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Tertiary structural development of selected valleys based on seismic data:
Basin and Range province, northeastern Nevada

By I. ErriMorF AND A. R. PINEZICH
Shell Oil Company, P.O. Box 831, Houston, Texas 77001, U.S.A.

[Pullouts 1-6]

Reflexion seismic data in Railroad, Diamond, Mary’s River and Goshute Valleys
provide information on their structural development that cannot be deduced solely
from outcrop and well data.

These valleys contain Tertiary sediments that, in dip section, define an asymmetri-
cal basin bounded along the eastern flank by a major listric normal fault with about
3.0-4.5 km of displacement. The west flank is defined by a gentle east-dipping ramp.
Seismically the trace of the listric fault is interpreted to dip westward and sole into the
Palaeozoic section exploiting regionally recognized Mesozoic décollement surfaces.
The Tertiary depocentre, adjacent to this fault, shifted from west to east with con-
tinued slippage through time, the greatest movement occurring in the Miocene and
post-Miocene. In the strike direction, the valleys are separated into at least two sub-
basins by an east—west structurally high axis. The axis is postulated to be the result of a
tear fault associated with movement along the listric normal fault.

Tertiary stratigraphy varies between valleys and between sub-basins in a given val-
ley. All the valleys contain Miocene and younger rocks; however, not all sub-basins
contain the pre-Miocene section, suggesting a complex scheme of structural develop-
ment.

INTRODUCTION

The purpose of this study is to demonstrate the similarities and differences in the Tertiary
structural development of selected valleys (basins) in the Basin and Range province of north-
eastern Nevada (figure 1). Railroad, Diamond, Mary’s River and Goshute Valleys were chosen
as examples for this study because of the availability of abundant geophysical and geological
data. Integration of Common Depth Point seismic reflexion profiles with outcrop and well
information allowed us to document the structural development of the valleys. Seismic data
provide subsurface structural information that cannot be obtained from the latter two sources.

A number of recent publications are devoted to the geological-geophysical framework and
the regional tectonic significance of the Basin and Range province of the western United States
(Newman & Goode 1979; Smith & Eaton 1978; Armentrout ¢t al. 1979), with particularly
comprehensive overviews being provided by Eaton (1979) and Stewart (1978). There is general
agreement that the present physiographic configuration of the province is the result of Caino-
zoic extensional deformation and that the precise timing of this deformation may be different
for different sections of the province.

Two general models for basin and range structural development have been proposed in the
literature and are illustrated in figure 2, which is modified after Stewart (1978). The first model
relates to curving, downward flattening normal (listric) faults where the uptilted part of a
block forms the range and the downtilted part forms the valley. The second model consists of
horsts and grabens that form ranges and valleys, respectively. The structures observed in the
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four valleys chosen for this study favour the first model over the second. However, certain minor
elements of the second model can be observed.

Listric faults in other geological provinces have been identified by using seismic reflexion data.
Of particular note are papers by Bally et al. (1966) and Lowell ¢t al. (1975).
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RAILROAD VALLEY

Railroad Valley is geologically one of the most extensively studied and best understood basins
in Nevada owing to the petroleum industry’s activity in that valley for over 30 years. Numerous
wells have been drilled and many seismic and other geophysical surveys have been conducted
in the exploration-production process. Currently it is the only valley in Nevada with oil
production; namely, Eagle Springs and Trap Springs fields (Bortz & Murray ig79; Duey
1979)-

The interpretation of the seismic dip profile for Railroad Valley presented in figure 3, pullout
1, is the result of integrating all pertinent well and outcrop data in addition to gravity with the
seismic data. The seimic profile is representative of all of Railroad Valley in terms of its struc-
tural geometry and stratigraphy. The generalized Tertiary stratigraphy of Railroad Valley is
shown on figure 4.
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The Tertiary sediments in Railroad Valley define an asymmetrical basin bounded on the
east by a listric fault along which the Palaeozoic is displaced 4.5 km feet vertically. The listric
fault grades downdip into a more prominent west-dipping, low-angle plane, and can be
traced only to about the middle of the profile. To the east the décollement surface into which
the low-angle listric fault appears to sole continues beneath the Grant Range, which flanks
the valley. This surface has not been observed in the outcrop of the Grant Range (Kirkpatrick
1960), but it can be postulated that the seismic reflexion into which the listric fault soles is the
Mississippian Chainman shale. The Chainman has been observed in what may be considered a
foot wall position of the valley during the development drilling at Eagle Springs field (Bortz &
Murray 1979).
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F1cure 4. Generalized type section for the Tertiary in Railroad Valley. Horse Camp Group: fluvial and lacustrine

clastics; Garrett Ranch formation: ignimbrites, volcanoclastics and some rhyolitic-dacitic flows; Sheep Pass
formation: lacustrine carbonates and shales with minor clastic components.

The western flank of the Tertiary basin is defined by a gently eastward-dipping ramp and is
considered to be the hanging wall of the low-angle, westward-dipping listric fault. In the
hanging wall, Palaeozoic units extend approximately over the western two-thirds of the valley
and lower Tertiary units extend over the remaining eastern third. The foot wall consists
exclusively of Palaeozoic units. The geometric relation of the Tertiary units to the listric fault
suggest that the basin may have been initiated by extension in lower Tertiary time since
the Lower Tertiary directly overlies the listric fault along the eastern flank of the basin. This
observation is supported by detailed stratigraphic studies of the late Cretaceous (?) to early
Oligocene Sheep Pass formation which overlies the Palacozoic across an uncomformity (Bortz &
Murray 1979) ; Fouch 1977, 1979; Winfrey 1960; Newman 1979) and from regional studies of

Tertiary lacustrine sediments (MacDonald 1976).
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Effimoff & Pinezich, pullout 1

Eagle Springs
field projected Grant

g :”Jil i

L e
R e
= y

- ﬁ"". }' Yo ”%ﬁﬁL

=
g 6t 5
G v e s Y g
s

- e
; - rﬂwpn
St

), ‘s -
A

Ol

B e

s pdasnreluddle ere b N e b it
ks e T
=

e T I
——— T

St L TN NS e e ety

e R e
ke N T o P
o o2 z

ik

oy

road Valley. Data are 12-fold coverage, stacked, migrated and with
ed. Maximum thickness of Tertiary is about 4.5 km.

(Facing p. 438)



‘unf G1°¢ INOqeE ST A1enJ4a], jo m,ﬁsﬂumﬁ wnurxely “patidde soness onewoine
M pue pareaSiw ‘paxoe)s 98e10400 ploj-gT d1e Ble(] *AS[[RA pPUOwWel( uIayiiou 10§ Ajyoid dip onwusdG ¢ TANOIY

N R s N
"~ A Y o vy o Mo
: R

A

cl puourel(f

g mojpnd “yozowrg p fJouslfyy

s/owiny Aem-om)

-
z

3

1

z

&
<
c.
3

o
S
w

R X
oy I\de.ﬂwn.. 2
sguudg anjng M

008 awnjoa “y "puoT "0 "y “SUDLJ “JJ



two-way time/s

two-way time/s -

Phil. Trans. R. Soc. Lond. A, volume 300

Sulfur Springs

S
e

=
NN e oSt v
.y._,_:dx‘;;: )

R

e
A e

A T T
A s s (e &=

e
i >
?'&u-,s&-m;k fi : = ,}»\\L
o, ¢

).:-v ISR

e e DI e, %%‘

2w
o R TN
PRI

< S ”'\\N»:M&}ayf Wm‘ﬁ
AN Bl

FiGure 5. Seismic dip profile for northern Diamond Valley. C
automatic statics applied. Maximum thick



Effimoff & Pinezich, pullout 2

Diamond E

A el P
APV LGAIINNNNA
) P ) o
N N e
S menu Salieig
j=aZ ool Mo By
P T T N N T
A e
e i et

T oy,
i
AR

NI
o WL
ORI

Valley. Data are 12-fold coverage, stacked, migrated and with
num thickness of Tertiary is about 3.15 km.



‘ury{ g INOqE SI () SN02JLIAIY) PUE AIBNIAT, JO SSIUNOIY] Ezﬁﬂnmu\.m *paI12402a1 sarouanbary ySry
pue parjdde sonels onewome YIIm ‘paxdels a8eIaa0d Ploj-gT e Ble(] "A9|[eA puowel(] wIdyinos 10§ siyoid dip onwspg *9 adcory

wyyg g

N SRR

{ A $ AT p S LR T N S i A o A A T AT o
NN 2 . ST
KV§ S y i : Al : A - e ﬁ o b o
N , 7 = X
ooy .

“sfown kem-om)

,{ %
Y - :
walt A, &
N .u %
¢
3
A S ) (f(\
| B .
7
1 8
. ¢ Vg, e
) o ’
v R . b "
A ] gy "
X/ h»
| ooy e~
e - —
. e O s
ol
e 7 A~ A u&‘.
" A
A
7 A PN NN N SNl s . YR
S - Q) N o > o ° ) A
WS 3 ! o edaie N
YW
} 9 il “
v, yw )
v, AN J
: AMIU? o’ Y o 0 o, $
t Ly
Y o ", & G c«% i, 0 .
" 0
0 Y 0 . e
Py o A .M
o ) . e & o
! ) 0 Yo A 4 £
A ,M
. W o h
) % 4 =
D o .m.
- : : =
Ny A 7 .
v v T
)
/ J f ! \) \
' Ay \
NG b :
Y o
T) J ) 5 W A %
J 7 NG X A.A‘ )
A. v - » -
. ; v S " . ; £d v S
N s ~ A v\ A ~ R
l‘u.riﬂi?} A AT ”4”1”.41«”1” bl”l"ii‘.(“l”{”{”{”‘”‘} 1”1”1"1)‘”1” H‘»{P{L. AANAAAN VAN X N TNV
o W e e AALAS WAANAAAI VN NPT T VT WP - - e
. -0 -
aduey R auey o
a€ puowelq 7 s3uudg anjmg UM
€ mopnd ‘ynzowrg P foully | :

| : 00§ awmjon °y "puoT 0§ Y “SUDLL 1T



Phil. Trans. R. Soc. Lond. A, volume 300 N

W

two-way time/s

two-way time/s -

Sulfur Sprmgs o
Range
) 0- ” N A <
. ". ...
. A A ’ ‘4
SN AT
1 AN YA
v ‘ . . o Q
P 5 '\
) “ : :
" .'“ A s 8l M
2 ;
2 o
' " ”q
(A / ' (o, u\
3 : :
\ Y
r . ; s
p:~ ' o ‘ A /A Ay & o
v M’fw N VAN dpe PN A AN
e - %, ‘.g ; l“‘h u‘
e S alain O/ e AL
N =
RN & e
PR s, Re e
e ERNRAR R e i >
v AR A U R U N
2 SR s NN 0 : s%i AN
St % A :% ; o- it % RSy s gw\»,
N £ % e ‘; d '?f“ oty N M'M
o A -

7 ""'\'.;

W

e »

4 e % 0
z\:\:"" ) iy
Ax .‘ (N VY >

5".1’\ n}.n Al f% XtV

&a*"

FiGurE 6. Seismic dip profile for southern Diamond Valley. Dat:
high frequencies recovered. Maximum thicknes:



VAAAAAAAAAAAAAAAAAA/RN /A
VAAVAAVAVA A AV AV A A ARy iAy 0 -
' %
»
aing
(A
A
VY oy, An
v A 2 2
A,
a ‘
0 "»
M‘ e
; ol
(o A )
%":« z oy
R A A e o e NN R e PRI SR o
et
" A / ¥ o e
e o Py,
it ok N
e P oy YL A "
Ay Pt yr
'
i @ )
: iy
o,
»
N % , : 7
e \ ‘
: 45D - &
» o . i ; &
, A
= R & :
: A ' %
2 ‘ . % #
o " 5 W »
™ LN Wl Ny o a._.}é&\u.‘ a;;}‘: M‘f»‘“&. W U N ol o
: O L |

)

Effimoff & Pinezich, pullout 3

Diamond E
Range
v
".« ) "
2 8
)
0 A
A :
A
e y
) ) 4
> " 9 A
AR

. 24 km

v are 12-fold coverage, stacked, with automatic statics applied and

s of Tertiary and Cretaceous (?) is about 4.5 km.



parjdde sonyels onewone YIIM pue pasoels 98eIoA0d ploj-g] I BIg(] "sulseq juddelpe 9y3 ul sjiun
orydesSnens ur sOOUAIIYIP pue SIXe Is1oAsuer) Sunensnjr A9[[e puourel] Iof d[yoid o3yLs OTWSIOS *f, FTANDIT

e i o o U e o ot e R, 3 o R S AT s ﬂ;%mmmhkl SR Y oy % ‘ ; R B e 5 ror? T e ] wr; )
A 3 e % - o LS S k 3 ’ % g 2 iR i T < e e ot

i ~ A e o oty ot D Sl e . oo & e o ~, i

- - o TR I ey

! 3 % . ot e K sl (gf%rg gy &wu‘uhuwi VA i ; 2
L S S B s e D S S S e S e T o : :
Al o, K o I e I AR e o o LN — o et e L e A S ALY 2 B s ; K, e e ; . % - -

o 3 iy e e 5 Ay e > : 2 1 _ ShTreL

v S -, N

: fmﬂﬂ.ﬁlal o) o
N ‘ﬂzﬂl Sengia! ut R S
e

Vi
e e

S .m%{%
D e it et . R o', syt WS
e e - i st - -
, TR : Y Sl : e e e sﬂxi.l.&rn,lv

o ...
S
A -

s/owny Aem-om)

e S e s g e S e L e =
R e R T S e e S e T T AR T
P e = ™ A e e o e, B!
o P R N N SR e

; SRSA R ) . :

= 2 RS N ,:...mm( 3 S e e N
e s : e A AR AT Bl : N N Tt

o SRR e s Al e e Bl ) 2 0

_____
TR AT e F

MMMMM

i

N U3JI0N AS[[BA puowrelq : .
- 00g aunjon 7 “puo 90§ Y “SUnAL “1Yd

v moynd “yuzourd P Jouslfiy

s/own Aem-omy-



two-way time/s

two-way time/s

Phil. Trans. R. Soc. Lond. A, volume 300
S ~ Diamond Valley South

0 f e
A A S

Y L Ny, .,
o e o

oo
T

D ]

e oW i i .
L““:J'”“‘L‘uum‘mw.m”‘“-ﬂ“h e

i et
s

yoomettl]

e e — MIQ”“-—:"'-:H%W"W i M e

R s e e e s S e Y

2 e e iR == el
e ‘ ORI

o ot i,

Rt Ll

e
e ’

N‘h" o™ i lj".'h‘fﬂ‘

I st fpmg e 0

”ML‘Z"‘.,U‘:’ |

(e

“‘w

o

s -
el il e . e Ty
f‘,»‘fu'f‘ e el " oy - Ay, " 1’“‘“"“@%‘"("‘114‘ il
T s , et AN T e St vl
Mﬁﬂf}?ﬁ;"‘-‘“«w T et e e ety g
i e Ao e et o R . "
- B = iy
it " o it
e, ol il
gy 6w i e ot el
(i o gt i el
A el o i

i
b
iR

A
A
i

§*.:%1‘v&"5§

& i iy
e s e,
T e ¥ e

e

e e ek S
S

- : i s g By fi .

SiEaemer e

m A —— .
i

o,
o

> e
:&w MM;,,:;.:

4
e
@W,- ”

3=

A
&
=
X
x". 4

: x{ 7.
i
i

ROAALES )

» Fomy et s Sy
Ko "’&W&w, R
v T

> (o i i

Fict



w“:- — HM‘ R g g S e e
ol 2l w;* A il Fooges A, T ‘ T ‘ 2
] : i e - -
2 & [ = \r AT . ,
- 7 e '
= 0 : A ‘"‘ A
2 AT M’
-\‘mwr. ) = R
= Wu.;u:ww ,.._(:""-“‘-’ ‘r-
= ‘ oo
: w.m‘-mn,mﬁ;‘.m e
e e
e
o ‘ (i
" ”,wnmw.r“ it
e e W
et m—-?.n‘ﬂrlmmmmﬂ,u

—— Sl im—— L
“'mwmm_,_ww:,-———wu———.——m—
W‘WMlmnm s
- e L L
e S —
M:::juummu o
--« e
e 0 ".‘

i
4 <
T ——
v o i
e e
i “‘“mnnnmm.w“‘“"‘"”“‘“““ (1
— oo 1|n—;;«r”;mum.-.~._ _nm.n..nu..

o
m,ﬂu W”I'J,‘ eyt
.n...'l ,Evm‘nr'w R oy
Tt - ) :
i d 2 n,).:"“'N:’-a—-—--n—--—-—u‘.'"P -
e S e
o ——— .n
pr—— ._-41""-«;\\ e — ‘-—arl-
,_.Au..‘lk \\.wmw:"
i el

i
i e
W“.-hm
-~y p—— oLty ”l"“h..l
oy i “'mr ‘~""I:.1Mm.""“'—“"'“~... ey
E— m......h.,,..‘ i oo ‘u""
= mz_ ‘,,,‘ .....1-..-—__ S "w "
S S S i o S :c.{"‘*\\“wc 73:5--«
: k..u..,, 5 X )
g i i » .aq. -~ muhu
.,”_H:;h i
i “
.:;*v-"'""‘wm ,;s,"':“ il i e
. e R o o
b Koo
'w e e e, i Rl
X . ‘,...wm-mu. 2 A o L
.p et i vy oy et ey i
IR e e *"‘*«iff?-aw.‘w. v:..nm—-m“ o
s «-‘w-nm*""m R e R
4-\ . Mgl e
B A A -..‘4 >
X L BN T oy
ates A o A ot
M‘”""’*‘“ﬁ" & o A ‘,y-v‘f
\;,.., s f
(W, \»-" -M‘ A“"‘:"""

m‘
g,

it Mo 5
urktg‘,-‘n...mx"'u'»’*wb"’

Ty
o l«':."""m:'f"l,
b

i, Lr oot
i
e g el
":a,un -'-n‘]’ji'. oy
e ST e
A
e A
Bl o -f'“ ~‘"-T"~:?’ " i
~ e i m ) M;«m
il : S

i ‘,z«.,w ;

JRE 7. Seismic strike profile for Diamond Valley illustrating transverse axis and differences in stratigr
units in the adjacent basins. Data are 12-fold coverage, stacked and with automatic statics applied



i u
T

e
m

o
"

o

&
M« ey
ey ‘.’t‘-v“r' )
et ity

el
{m o ,
e

gl
o
o w‘,\" i

bl it

il el
Mum.';u ot il
i

ik

RS e, _ Mﬁf; ‘ iwmw;;u;:

Effimoff & Pinezich, pullout 4

Diamond Valley North N

“m
m..‘?w

Rty

e s ™
g Zr ot

o

Lw"‘.nm.....

bt i

it

1w

i

o W KL
it -m}ww\’”’
g

| i
ﬂ‘m,maw««mfw«. f ~;,
] C"";Lw"'"“
st i

'M

L

i3k

e v ;
iy m.ﬂt‘ e i wﬂuu e ur
w-'"n """‘"memu]wvhw'}”rmﬂ“ f
»«nmmr",.wmmrmwmw
S
it i

et

Hm..

byl
l’ W-
il

R 2
e O f”* i
My "4 L, Il

s _-ﬂmﬂuu;.:'mv

~’Jm
et

‘v*\‘.p
h iy
g AT :'\m"“

‘

bt o

(M o i

! m ! mm;gk;wﬂm :u‘,,w:w i ﬁ‘;u

y i

o rwlwm i “:",,ﬂuw 0 % Wu'.

P I«L !M L"r 4#«4 il Mu
o

”m'” mw“~ =
Sl

ﬂwmm- e i
E r Mm“r & “f:fai ﬁww M
“mh“ﬂ. ‘4 dreoe w,'i: it
Ly “‘W‘""" R

w,j‘;l,, el \‘
uL.f,,w‘.mm"'&w, X ’ M ? i
i ”ﬁ \umrar‘ﬂhwlmﬁ
M’-WL«E ﬂ w,w
WWW " ﬁﬁ
3o

N
W‘""

aphic




SEISMIC DATA ON STRUCTURAL DEVELOPMENT 439

Basin development progressed at a more accelerated rate during upper Tertiary (Miocene
and post-Miocene) time as evidenced by the thickness of this unit which comprises the bulk of
the Tertiary section in the valley. The depocentre of each seismically discernible upper Tertiary
unit migrates from west to east as slippage occurred along the low-angle listric fault. Some minor
normal faulting affecting lower units of the upper Tertiary, the lower Tertiary, and Palaeozoic
units in the hanging wall is interpreted to have occurred in early upper Tertiary time. The minor
faulting in the eastern half of the basin is observed to sole into the low-angle listric fault. In the
western half of the basin, the minor faults cannot be directly traced into the listric fault because
of poor data quality. However, it is expected that the western minor normal faults behave as
their eastern counterparts and also sole into the listric fault.

The seismic dip profile in figure 3 and a number of the elements covered in the description
of Railroad Valley can be considered typical of most, but not all, valleys in northeastern Nevada.
The four most salient attributes are listed.

1. A westward-dipping listric fault bounds the valley to the east.

2. A gentle eastward-dipping western flank of the basin is in a hanging wall relation to the
listric fault. :

3. The basin is asymmetric as defined by the Tertiary sediments with its depocentre adjacent
to the listric fault. ,

4. The upper Tertiary (Miocene and post-Miocene) depocentres migrate from west to east’
through time in response to movement along the listric fault.

DiaAMOND VALLEY

Interpretation of the seismic profiles at Diamond Valley is based primarily on the seismic
character of reflexion packages that can be correlated with stratigraphic units in adjacent
valleys where both well and seismic data exist. Outcrop data were also used in interpretation
of the seismic profiles. Stratigraphic control for the Tertiary section at Diamond Valley is
virtually non-existent as the only well drilled in the basin at the time of this study penetrated
an anomalous unit and therefore cannot be used for correlation.

The seismic dip profiles across northern Diamond Valley and southern Diamond Valley
(figures 5 and 6, pullouts 2 and 3, respectively) indicate a general similarity to the seismic dip
profile across Railroad Valley (figure 3). Furthermore, thereis a similarity in the overall
thickness of the Tertiary package which ranges from about 3.0-4.5 km. In terms of the four
salient attributes listed in the previous section, northern Diamond Valley is more similar to
Railroad Valley than it is to southern Diamond Valley. Quality seismic data are difficult to
obtain along the eastern flank of Diamond Valley owing to the presence of thick alluvial fans
and slumps; the seismic reflexion generated by the listric fault is thus partly downgraded by
noise.

Dissimilarities between the northern and southern Diamond Valley exist primarily in the
timing and /or rate of deformation, as well as its inferred depositional history. Southern Diamond
Valley (figure 6) contains a thinner upper Tertiary unit, a thicker lower Tertiary unit, and
possibly even a Cretaceous unit. The Cretaceous unit possibly present in southern Diamond
Valley may be the Newark Canyon Series observed in the outcrop of the Diamond Range,
which flanks the valley to the east. It is suggested that during Cretaceous time the area occupied
by southern Diamond Valley was structurally lower than northern Diamond Valley and thus
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received Newark Canyon Sediments. The lower Tertiary unit in southern Diamond Valley was
deposited in a more deformed basin than the same unit in northern Diamond Valley based on
its thickness variations. This suggests an earlier episode of basin formation or a more rapid
history of basin subsidence in the south than in the north. The upper Tertiary units in northern
Diamond Valley are much thicker than to the south during that time.

The differing behaviour of the northern and southern portions of Diamond Valley is shown
in figure 7, pullout 4, which is a north-south seismic strike profile. The most prominent feature
on the profile is the large mass of Palaeozoic located approximately to the left of centre on the
figure. In three dimensions, this Palaeozoic mass is mapped as an east-west axis separating
Diamond Valley into two distinct sub-basins with different timing and /or rate of deformation as
well as differing stratigraphy. The origin of the axis is postulated to be the result of a tear fault
associated with the differential movement along the westward-dipping listric fault which, asin
Railroad Valley, probably utilized décollement surfaces within the Palaecozoic sedimentary
section. Differences in the timing and/or rate of movement of the listric fault caused the
Palaeozic units in the hanging wall along the tear fault to deform almost chaotically. At the
time of this study, the only well in Diamond Valley, the Shell Diamond Valley no. 1, drilled
in 1956, penetrated the axis and recovered brecciated, chloritized Palaeozoic rocks suggestive
of a shear zone. ‘

Transverse elements, as described in Diamond Valley, can be documented for other valleys
in northeast Nevada with sufficient geological and geophysical data; however, the subsurface
structural relief of the axes varies from valley to valley. Probably in most cases, the deforma-
tional history of each sub-basin within any given valley will be different.

MARY’s R1vER VALLEY

The seismic dip profile for Mary’s River Valley exhibits all the four salient attributes of
valleys in northeastern Nevada summarized in the section on Railroad Valley. The factor that
sets this valley apart from those previously discussed is that the westward-dipping listric fault
appears to sole in a mylonitic crystalline rock at the base of the unmetamorphosed Palaeozoic
sedimentary section rather than into décollement surfaces within the Palaeozoic sedimentary
section. The description and possible origin for the mylonite zone are discussed by Misch (1960)
and Snelson (1957). The zone crops out in the Ruby and East Humboldt Ranges that bound
Mary’s River Valley to the eastand can be correlated into the seismic profile in the valley (figure 8,
pullout 5). Stratigraphic control for interpreting the seismic profile in figure 8 was obtained
from well data available updip on the western flank of the basin and outcrop information
(Howard 1971 ; Stewart & Carlson 1978). The absence of good reflectors prevents the separa-
tion of the lower Tertiary from the Palaeozoic units in the hanging wall and thus details on the
time of basin development initiation are absent. It also precludes the seismic determination of
the total Tertiary thickness. Magnetotelluric and gravity surveys, however, suggest a maximum
depth to top Palaeozoic of 2.4 km.

Minor normal faulting observed in Mary’s River Valley is of a much younger age (upper and
post-Miocene) than in the other valleys discussed. In the other valleys, the upper Tertiary is
virtually unfaulted. The minor faults in Mary’s River Valley sole into the low-angle listric
fault as observed in Railroad Valley (figure 3).
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GOSHUTE VALLEY

Goshute Valley (figure 9, pullout 6) is similar to other valleys discussed based on the four
attributes of these valleys previously summarized. The lower Tertiary present in all the other
valleys discussed is absent at Goshute Valley. A well drilled in the centre of the basin encoun-
tered upper Tertiary units directly overlying the Palaeozoic. It is therefore suggested that the
area in which this valley was located was structurally positive during lower Tertiary time and
may even have served as a source for clastics to the adjacent areas. Goshute Valley did not
become a basin until upper Tertiary time, when it accumulated about 2.7 km of sediments.

CONCLUSION

Railroad, Diamond, Mary’s River and Goshute Valleys in the Basin and Range province of
northeastern Nevada were studied to establish similarities and differences in their Tertiary
structural development. Documentation for the study was provided by integrating seismic data
with well and outcrop information. :

All the valleys studied contain a Tertiary section which, in dip section, defines an asymmetri-
cal basin bounded on the east flank by a major listric fault. Displacement along the listric fault
varies from valley to valley but is usually 8 km with a range of 2.4 to 4.5 km. The western flank
of the basin is defined by a gently eastward-dipping ramp. Seismically, the trace of the westward
dipping listric fault is generally interpreted to sole into décollement surfaces in the Palaeozoic
sedimentary section or locally into a mylonite zone at the base of the unmetamorphosed
Palaeozoic sedimentary section. The stratigraphic position of the décollement surfaces utilized
by the listric fault cannot be established in every valley. The Tertiary depocentre adjacent to the
bounding fault shifted from west to east with continued slippage on the listric fault through time.
The greatest rate of movement along the listric fault generally occurred in upper Tertiary
(Miocene and post-Miocene) time; however, basin formation in most but not all valleys was
initiated in lower Tertiary time. :

In the strike direction, the valleys are usually separated into two sub-basins by an east-west
structurally high axis. The trend is postulated to be the result of a tear fault system in the hang-
ing wall associated with differential movement along portions of the listric normal fault.

Thickness in Tertiary stratigraphic units vary between valleys and between sub-basins in a
given valley. All valleys contain upper Tertiary rocks; however, not all sub-basins contain the
lower Tertiary section, suggesting a complex scheme of structural development in this small
portion of the Basin and Range province.

We should like to express our gratitude to the Shell Oil Company for their permission to
release for publication the seismic lines and information contained within this paper. Special
thanks go to A. W. Bally who, with S. Snelson, suggested the preparation of this paper and
served as constructive critics and to F. B. Conger who provided many insights into the geology
of the region. Particular acknowledgement is due to R. Mason who was-among the first to make
many of the observations reported. We are also grateful to D. Preston, W. Winfrey and ]J.
Kruger, for many stimulating discussions.
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