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Tectonics in the Death Valley area, California.

B ¥

Masanori Ozaki

Abstract: The (central) Death Valley developed in late Miocene through
Holocene as east-tilted half graben. There had been considable discussions re-
garding fault block movement for the basin subsidence of the Death Valley. They
are mainly classified into translation and rotation movement. Former produces a

pull-apart basin along an oblique segment of right stepping en echelon right-

lateral strike slip faults, latter results in a fault-angle basin accompanying imbri-
cate listric normal faults or detachment faults. COCORP deep seismic reflection
data in the vicinity of the Death Valley area, however, combined with the surface
geological data, reveal that the Death Valley has been formed by the result of the
simultaneous translation and rotation of the upper-crust fault blocks by large-
scale continental extension in the NW-SE direction.
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Death Valley i3 7 1) 7+ b = 7 {5 S &F,
Basin and Range HUK OB EER 2 E T 5 (5
1+ 2K). Pl % Panamint Range (&% /= I
Telescope peak M & i2#73367m) & Owlshead
Mts., R % Black Mts.(Amarugosa Range) i
BHF 7o dbdb A — RIS B 249 70km
OHETH H (BEEEE I -85m). Death Valley
V& 37 b3 i3 AL AL B A AR AR PR E ) O RS B L
e R PR ER O T AL, #H
EARRIILIES Ot - EHTEE STy
5.

Pull-apart basin & \»9) ¥ C ORBHLH
BOERA DX LE LTERIEEN, F0%
ORETHUTE I EGOMEIIREZLE
#45 %7z, L7 L, Basin and Range Hil% o ff
RAHEDHN DO T, Death Valley 2%l

i % pull-apart basin T & OFEEES
EREN, Bl TRRERBROMEETILO
METEROET T AL LT 5,
AETIE, Death Valley EEGROEET UL
ERIT, AR E S hETBE E ofTT
¥ % Basin and Range Buigi i B17 B A HEL fd
% (crustal pull-apart) 7 27 b+ = # 2 ¢ basin
RO & LT Death Valley #2841 5%,

Pull-apart basin DE

Death Valley D &L HEOHE L EH 5
iTh TV /2 (Gilbert, 1874 ; Noble, 1941 ;
King, 1959 ; Hunt & Mabey, 1966 % &%) 45,
Death Valley It T EBI- L - TEL
fpEGBILERE I N ERWIERLA-OR
Burchfiel & Stewart(1966) CH - 7=, HHTH
AL % 7R3 Furnace Creek W78 i & (Southern)
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#1E Death Valley R UFE DM O & 3 28R, Wik It Stwart (1983), Cemen et
al.(1985), Burchfiel{1989} %, HuJiL The Times atlas of the world (19854 FERR )
% s b L e,

Death Valley #f 8 5if @ [ 12 & - T Panamint
Range & Black Mts. O 7’0 v 7 Ad|Hf S 2
(pull-apart}) Z 22X s TR ENILEBL
(& 3@ B), #% T pull-apart &\ ZFRA{E
bh s, 4 H TV ) right steping en echelon
right-lateral strike-slip faults iZ X % pull-apat
basin T&h 5.

W U EEHA LT Hill & Troxel(1966) 4, 2 D@

BRSO E ZABOICE —
HENCHEMET AT L2 X 5T, Death Valley (2
BEr iz R 537 5 Turtleback surface Chaos,
Amargosa Thrust (B7EIS{KA FWRE) O#E D
BEEHRELZ(EIRA), £07HE, Mann et
al.(1983) & San Andreas BiBIEWV IZ5ET 2
pull-apart basin# @ 1 2 & L T Death Valley
FikoTnd.
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Tertlary Sedimentary rocks

. Cenozole Volcanlc rocks

. VYolcanic rocks less than 8 ma.

E Tertlary Plutonic rocks

Mesozoic Piutonlc rocks

Late Proterozolc and Palaorolc undlvided

Mid Proterozolc Grystalline Complex

%2 Death Valley RUTE DM tE LRI (Wright & Troxel, 1973) & COCORP buit
EHREENG S —12oNBR(HARFRA ITREIM S %77 ) (Serpa et al.,
1988). CC=69774E R MMO L (FHKE), MP=Mormon Point turtle back surface,
DVFZ = B #f Death Valley #f B %5, FCFZ = Furnace Creek i 78 #f, SFZ =
Sheephead BT . A-B=2 4 Mo HE MR,

Pul-apart basin (<Xt % B2

-—7F, Basin and Range Ui O EL 7 2 b
=7 AORRD 5, Death Valley 3K O W
BECLLIGEHHEERTH-T, REEE
pull-apart basin Tit A\ & OFIFEHRE £ <
Hot,

Wright & Troxel (1973) 1%, [ % ¥ W
H O IEWRE BT L - T Death Valley DL REE
BEHELL(E4E). L EEOESO
% CIMBELLT T, BT LRIl BIAM
#4 9, shallow-fault ERFEN /-, WIBEFIZ L -

THINLTOy 7 ITEA~ARE(HBLTE
b, mYltomBIIEEENIR L k5. BB
KO REFERTRRLTWAY, —H#il
TEHMBOELSknI TETAEHEE LS
Ty S E S 9 km D detachment (2§ 5
inbricated listric normal faults & Vi 72 b AT
Hb.

Eaton(1982 - 1984)i%, KEKiGEB 2 Hi 1%
7 O F — # H 5 Basin and Range b3 i3 #$r
PR gt i F Cid Farallon plate 47
¥ » va 2 & Bintra-are % L back-arc
spreading ¢ X o TR QS (R/AE @8Il
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W—mEHE T, [EHE TR 5
Ty 7-7%, I LARE L Pacific plate @
LLBEANDBEIO 2D, BDPT Y RAT+— 4Ll
£ % g o8 (/D F o 78 AL I — R
BIL A o7k EZ, Death Valley ¥ B H TR
WA IEWBR L 2R ED(ES
).

Stewart{1983}iX, Furnace Creck BiRgiFifi v
OB TNV TRELNERCEVEV(ES
)% &% 3, HAMRHEI Furnace Creek
BT RE A & Garlock Wi FH O & EB)IZ L -
T, Wernicke {1981) @ KB M3 D iR £ 77
(simple shear} 28Ul L 22 B A EEHF 0
detachment fault @ £ 3 L W8 R AHW S 1,
Black Mt. 7 01 v # & ¥ %2 » T v /2 Panamint
Range 7 T v 2 7 80km LW ~TITBE L A2 L
EZ, TOFEO 12Ok L L TDeath Valley
S AT RS FAS

Cemen et al.(1985)13, Furnace Creek BiZ4f
v oBERDOMERHE FORREIIETE,
DeathValley @ pull-apart basin 1% 12 bR 10
OEAME L ALAER O ERE I X B right-
stepping BMRIZ L - TH U A-FEEOERE T
LB LB TRM R S T

P!
i ml

‘;zﬁga

EREBB-BTIRNAELDEO NI
(EBatow, 1984). FlREE, AQEOEYI, LHIE.
Wik, HREoMESED, HELVEHLNTY
A, A #H W~ P (Robinson, 1970; Swan-
son et al., 1979; Zoback et al, 1981). B Fiil
~Bi7E( Zoback et al., 1981).
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A7 N TR F RO LA
ThEEEMEFNAE L > Yot 78y b
(Stwart, 1983). A-A'= AR OEHER Y (Smith
& Ketner, 1970), B-B' =P £ L EWEE (Smith,
1962), C-C'="F&# » 70 7 % Harkless £ )&
& Zabriskie H & O G HBE R (Stewart, 19671,
DD=THI > ¥YEORKEE DTG
(F.G. Poole, in Stewart et al., 1968}, E-E'= L
B4 v FE A RO 100m % EFE (Miller &
Walch, 1977), F-F= &% » 71 75
Zabriskie 3£ 41 ) 150m % /& 1 (Stewart, 1570
* -AEE), G-G =B R Z Stirling 13 5
(Stewart et al, 1970}, H-H'=F#i 3 2 v ¥
HOHE O MHFG. Poole, in Stewart et al.,
1968 # 5 E), I-T =L REFE-R
{Bohannon, 197%). SAF=San Andreas Bf/g,
GF = Garlock Bf &, FCFZ =Furnance Creek [
k8%, DVFZ=Death Valley Bf ¥, SF = Ste-
wart Valley B B, LVVSZ = Las Vegas Valley
SIRES, LMFS=Kake Mead W& F:.

FaEREEIC L S Death Valley i O i§
et 2

Serpa et al.{1988)i%, COCORP(The Consor-
tium for Continental Reflection Profiling) ) }th &
a7 — 7 ¥ BFOhRTCOMELHER %
HAEGHEALZ DL T, Death Valley OF
RABOBMTRATHAE2 - TH).

G O R AT A © Death Valley IO
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H7H

BT E R o SAT WA & B 5 B9 98 BT T (Serpa et al. 1988 Fig. 4 &
Fig, 11 & D). QYH#R 9, 100M5 ~20km DR OBERE7— 7 5 &
RSN B W (4 4 B (Wright & Troxel, 1973) % SB5L), (b)FBOH
B7y— 7 LENEHBREAORF I HEKS O N L EEE K, (¢)Death Valley
O RMES —12 DI & BFABCE EORSIFLEE).
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My ARSI ERR - - T 3 00 EHRIZ
Korah, LR o (BRE0~ 15km ) 3BT
BLrHEEIROONABR + R EH#Ro
MR ER AR, E(15~30km) X T RO
TR EREER, TH(30km~ )k L~ b
MWTEOERBIEFEEMRMENI{(ETH
b EI11H).

T HR O e A TR O CRPERTTE ) & AIZR1L
(FAEBREDAE R A MDD 3 km £ O EES
(% 7c+- 8+ 9 X)L, Burchfiel & Stewart
(1966) &% central Death Valley pull-apart basin
EL7oHIRIC—Rd 5. iR 9 OMm(E )
5 W A E A (GRER I SERt A T ) A
AR A DI LT, A O#E (% 9 K)
T THH kb, ZOMBIZIEE
~{HE) L 72 half graben SR ZEL TWL 2
LD LRI, ZHd, Mabey{1963)A7
— P —REOT—F 5, Death Valley DE#F
B BELER I m oFERBEHOME
ASHLFE L TV B half graben 233 5 L HEE
L7:Z &io—33 5 (45100).

FEMER O 15km L D VS OER T L1
BB ICBIT D event (A~F)(FE 7 ¢+ 8 -
OB (FHHE D SRS 6N 5 EBEOBEF 330
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HAE M OIREWIE & b AR (Serpa et al.,
1988 7 #Rs{k). QB HGYFEM OO EDOE
DB L, A-CHEANSR. ABUINRE R UH
MEOTEYRASEIHBEANORIN %,
PC-PZ I RE N TR B TS LIRS 7
VTR~ HEROERE (T ONEE, AL
HEBEEROS FRT.

2 Hldd3a o

WX

——-285
800 400 VP NO

O AR 1100 AT I & S B AR IR (Serpa et
al., 1988 % fiRE{Y). QB EGITEMDERE®
HBETONEL, Bl LAKAHEE T vk
(magma body ) (FZ X BRI ELTRT. KA#
BRI O K & 2 R, BRARILHTRS & K
ETEKY, EEHTEEARS ERT.

F10 A Death Vally DIEERE (VB8 R 5
FEBE U ¥ (Serpa et al, 1988). i3 b EuF
f&, WBA G iM% %+ (Wright & Troxel,
1973 % BB AMEIE). MEEBNOM VAR
Mabey{1963}4Z X % Smgal W% E H# +in1.
OL i3 Ow] Lake BFR§, MP it Mormon Point tur-
tle back Wi 7 ¥. A-DETEE.
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VIR THER SRR RETE SN LB
(B10[)) @A L, A half graben PUIZ 55
5 AL E T B E O listric fault, Bid
Panamint Range TH 4 B O MK - L4
SEPET AMBEIC—T 5. C 3 Panamint
Range & Owlshead Mts. % 7 i} % Wingate
Wash BB 1284 5. Death Valley #h3 T8
b VLR (#6975 15 O X (hawaiites)
DEAR2 EVPFIO c OWIBHNIZHERTE LE
104> % ), L& LERHGER TR GE 24 15km)
@ bright spot(FFHEML T w5 LEZ LN D
W) ~ELHE I EhS, CRvY T~
DR B> TVAEIENFEFERTHE
{de Voogd et al., 1986). D it Mabey{1963)H&E
DRE D SRS A R K E o
&, EidBlack Mts. DF# V5§ 5 ERT
&, FiX Wright et al.(1987)#% Death Valley #
Bk A2 LM E s A2
detachment D ZK CTdr % & Z 7 Sheephead B
B (E 2 D SFZ I —ET 5,

Panamint Range 7' 0 v & @ 3 4 {4 # 80 DL
DALEZ DV, EATER S 5 LLEiE
70y 7 iEHEHEE L T v /2 (Noble & Wright, 1954
: Wright & Troxel 1973) L £ 9 X 5 12 Black
Mts. 7T » 7 @ _F {218 3 Panamint Range A%
% o T 22 (Stewart, 1983 ; Wernicke, 1987a -
bl ) 20DFER )N 7. COCORP D
F—5hbihbMEY, Panamint 7H v 7 ®
@i &d 15kmB N, Stewart(1983)7°
HesE U7 detachment 12 & 2 Rk o E1L1E
i 543, F 72 Panamint & Black Mts. OO
Ho7a s 7 (L) T RO KB 3EE L
TWwh{ET7H)Z &H 5, Wright & Troxel
(1973) W@ 79 » 712 & % detachment £ F
VA% 4 M)A COCORP D F — ¥ 2l b & ¥
A

LLEDZ & 55 Serpa et al. (1988} 12, H~
fE# 4 % pliEsEd) & L ilF~ o #3802 >0
EE)OM A X 5 T Death Valley O #5513
Wonk S SR (81 - 12). $4b
+, [O] 4z 7 &) i L - T Panamint Range &
Owlshead Mts. 71 » # #*Black Mts. 782 » &

VI L CHD YIS~ 2800 (R) L, Black Mts.
FEROREAVICER T BRI E T 2
D EBY X Gartock BB O Y (48 ~64km A A
F°#){Davis & Burchfiel, 1973)77 A % (F—
B 5. bt~ #EIC L SRR (T)E,
Wingate Wash Bff@ 3 4 ok ®E — Bt mo
RE T I D 5E TR SR, Furnace Creek
Wi A 0 FE Y (40-100km D F T 40 (Stwart,
198312 —3 ¥ 4. %72, Panamint Range 71 v
2 8 Owlshead Mts. 70 » Z LN D = &4
& - T, Owlshead Mts. & Black Mts. 7l » 7
EDOMICHB B ICAHEBE TR TR AE L
(southern)Death Valley Wi ¢ { 8 km LL T O F
T ) (Stwart, 1983) SR S iz,

LAE® X512, Death Valley OFEH A 1 = A
b LT, ThITikEtranslation) T2 b5
parallel strike-slip fault @ right stepping i~ & -
TH U7 W5RAHIE & L T pull-apart basin &,
[l &z (rotation ) 72 4> % detachment ([CIRE T 4

LINE 1

LINE @

Basalt flows ~ [T Mo
Basait cinder cons
~.T Mo

Turtieback
fauit zore
LIRE Il
Centra!
Death valley
Bosin

Southern Death Vallay
fault zone

Gariock tault zons

113 95 Death Valley RO 70 » 7 ¥4 ¥ &
7 A {Serpa et al, 1988), HiEik LKk OHE
T -y ORAGEC LD ELMBOMEE
RSB . MG R UTS R
B, B SkmthEo@EEEESND
magma plumbing system %, HFEDHE X1
¥ #i>7. B=Black Mts., P=Panamine Range,
O=0wishead Mts..
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i GARLOCK —

#1214 Death Valley #biiZ BITHUMFE 711 7
B DIET(Serpa et al., 1988}, A3 L EFIILHE 4
DU LT LRI BET— YD HEH)
HEERET. RGHRE 7Dy 2 OEigic L 48
%, TREER YO 70l L DE s,
RET R IZERC » - s EEDHES b
Lo ERA Y. KA S ENEE IR ORE
BI~TUEXTAENOERIHHESND
Wik~ » 7 EBIDHEE T

AEY 4 4% 9 listric ZAEWTRERELD L 2 B IR E
HEvI 2o0EZFNEH 7 L, HE
FEHET — # ¥ A0 E 7~ & 2 0E
VoA R, IRt L [lEeEEAtRERL, T4adb
+ Furnace Creek T8 & Garlock BT HIIZ X

% non-parallel strike-slip system ¢ pull-apart
basin & L THER IR bDEFEFITITb /.

Basin and Range IO R T 7 b =9 A &
Death Valley

Death Valley & # # 18 C $£ 2& @ pull-apart
basin & L T4, Death Valley A IZHERETH

(#1 8 km) ¢ Hanter Mountain K& - X 2 it
pull-apart basin T# % Panamint Valley( 6 — 9
km DHERATEZ® 5N 5 ) & Saline Valley 5%
H(3 - AMallBOERLEZ LN TWES)
(Burchfiel et al, 1987)($ 1 #). L»L, h
& 3 @ pull-apart basin & Death Valley & [6] £
Basin and Range k7 & b =72, T4 h
b o I 5 B LR o0 b Bt S (5 S ) 15km ) 12
BiYD, W —EEA A EAEIC DA D
{haR b crustal extensin) & L TR MAIEMIEAE &
By EEPRTT L THET 5 crustal
fragmentation D EIRBIBMRIZ L3 Ehwn
# z 5TV S (Burchfiel et al, 19897 &°).

Holm & Wernicke(1989) 2, Death Valley P4
{1 &> Black Mt. {3 #17% % & 10 — 30km O & ) i
MAENLTWDEHEELA. #HiZ, Asmer
om et al {(1990) S EME XA PO Fo ol
A0, Black Mt. 7R v 7 DHEICENT A5
#% & (Willow Spring Diorite) {72 TH# > 7
YT EELI LN TWA) TP HBHES T
12Ma B~ > M VBRED 7 7~ RO E D
REIZ L > TR SN, Black Mt #1550 7’11 »
gOEHICE ST EMaLIBEIRICEL LD
DTHHIEEFHL L A(FEIBR).
Asmerom et al.{1990) ORI [ &, IFRik=ES)
8 o TR EEATT A & L ChiE A
L, & & R A E R R
SHEAER SN D chaos % KW S/ L8
RENTnD,

Basin and Range HuddiZ ({05 1E BT A3 <
BETLHIZ WO T, BEMELRLIRY
FHAOIERRE LABfFcaLy., Zhizdt s
W77 b2y AOEF AN INT THONE
AWM IR THED, 9 LA-FET Asmerom et
al. (1990) O BT id Buck (1988) O /4 1F kg
BEEEFVIZEELTEY, KEOMET 2 b
Z 7 A% E L L ETDeath Valley 2 B O+
VT4 =NV FEE 5T b,

Bhhic

ZOLE 2 1980EE OIS TOMNEID
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volcanics

r— Future Black Mountains and Amargosa chaos

A 0
Arbitrary mid-crustal datum
12 Ma g Y
—20
: . " Moho .
——_-_-——-_-—-— — A om— 40 0 20 40 km
chaos Black Mtns, Spring Mtns.

B "’:“‘/ - o

4 Ma BN

Major addition of juvenita magma? "'--...

‘iEE:;'__Tff"m

S Intracruslal flow?

*lag

135 (A)Black Mt. 770 » & O HEE LART o048 KO (o o3f ik o0 8 B LT PR A AR &
hTwd)k, (B)RKHBAMERIZES 70 2 OIFE ORB (M#EHEEFIRE D
EF L T E A o THEE W OB B AV detachment 20 65 L T D LiF /4
(stranding)# %, EHEMOEEBIZH - THEELALHBNTEL). ALBOT
BB OFROBCEHER O 7O NS B EADO TR ORENC

L o THWEN S (Buck, 1989).

FORBRINHLEMATI EDLDT
& A, 4@ pull-apart basin DILEB & L T
Death Valley ##4r LI 2 ¢ LA-LDTH S
A%, BAE T35 @ pull-apart basin & (X% %
LRTE 6 THRERESOBERE L LT
LL&EFELTWwivA, pull-apart basin D7
Tr2 7 ARREGBMATEL T LYY
BArLERMIE TV AW, BAETTEV:
MEBREOH A CEHLET.
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