R, LN AL : = = TR TR W g TET T AR ' Y1 — — - Contact - Approximately locate

Sierra Guazapares formation

Témoris formation
Tti

]
3030000N

rhyolite  cross-bedded Guazapares Fault thickness (meters) _ . .
igmﬂé’tﬁte igﬂ%’é{iﬁid fc()ﬂrr?c?ilfc_))n — — - Fault - Approximately located CerocahUI |gn|mbr|te
Oligocene silicic ignimbrite outflow sheets (Parajes formation). Age control of the sie. ORE 2@ NASN | o 8
1 1 p p : e XOAS e i o S T SINRAN s AN S IAN W R S irnisr',?'r?e Tta . Normal fault - tick mark on hanging wall Figure 3B lithostratigraphic correlation chart o b _ L e e e
study area is limited; this study presents new “°Ar/?’Ar ages to further constrain Fooc X WBEP> LN ~\’,f’ A =\ \ T TORL| e e doonefon _— 23.59 £ 0.13 Ma’
fluvial sandstone: gﬁﬁgiﬁﬁé basalt to tgg‘i)srig‘ S'tllﬂc dﬁgxs andesitic  Témoris —'— Approximate strike and dip of inclined bedding

: - N7 : Tsti
. . . . . . . TN , s . L i8eaute AL\ 7 (B N massive (Tsti ver o ) i approximate total Dominant clast type
Previous studies in the area have identified late Oligocene alluvial and [N ~ | PN NN ST G| STk g Contac - Infrred from acril photography
—— - Fault - Approximately located, queried ¢ X Traza ignimbrite (Tpt): 20% phenocrysts: plagioclase, pyroxene, trace quartz; . . . Dominant clast type .
- — — — Fault - Inferred from aerial photography 1000 m — ¢ ) ‘x X 0 ‘x ¢ 0, gray fiamme; 30% lithic fragments (intermediate-silicic volcanic, welded tuff; to op macceSSIble(Cth R T (TClh)
reworked lava . - Quaternary alluvium
tuft g vocanic debris | Ta| | Tt Symbols KM ignimbrite (Tpk): <5% phenocrysts: plagioclase, trace quartz; 30% gray e T s e e /
fiamme (to 30 mm); 5-10% lithic fragments (red and gray intermediate volcanic).
,:[h Ch . . b .t th 1 t t t. h. .t f th P . f t. o = ) KN 3 \ Y L o) e @pil A4 el i P AW )7 S S intermediate/silicic andesite | d ts: intrusion formation Strik d dip of inclined foliati d flow banding in i k
\ /] ERANN Al g i AL W (L Ll R VR 178 = L ™\ ! edi NCIC \6lcani I ow eposits: Intrusi i —— Strike and dip of inclined foliation and flow banding in igneous rocl . .
c cpe 1gnimprite, the IOWest stratigrapnic unit o € I"ardj€s 1ormatiorn, 18 o AN L\ AN b o el 7 40 - 20 volcanic fragments ¢ S40E “lava  geposits welded (undifr.) _u Strike and dig of inclined compaction foliation in I Corocanui [~ Teih Gerocahui ignimbrite densely welded lower portion Weathered-out pumice lenses (to 10 cm) near top

stratified (Tstb) large-scale Sierra Section continues up (left)
mafic-intermediate volcanic synextensional basin deposits underlain by several
Fault - Concealed e, LY I ‘X x® X‘ X‘ ¢ X 50 mm). Basal 1 m-thick vitrophyre. Thickness: >40 m, top not exposed. _ * BM1 0031 6-3
o o o o o == BN X 4 I I Y ;:5:. I gy \.2Y7.40 X Via ' 2 A AR
depositional ages and the timing of extension. PG NG TSRS TIPS - 0P))- o it RN S Faors b o " Stike and dip ofinclined becing
=] | O ' | 7 > 18X ' & Thickness: ~40 to 100 m. Basal 0.5 m thick black vitrophyre below ~ 10 m thick red

/
Cerocahui basalt

ignimbrite

exposed in a horst block on the eastern edge of the Cerocahui basin and yields an EN S g Pl IR LT Fo NIRRT feomerts [, Comaedsitie and clp ofincinec bedding Sl T — 27.46 £ 0.30 Ma 5
W ) S Ale — o' o 4 J e e R A 9, Parajes formation o Ezt:g;tj:l sbtertji:;d dip of inclined foliation in ash-flow tuff Szgﬁgaﬂﬁ't Cerro Colorado ignimbrie ; £ N -

agcC of 34.68 + 0.14 Ma (20) Previous work tentatively correlated this 1gn1mbf ite 2 AN < \ rch A e/ ' n\‘ RN A\ ot | Horizontal compaction foliation in ash-flow tuff Teir | EI Rodeo ignimbrite | Rancho de Santiago ignimbrite (Tpr): 5-20% phenocrysts (decreasing amount o welded slcio tuff mafieintermediate fava
. . o e . . . o o PP RN ! {és N ey AT 7Nt ) X L ORYRE raza rike of vertical foliation and flow banding in igneous roc = ti . plagiocl to 3 , , £ hornblende, + rtz; 10-20% P R
to the regionally extensive ~29.9 Ma Divisadero tuff based its stratigraphic position =7 NS \ e RN e\ A \ animoric L atike ant i o e e tnignecus ock upsedtion): plagiodase (to 8 mm), pyroxene, xhormblende, * uarts e
. . . . . (L N\ /. LA RSN . e W NGRS 2 ) ignimbrite
bClOW younger dated I'OCkS n the StU’dy arca and 1ts dlStlnCt CI'YStal—I' ICh p hCIlOCI' YSt - Trend and plunge of siip lineation on fault surface 2 conglomer.) lavas (Tbl) & igr?i'rlrlftlﬁite deposi?f?hnndifrer- vitrophyre unit. Weathered-out pumice lenses (to 25 mm) in upper middle portion of unit.

. . o o Jo i L 4 T A0 Tida! (¢ e i \ NS brecci avas/subvolcanic entiated) B j : nonwelded silicic tuff

assemblage (~30% embayed quartz, plagioclase, biotite, hornblende, and sanidine; to A e ) ) PR = - S zomeotneavyatraon e e o) o ) - | P . |
. . . . . . : -~ ‘ i Mias 1 7 {4 Y ignimbrite _ . <~ B cenosts Parajes formation: siicie weldednommelded y Puerto Blanco ignimbrite (Tpb): <5-20% phenocrysts (increasing amount upsection):
2 mm) that is similar to samples collected from the Divisadero tuff type-locality. W (@@= \ 3« g YoM MR S NS\ anrts sandstone, Parsjes formation:. slicl weldod nomus (] i s ctton imoies plagioclase, biotite, with trace hornblende, pyroxene, quartz: 10-15% yellowish-white

lg%?yeinoi.ganm;rite fiamme with dark gray rims (typically to 30 mm, maximum 1 m-length); trace to 25% lithic = ' welded silicic tuff M El Volcan Igmmbnte

; inal ini - e Bah ichivo . . ) . . e . . . : FeT :
Renchode | Tob | %~ Strike of vertical joint alluvial deposits:  Volcanics: undifferentiated Cerocahui — X fragments (intermediate-silicic volcanic). Thickness: ~80 to 200 m. Basal 2 m-thick (Tciv)

]
3028000N

ignimbrite Puerto Blanco — Fault dip direction sandstone (Tcs) mafic-intermediate

ignimbrite

Chepe Parajes OW Ig!
ignimbprite C%n?éa,%re;:ée’ formaJtion divided into seven distinct ignimbrites by east of the Cerocahui basin

~ Y . . . .
. . . . . . . ‘ : , W N G ) Nmeiatl | TRE| P =\ NV o)) L) g’ Murray et al. (2013) pumice fragments (to 30 mm), 5% yellow fiamme (to 10 cm) in welded section; 10-40% T T T e welded siicio s
However, the correlation of these two ignimbrites is highly unlikely based on our DS N GORN ey o inons | CopIN AN __ _wr e | - . I _ ____ : . lithic fragments (intermediate volcanic, to 50 mm), with normal coarse-tail grading and Vi TTHOLOGY

new age data. Instead, the Chepe ignimbrite 1S more hkely correlated to the . NN | Irss DR N AR e [ AR i Figure 3Bf\ \‘i TR AR~ ) i S = W77 I NSRS LS =5 NN B TN el decreasing amount upsection. >190 m-thick, base not exposed ; 4 = Basalt lava with flow top vesicles
. . . . . q (1 ’ ‘ A~ Teer AN (= VN AN T LN N =2 e S5 ) N o S W A= I IMNNNN ) 2l N e 27.6 £ 0.3 Ma e : : E=T silicic ignimbrite
previously identified 34.1 + 0.9 Ma Vista tuft, which was erupted from the Las eSO IR | - (NN i A SR SR ASE A e S N N T S . = e\ R VU e Nt T N -;. | L nomewessioowr | [E5] Tuffaceous conglomerate
. . . . s = X 3 h‘\ ‘- £ k \ k \ . v.lz‘\. A\ | -,/.-" s | il :;’J : -. & vy / - ) Y Dig e B = ¢ \ A } 2=, ‘ » ) “<" :::: ‘— ) _,' - N , 2 A % "‘E' 4 e . ) ,f:“:;f\:\’ \\ oe o - s Tuffaceous sandstone
Varas caldera ~125 km NNE of this study area. An outflow unit of the Vista tuft is ) " | o | o T Thinly bedded tuffaceous sandstone
Portero ignimbrite (Tpp): pink groundmass with eutaxitic texture; trace to 25% mafic-intermediate lava, FE] Matrix-supported conglomerate

identiﬁed ~7O krn S Of the Caldera and iS nearly identical in appearance to the G S -\_ - 2 Tiss 0N " ':,“: ": ik T _T‘ : Y i‘_‘k'i s e 7 | i A N : = L ":‘{ v, N Yo ' {AQ ‘z:‘;;_‘,_‘; i phenocrysts: plagioclase, pyroxene, + hornblende, trace quartz; 20% dark reddish-gray — garr;vlv:elded silicic tuff, Conglomeratic sandstone

. . . . . . . . . . i ATt ) e b % 34.68 * 0.14 Ma<., H-ARN el @ : N - ' A N )| [\ AN N - : b7 —\ H7 ) pJe. ISR ¢ fiamme (to 30 cm); trace to 10% lithic fragments (intermediate volcanic; to 15 mm). & el ' [72] Massive sandstone
DlVlSﬂdCI'O tuﬂ; Suggestlng that thlS tentative Correlatlon Wlth the Chepe 1gn1mbr1te BN\ : / 7 Tee o R 1 v 3 | : Y Sl < : A NG - o NN 1 L Vi S — ;}‘{'; =S\ Thickness: ~20 to 180 m. Basal 1 m-thick vitrophyre, top eroded. Increased amount of = 5 [ Horizontally stratified sandstone
. . .. .. . . . “Fe) ) ) W NS SR W N\ = L 1 1% /7 W) SR NN NN o : ;; AN WS AR ftitog— | L) | e N phenocrysts, lithic fragments, and vapor-phase alteration upsection. 2 o nonwelded silcic tuff ] Cross.stratified sandst
is plausible. The KM ignimbrite is near the stratigraphic top of the Parajes e W s e o DN S LIS 7 SEI Ol e T S (RN e ~ QL S\ | e RN | R — ross-stratfied sandstone

o . o o Fec 1 )\ 2 : ' AL /4 \ N e, ':-1 \LECT ‘ N e gl Y : ] LS I TS ) & 2 SN : ) ' N ) oy \ DA . mafic-intermediate lava Siltstone
for mation, with our new data yleldmg an age of 27.46 = 0.30 Ma. The age of the ) Ll (] ';\ st 1 Ao RN SRS RN e ) B ML Nk o, - o) | pINERAC O a\E L1/ S vediddre J W (b b O N S| [><] No exposure/covered
KM 1gn1mbr1te COI‘I‘GSpOIldS well with previous zircon U-Pb LA ICP-MS datmg . giciotich] s STV Ry i ) ) L e o k "3< Wi BN | [Py S A L W NN g T ey = A =l S S NN e i POTREROT) NI U 1)) Ericicuchi ignimbrite (Tpe): 5-15% phenocrysts: plagioclase, pyroxene, * biotite, + | /10 aeoourent arsction from
from the underlying Puel‘tO BlanCO ignimbrite (27 5 8 + O 26 Ma) and from an i < : f "'IK‘ ) P L~ b R omioo X ' | /Y Bp g | Hite 2 ; A 9 ASE Y /4 =ORIHY A hornblende, trace quartz; 5-10% dark gray fiamme with orange rims (to 10 mm); trace pumice, nonwelded silicic tuff g

]
3026000N
3026000

=] nonwelded silicic tuff

ignimbrite near the base of the overlying Cerocahui basin deposits (28.1 + 0.8 Ma). Nz A R § (mﬁé.?:;%ﬁ\\w SR S |\ Bers RIS G Gt ol eel e e B oo oS! 7210 M- Base not exposed, or possibly located in inaccessible —— | EEa
A basalt lava unit that conformably caps the Cerocahui basin alluvial deposits TN N LT 2R (YR T N ) % e N T —TUETBUNS - 7 7 (N N W e S RN 27.6 £+ 0.3 Ma | : Vf -very fine

£ g s - silt
. . . P \ Lo AN | (/ SN e s LB AR AA ¢ )i N Nl \ h\ 3 4 TN 35 = 3 B\ ‘ 1 \ Sk \ V) _ ' if,i NS '._u'.,:'f" A O Nz 3 f-fine .
yields an age of 23.59 + 0.13 Ma. Based on previous work, this new age suggests a AN st KA\ by RN | ~ » AN N V)| e VR, NN\l Ry s O 27.0 £ 0.7 Ma a\ — | m-medum |22
depositional rate of ~300 m/Myr in the basin near the fault margin. 'The basalt lava \ AN T NS/ TN R 27 Co N (T S R RN S AR S ALY N e [ ) A S | B o
unit is relatively flat-lying and has only minor offset across the basin bounding TR o N iR (0 272 s NS 720N TR ER L T T IR LTINS R S P S o)z ' N R R o ' ' iRl mefomemedsioee e cobtieiock

- \ ‘/- LN ‘ SO ‘\*« ? ‘4:_;Q. Cit ¢ g} ;“” ?’ ‘{ L\ - ANSRSA/ C ¢ ; : ; = - X \ , 7 : » 3 j 7 7 {f »-; N ) & .., 3 T-L‘_;\, “E) R '...'... b - boulder/block
fault’ suggestmg that extension 1in the Stlldy arca was Wanlng by 236 Ma’ b e = f{ \ AR . e HRUD 1 (S \ LR N N el SNV ~ ==X (r N : s o\ Y o - : ‘ LTI (N7 LY Chepe ignimbrite (Tpc): 30% phenocrysts: quartz (embayed, to 5 mm), plagioclase, mafic-intermediate lava e

: S \, ! : W Rogiivo ) LECSNERE O\ Q! : i\ ) T &) N L \ AN ' o LN A o /7 biotite (to 2 mm), hornblende; 15% pink-orange colored fiamme. More than 140 :

{Abandonadah ™ | | A~ S ~ R ' : v : e i TSN\l L S m-thick, base not exposed. Possible multiple cooling units, or capped by either Tpe or
e an unidentified ignimbrite outflow sheet. /

34.68 £ 0.14 Ma ] vesasiceun
7! LYY A \ , g 4 [ 5 H : = YR i B i W AN\ Y Rt 1 W [ —-— 1] _
R S N Y WA . MNEEN T (/L - « e T o PN Y / Cerro Colorado
410 A S N CLRERN % { o 7 \ Bt B o B T X 3 - /.’,‘ AN N INENE N B‘,r‘*\ A \"‘—«. X 3 CE LY b T o o B d) 4 ] )
) y ~ ¢ \ N S o ALY & { L L ~ T 3 X { P bt ML e ) Y HINAE LT FIRN 4 U f /A 258 e )
[ ] { ] 2 bt i ¢ & a Y1)/ \ ) i e S B \ ., LN ! A - ‘ ! . b - N\ L i ey~ [ R ¥4 F3 P " = PR Qe ) [ e " . "
SRR ; | L ¢ ALKC : ? ] -4 ) M PR | L 1 A\ A Kil t v g ' 3 o\ \ _(Abal v N W22 i NN O % Ignlm rl e
: i ' (Nt B §) VA - — - - — . llometers ALY L ) RS 3 ./ i 2 N LRy \ ) 2 ! M ) ~ R A LAY I SR\ U =" YR | mafic-intermediate lava
; H Tt B 8 o\ A\ W Y 1 { 2 ; g oL o\, A A > v By s " B S gl |
i o =) ' W] i ‘ g f o 7 IR =. ) ) \ JEssp i g 3 & NN SR NS e 62 5 u\ e, ey 4
. 3 o o | : iy ; 7 . § A% G P NE ~ . P ¥ =S o vy RNy \ -
A e - - i { k - / N —~— - a3 [ » - . o \ &l
} Sadh —~ . s } { = g g 3

& aaolot oY i ) e . N (n = number of measured limbs)
,/ \ ,Q‘x\\ ' A to 10% (locally to 30%) lithic fragments (intermediate-silicic volcanic; to 2 mm, locally to ; o nonwelded silicic tuff
) -

]
3024000N

=
|

]
3024000

welded silicic tuff/

3022000N
]
3022000

Contour interval =20 m
Map datum: NAD 27 UTM zone 12N

dlometers | I _ e e A R L S ST - s e o AN TART AR “ﬁi}()){%fﬁx TR Figure 5 (above): Generalized stratigraphic column describing the key characteristics of the

+—+ railroad NN A Contour interval = 20 m T reeee e seven distinct ignimbrites of the Parajes formation. New *“Ar/*Ar ages of the KM & Chepe
L || smo L\ 1\ 7 Map datum: NAD27 UTM zone 12N

N e ignimbrites from this study (Table 1 & Figs. 4B-C) are indicated by bold text; previous zircon [ wesfeeun
TMVB ' erocahui fault Bahuichivo— . . .. . . it welded|silicic tu
\C(Wi:jwm Bachamichi | U-Pb LA-ICP-MS ages of the Puerto Blanco & Ericicuchi ignimbrites dated by Murray et al. oo

Tuscon —— main highway

]
3020000N

@ Q N
k @ 7o welded silicic tuff, ~ mafic-intermediate lava

3 . : : ——_r = _ ' . . . . . o o _ g Q| oo stocun
%-bé ‘ Figure 6 (right): Measured stratigraphic section of Cerocahui basin deposits in the Cerocahui / A
(0} B : TROUR silicic lava, nonwelded silicic

. . . . . _ o village area (Fig. 3B), depicting the stratigraphic position and new “Ar/*Ar age of the / Il mafomemedite ava
Figure 3: Geologic maps and cross sections of the Rancho de Santiago area, immediately west of the Cerocahui basin and east of the Guazapares Cerocahui basalt (780 m) and the previous zircon U-Pb LA-ICP-MS age of the Cerro RRRRRRREEE

Mining District (Fig. 3A, left), and the Cerocahui area (Fig. 3B, above). An explanation of map symbols and lithostratigraphic correlation keys is Colorado ignimbrite (50 m) (Murray et al,, 2014). Also indicated are sedimentary facies and ua o s 0 - ,., -
above Figure 3B. White dots indicate the locations and ages of newly dated samples by **Ar/* Ar from this study (Table 1 & Fig. 4); red dots pasenotexposed e (T o Le
indicate the locations and ages of samples previously dated by zircon U-Pb LA-ICP-MS (Murray et al., 2013, 2014). Yellow line on Figure 3B

(E-branch) Sault welded silicic tuff — —— —

pumice

(2013) are indicated by bold italic text. e e e

elevation (m)

/ e termediate lava, pumice

unextended
core of the SMO

elevation (m)

paleocurrent data from trough limbs. The dominant clast type (>50%) observed in conglomerates Grain Size
and conglomeratic sandstones are listed where recorded in the section; polymictic rocks without
a single dominant clast type (<50%) are listed in order of relative abundance.

]
3018000N

-
> —— - —— —— - indicates location of the measured stratigraphic section (Fig. 6).

. Durango

490 ko Mesa Centrl OAr/*°Ar age results Ignimbrite Correlation Basin Development

T 0 200 mi QJ 40 39 ACKNOWLEDGEMENTS:
N Guadalajara 1\ o Table 1: Summary of “Ar/”"Ar results Chepe Ignlmbrlte e The relatlvely ﬂat—lymg Cerocahui basalt conformably caps the Luca Ferrari, Luigi Solari, Paramount Gold & Silver, Larry Segerstrom,

Danny Sims, Dana Durgin, Xavier Martinez, Armando Valtierra,

o oo Sample # Map unit Lithology  Age (Ma) 26 (Ma) MSWD Method - Based on nearly identical phenocryst assemblages and stratigraphic position relative to younger _ | _ | I gefltly east-to-north-dipping Cerocahui basin alluvial deposits Angeles Verde-Ramirez, Denis Norton, Elena Centeno-Garcia,Jordan
dated samples, Murray et al. (2013) tentatively correlated the Chepe ignimbrite to the regional e v e . R4 (Figs. 3B, 6, & 8). Lewis, Adrienne Stolpe, Dana Roeber Murray

Occidental (SMO) silicic large igneous province and the unextended core (gray) of the Y T e Y F e oy 030 007 Mulsio TH o aniding) extensive 29.8 * Q.S Ma pivisadero tuff of Swansor.l et al..(2006), exposed ~45 km NE of the | ol Mee 1 LasVarms Ay £ < o I Approxim.ately 730 m of strata separates the 23.59 + 0.13 Ma REFERENCESCITED: .

SMO (after Henry and Aranda-Gémez, 2000; Ferrari et al., 2002; Bryan et al., 2013). P 1gnimbrite ' ' ' ultigrain 1H plateau (sanidine study area at Divisadero in the Copper Canyon region (Figs. 1 & 7). e NG ’F ni et RN Cerocahui basalt from the 26.0 + 0.3 Ma Cerro Colorado ryan, Y13 Pﬁzif; a;jr‘ftv}‘:e’ o o é;i‘gzoifpmejgm;ﬁ“;:; e

The location of the Cerocahui basin area is indicated by black box (Fig. 2) on the BM100309-1 Tpc  Chepe ignimbrite  34.68 0.14 1.0 Multigrain IH plateau (sanidine) O A 30 o . _ . . . . G e IO - / ignimbrite (Fig. 6), suggesting a depositional rate of ~300 the Gulf of California: Is there a Comondu arc?, in

western edge of the unextended core. TMVB: Trans-Mexican Volcanic Belt. - Ihe new .Ar/ Ar 5" of the Chepe ignimbrite from tb1s study rejects this previous correlation, e i SNy | ) m/Myr in the Cerocahui basin near the fault margin. The g?mei;nng, o and Crntal Growty, Gealopiod Sedity of
(A) Cerocahui basalt (BM100316-3) (B) KM ignimbrite (BM100311-1) as the Divisadero tuff is ~5 Myr younger (Table 1 & Fig. 4C). ogenic Andesites and Crustal Growth, Geological Society o

Cerocahui basalt has only minor oftset across the basin London Special Publication 385.

60 Plateau steps are magenta, rejected steps are cyan box heights are 1o 60 Plateau steps are magenta, rejected steps are cyan box heights are 1o Ferrarl, L., LopeZ—MartmeZ, M., and Rosas—Elguera, J., 2002,

Josersw Joserow - This study tentatively correlates the Chepe ignimbrite to the 34.1 + 0.9 Ma Vista tuff (Table 2) oA e LR e bounding fault, suggesting that extension in the study area was Ignimbrite flare-up and deformation in the southern Sierra

| | | I - - L1 . . ) Rl ot b o e I Al W . . Madre Occidental, western Mexico: Implications for the late

zapares Mining District cahui basin ' 50 50 | erupted from the Los Varas caldera of the Toméchic volcanic complex (e.g., Swanson and ‘ A s W S i Manzanita. .. = active by ca. 27.5 Ma and was waning by ca. 23.6 Ma subduction history of the Farallon plate: Tectonics, v. 21, no. 4, p.
i uaz ion (intrusi Silicic hypabyssal intrusions \ . L AR % e AWV B T JUANTHO® S W T 7 A s e _

] e o s — . o ,, _ Plateau age = 27.46:0.15 Ma McDowell, 1985; Wark et al, 1990), located ~120 km NNE of the study area (Figs. 1 & 7) IO e SR s L 1-24.

| Platoat age = 23.585£0.063 Ma I(\;g\’/\;gclzfgf997&;gg; ;Tit-;fg‘:/;é ol "CSan Ju anito ; Ferrari, L., Valencia-Moreno, M., and Bryan, S., 2007, Magmatism and
[ Temoris formation [ sandstone-conglomerate unit ; 40 (15, including J-error of .12501%) Includes 97.3% of the Ar « . .. ) .. . . dd LA et 25l A%y % & e Mg A tectonics of the Sierra Madre Occidental and its relation with
[ Paraies formation "] Bahuichivo Volcanics MSWD =081, probabiity=0 1 « “The Vista tuff, with its readily visible quartz, abundant feldspar, biotite, and hornblende, is nearly {5 S ETas = b o the evolution of the western margin of North America, in

|:| Pre-basinal silicic outflow ignimbrites |+ &) Bahuichivo i . . . o e . . . . Alaniz—Alvarez S A and Nieto—Samaniego A F., eds
. N\ y O. ., , AL E. o
| N 30 Itj_‘ identical in appearance to the Divisadero tuff as seen at Copper Canyon...distinguishing between Geology of Mésico: Celebrating the Centenary of the

g the Vista and Divisadero tuffs in the field can pose a problem.” (p. 131, Swanson et al., 2006) _ reelss S | Geological Society of México: Geological Society of America
| o AN iz e ' ; 5., = 4 Special Paper 422, p. 1-39.

. . . . Henry, C., and Aranda-Gémez, J.]., 2000, Plate interactions control
* 'The closest outcrops of the Vista tuff to the Cerocahui basin region are ~82 km NE near " midle-late Miocene, prjtf,_Gulfand Basin and Range

1 1 o g il e A - R extension in the southern Basin and Range: Tectonophysics, v.
an juanito 1ZS. 77 o , : ., g phy
1 O M 1 M 1 M 1 M 1 1 1 0 M 1 M 1 M 1 M 1 =5 i - 3 e = - .7 : : g RO opEne TS 218, p. 1—26.

00 0.2 0.4 06 08 10 00 0.2 04 06 08 10 . _ & z -' , & \;f " = | ' o s : , McDowell, F. W.; 2007, Geologic transect across the northern Sierra
Cumulative 3°Ar Fraction Cumulative 3°Ar Fraction : i s | ¥ e ‘ Sor = e e - : e 7' sl e Madre Occidental volcanic field, Chihuahua and Sonora,

Table 2: Comparison of Chepe ionimbrite & Vista tuff .. - At . L A, AT T St , r——————— ' Mexico, Geological Society of America Digital Map and Chart
. p pe 1gn (e . : Ry W et ; Series 6, 70 p.

: s O cr” Wre i /f : ! iR S o X = Murray, B. P., Busby, C. J., Ferrari, L., and Solari, L.. A., 2013,
Témoris © Cerocah UI L e e N o P =g J0C — e A e Synvolcanic crustal extension during the mid-Cenozoic
; Jivs A e e B A I B ‘ . PR e N Pt R v Xy ignimbrite flare-up in the northern Sierra Madre Occidental,
A BN gl L W S 0 N & ey s ‘ AN . ' : e T T A Mexico: Evidence from the Guazapares Mining District region,

, o' i B 25 5 OOgleea &yt i ; - Tl R G : .
oh 0 . 04 0 . NV g - i .2 o SRR gy ; ; =5 M western Chihuahua: Geosphere, v. 9, no. 5, p. 1201-1235.
Phenocrysts ~ 30% - abundant (>10%) plagioclase and quartz =~ to 50% - abundant (>10%) plagioclase and quartz | |——J : e A Siddoue o . & i T B e Murray, B. P. Busby, C. .. and Verde Rumisez, M. A., 2014, Extension

Figure 1 (above). Map of western Mexico showing the extent of the Sierra Madre BM100316-3 Tm  Cerocahui basalt ~ 23.59 0.13 0.81 Multigrain TH plateau (basalt)

|
3035000

20

|
3030000

Figure 4: *Ar/*’Ar age spectra for the three samples (C) Chepe ignimbrite (BM100309-1)
analyzed for this study. Ages of the samples (Table 1)

were determined by the multigrain incremental

heating (IH) plateau. (A) Whole rock (basalt) age of

23.59 + 0.81 Ma for the Cerocahui basalt, from the S0 A L MO ) N ' L , C.] mirez ;

top of Cerocahui basin stratigraphic section (Figs. 3B ' (embayed, to S5mm), biotite (to 2 mm), (embayed, to 5mm), biotite, hornblende, sanidine, ok S S e e SRS e T et a(;lfcfgjfg?“;;;gﬁnt%hﬁfjgﬁi};“;}’j;ﬁo“{’;ﬁﬁﬁ;ﬁfﬁ@ﬁigy
& 6). (B) Sanidine age of 27.46 + 0.30 Ma for the hornblende, sanidine, Fe-T'i oxides Fe-Ti oxides Figure 7 (above): Satellite image of the region between f ; = T hal Review, p. 1-25. doi: 10.1080/00206814.2014.941022.

—noad] T€Mmoris N Kilometers ‘ ‘

.. . . . I . . . o == o5 Swanson, E. R., Kempter, K. A., McDowell, F. W.; and McIntosh, W.
KM lgmml?rlte, near the tOP of the Parajes fOI‘II.IatIO.Il _ Tomochic and the Cerocahui basin area (red box indicates the ~—x 2 C., 2006, Major ignimbrites and voleanic centers of the Copper
—_+ raiiroad ® §s Sl G T o w0, 12 3 4 that underlies the western side of the Cerocahui basin

I:Iat_eal: age = 34.6824_;0.1027520:\/;7 o o . o o . location of Figur € 2), showing the maj or Villages and locatities of == e : : Can?fon area: A view into the core of Mexico's Sierra Madre
70000 7000 780000 6000 I 705000 (Figs. 3A & 5). (C) Sanidine age of 34.68 + 0.14 Ma - e o a1 characteristics moderate eutaxitic texture with 15% pink-orange be strongly welded and red; locally eutaxitic, with Divisadero & Vista tuff outcrops mentioned in the text. Inferred Occidental: Geosphere, v. 2, no. 3, p. 125-141.
Includes 92.4% of the 3°Ar

.. . 1 . 1 1C 1 1 Swanson, E. R., and McDowell, F. W., 1985, Geology and
I b Simolified eeologs fthe C b basin and the ad: for the Chepe ignimbrite, the oldest member of the flamme small white pumice; multiple cooling units locally caldera margins are shown as dashed yellow lines (locations and Elegrlcl)rceaﬁu(iaEZ:ierz .s tg:frr:exf?eosg g;ag ijnsifjv?iog;:cllt;z}zgtatlon of the " geochronology of the Tomochic caldera, Chziglzluahua, Mexico:
igure 2 (above). Simplified geologic map of the Cerocahui basin and the adjacent Parajes formation, which is exposed in a horst block . names after Swanson et al., 2006; Ferrari et al., 2007). grap ) & y

Geological Society of America Bulletin, v. 96, p. 1477-1482.
Guazapares Mining District region to the west (after Murray et al., 2014). 'The red box bounded by the La Escalera & Chapotillo faults — . "Murray et al. (2013); this study

Chepe ignimbrite' Vista tuff’

6 0 Plateau steps are magenta, rejected steps are cyan box heights are 1c

Age (method) 34.68 + 0.14 Ma (*Ar/*’Ar sanidine) 34.1 £ 0.9 Ma (K-Ar biotite, sanidine, plagioclase)

|
3025000

Outcrop Strongly welded with light red groundmass; ~ Moderately welded with light gray groundmass, can

|
3020000

E-to-N-dipping (to ~15° NE) Cerocahui basin alluvial deposits and Wark, D. A., Kempter, K. A., and McDowell, F. W., 1990, Evolution of

indicates the 1ocati0n Of Figure BA’ and the green bOX indicates the location Of Figure 3B (FlgS 3A & 5) OO 02 04 06 08 10 intel‘bedded 1gnimb1‘1tes below Conformable ncar ﬂﬂt‘l}’lng basalt lavas Waning subduction-related magmatism, northern Sierra Madre

2 ) ) ) . . Occidental, Mexico: Geological Society of America Bulletin, v.
Cumulative 3%Ar Fraction Swanson and McDowell (1985); Wark etal. (1990); Swanson et al. (2006); McDowell (2007) (after Murray et al., 2014). See Figure 3B for symbol explanation 102, p. 1555-1564.




