
Channel responses to 
artificial stream capture, 
Death Valley, California 

ABSTRACT 
Artificial capture of Furnace Creek 

Wash by Gower Gulch in 1941 caused 
channel responses in three separate 
reaches of this integrated ephemeral 
stream system: (1) upper Furnace Creek 
Wash, (2) Gower Gulch channel, and 
(3) Gower Gulch fan. At the diversion 
point, vertical erosion had lowered the 
brink of a 25-m nickpoint by approxi-
mately 3.2 m by 1974. Upstream from 
the nickpoint, Furnace Creek Wash had 
responded with headward dissection for 
2.7 km and removal of debris at a mean 
rate of about 4 X 103 m 3 /y r . The mean 
slope of the Gower Gulch channel had 
been lowered throughout by erosion due 
to drastically increased discharge, pro-
ducing debris at a mean rate of about 
2 X 103 m 3 /y r . Dissection of the upper 
part of the Gower fan to a maximum 
depth of 5.7 m and product ion of debris 
at a mean rate of about 0.4 X 103 m 3 / y r 
are at tr ibuted to high stream velocities 
and increased discharge. In the absence 
of fur ther intervention, evolution of the 
system during the next few hundred 
years is likely to be characterized by the 
following: (1) increasing depth and ex-
tent of headward dissection in Furnace 
Creek Wash and its tributaries upstream 
from the diversion point and (2) re-
adjustment of the Gower fan profile in 
response to accumulation of coarse di-
verted debris. 

INTRODUCTION AND SETTING 
What appears, in retrospect, to have 

been an ill-advised flood-control measure 
was initiated near Zabriskie Point, Death 
Valley, California, in 1941 with the man-
made diversion of the ephemeral Furnace 
Creek Wash into a branch of Gower 
Gulch (Fig. 1). The diversion created a 
nearly right-angle change in the course of 
Furnace Creek Wash and shortened its 
route to the floor of Death Valley by 
about 2 km. The effective drainage area 
of Gower Gulch was instantaneously in-
creased f rom about 5 km 2 at low alti-
tudes to about 440 k m 2 at intermediate 
to high altitudes. This artificial stream 
capture drastically increased the dis-
charge delivered to Gower Gulch and 
altered its bed load f rom mainly fine-
grained material (silt to pebbles) derived 
f rom the Pliocene Furnace Creek Forma-
tion to predominantly coarse-grained 
debris (pebbles to boulders) f rom the 
Paleozoic sedimentary sequence of the 
Funeral Mountains to the northeast . 

In assessing the environmental impact 
of the diversion, Troxel (1974) described 
the character and degree of channel re-
sponses in several parts of the Furnace 
Creek Wash-Gower Gulch system. He 
recognized that natural stream capture 
was imminent at the time of diversion 
and reported channel adjustments in-
cluding the following: (1) dissection of 
the Gower fan, (2) erosion of the Gower 
Gulch channel throughout its length 
as evidenced by hanging tributaries, 
(3) rapid vertical erosion of fine-grained 
sedimentary rocks of the Furnace Creek 
Formation at the diversion site, and 
(4) deep, headward-working dissection 
of upper Furnace Creek Wash. Although 
the diversion has reduced flood hazards 
to buildings and roads on and near the 
largely abandoned fan of Furnace Creek 
Wash, repeated damage to California 190 

Daniel Dzurisin 
D i v i s i o n o f G e o l o g i c a l and 

P lane ta ry Sciences 

C a l i f o r n i a I n s t i t u t e o f T e c h n o l o g y 

Pasadena, C a l i f o r n i a 9 1 1 2 5 

near the diversion point and to National 
Park Service Route 1 (California 178) 
on the Gower fan makes the diversion 
of dubious economic advantage. 

Channel adjustments listed above are 
interpreted as the response of the system 
to a natural-scale experiment initiated 
by the diversion in 1941. Field observa-
tions indicate that basic principles of 
stream behavior have resulted in three 
distinct types of channel response in 
three separate reaches of the system, as 
follows: (1) headward-working vertical 
dissection of Furnace Creek Wash im-
mediately above the diversion site, 
(2) vertical erosion throughout the Gower : 
Gulch channel to produce a lower mean 
gradient, and (3) deep dissection of the 
upper part of the Gower fan to produce 
an incised channel roughly 500 m long, 
succeeded by deposition on lower 
reaches of the fan. 

HEADWARD DISSECTION OF 
FURNACE CREEK WASH 

Troxel (1974) noted that the diver-
sion of Furnace Creek Wash into Gower 
Gulch immediately created a nickpoint 
roughly 25 m high and concentrated 
strong erosive force at the diversion 
point . Subsequent modification by run-
ning water has converted this nickpoint 
into a succession of normally dry cas-
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Figure 1. Aerial photograph of Furnace Creek Wash-Gower Gulch area near Zabriskie Point (Zab. Pt.) in central Death Valley, California. Letters 
A to E are endpoints of channel profiles presented in Figure 3. Dashed line encloses diversion point (A), Gower Gulch (AD), principal southern branch 
of Gower Gulch (BC), and dissected part of Gower fan (below D). Photograph was taken in 1948 and is courtesy of Glen A. Miller of the U.S. Geo-
logical Survey. 
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Figure 2. Slope information in degrees for Furnace Creek Wash, southern branch of Gower Gulch, 
and central channel of Gower Gulch. 

cades and waterfa l ls t ha t e f fec t ive ly 
isolate u p s t r e a m F u r n a c e Creek Wash 
f r o m d o w n s t r e a m in f luences below the 
n i ckpo in t . Since the diversion 33 yr ago, 
vertical e ros ion has lowered the br ink 
of the original n i ckpo in t by approxi -
mate ly 3 .2 m, t he r eby lower ing the ef-
fective local base level fo r u p p e r F u r n a c e 
Creek Wash, which has r e sponded by 
lowering its bed at the n i c k p o i n t by 
tha t a m o u n t and wi th headward -work ing 
dissect ion n o w ex t end ing 2.7 k m up-
s t ream (Troxe l , 1974, Fig. 2). This dis-
sect ion is the result solely of n i c k p o i n t 
lowering, because ne i the r discharge n o r 
load, b o t h u p s t r e a m fac tors , has changed 
in this reach of F u r n a c e Creek Wash as 
a result of the diversion. The s h o r t e n e d 
rou te t o u l t ima te base level caused by 
diversion c a n n o t be responsible , because 
the n i ckpo in t at the diversion site iso-
lates ups t r eam F u r n a c e Creek Wash f r o m 
such d o w n s t r e a m inf luences . 

A p p r o x i m a t e l y 1.4 X 10 s m 3 of 
debris have been removed f r o m F u r n a c e 
Creek Wash since the diversion, at a 
mean rate of 4 X 103 m 3 / y r . S o m e w h a t 
less than 10 pe rcen t of this to ta l n o w 
fo rms a veneer less than a me t r e thick 
along the ent i re length of G o w e r Gulch . 
The r ema inde r resides on lower reaches 
of the G o w e r fan and on the f loor of 
Death Valley. 

LOWERING OF THE 
GOWER GULCH CHANNEL 

T h e art if icial cap tu re of F u r n a c e 
Creek Wash served t o increase drasti-
cally the vo lume of water and the 
a m o u n t and caliber of debris delivered 
to G o w e r Gulch . Its bed load changed 
f r o m mainly fine-grained silt and sand 
to mater ia l ranging in size f r o m pebbles 
to bou lders some tens of cen t ime t re s in 
d iamete r . Hanging t r ibutar ies a long the 
ent i re length of G o w e r Gulch are'evi-
dence fo r s ignif icant vertical erosion in 
response to this change in regimen. 

T h e pr incipal sou the rn b ranch of 
G o w e r Gulch (Fig. 1) drains a slightly 
larger basin t han did the predivers ion 
centra l b ranch n o w fo l lowed by diverted 
water and debris . Both b ranches origi-
nally dra ined similar parts of the Fu rnace 
Creek and Art is t Drive F o r m a t i o n s and 
p resumab ly t r anspo r t ed bed loads simi-
lar in t y p e and caliber of debris . T h e 
sou the rn channel was p re sumab ly ad-
jus ted t o a gradient at least as gent le as 
tha t of the predivers ion centra l channel . 

Longi tud ina l prof i les of b o t h b ranches 
(Figs. 2, 3) indica te t ha t the cent ra l 
b ranch has n o w developed a still gentler 
gradient t h r o u g h o u t the u p p e r 75 pe rcen t 
of its length. Signif icant vert ical erosion, 
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Figure 3. Channel profiles derived from slope 
information presented in Figure 2. Endpoints 
A to E are indicated in Figure 1. 

Figure 4. Typical radial profile of fan with 
entrenched stream channel, after Hooke (1965). 

impl ied by hanging t r ibutar ies , is pre-
sumably the cause of this lower gradient 
in the centra l channel . T h e e f f e c t of in-
creased discharge in this n a r r o w , con-
f ined channel has ou twe ighed the e f f ec t s 
of an increase in a m o u n t and caliber of 
load. Assuming tha t the p rof i l e of the 
prediversion centra l channel was similar 
to t ha t of the s o u t h e r n channe l , the 
a m o u n t of e roded mater ia l is a b o u t 
0.7 X 10 5 m 3 , co r r e spond ing to a mean 
erosion rate of 2 X 103 m 3 / y r . 

T h e newly establ ished u p p e r G o w e r 
Gulch channe l and incised F u r n a c e Creek 
Wash channel are c o m p a r a b l e in b o t h 
width and gradient , p r e sumab ly ref lect-
ing ident ica l discharge and debris loads. 
S teepening of the gradient a long the 
lower 25 pe rcen t of the G o w e r Gulch 
centra l channel (Figs. 2, 3) occurs ex-
clusively wi thin the Art is t Drive F o r m a -
t ion (McAllister , 1970) and is p r e sumab ly 
l i thologically con t ro l l ed . In con t ra s t t o 
the u p p e r reach of the channel , this sec-
t ion is charac te r ized by n u m e r o u s small 
n i ckpo in t s as high as 2 m associated wi th 
cross-strike flow over relatively resis tant 
s ed imen ta ry beds. There is n o evidence 
t ha t postdivers ion lower ing of a 12-m, 
near-vertical n i c k p o i n t at the head of 
G o w e r fan has c o n t r i b u t e d t o the in-
creased gradient , which p resumab ly 
p reda tes the diversion. 

Channel profiles 

Distance (kilometers) 
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DISSECTION OF GOWER FAN 

Lack of dissect ion on n e a r b y fans 
s t rongly suggests t h a t the G o w e r fan was 
und i s sec ted pr ior t o diversion. Subse-
q u e n t dissect ion of this fan has c rea ted 
a curving, vert ical-walled, f l a t - b o t t o m e d 
channe l roughly 5.7 m deep and 10 m 
wide at the f a n h e a d , which e x t e n d s wi th 
decreasing d e p t h near ly h a l f w a y ( 5 0 0 m) 
d o w n the f an . R o u g h l y 1.4 X 104 m 3 of 
mater ia l have been r emoved b y dissect ion 
and depos i t ed on l ower reaches of the 
fan and on the f l oo r of Dea th Valley at 
a m e a n rate of 0 .4 X 10 3 m 3 / y r . 

Field m e a s u r e m e n t s ind ica te t h a t t he 
head of the predivers ion F u r n a c e Creek 
fan h a d a slightly s t eeper radial gradient 
t han did the head of t he original G o w e r 
fan sur face , p r o b a b l y because of the 
coarser debr is delivered t o the F u r n a c e 
Creek f a n b e f o r e diversion. T h e G o w e r 
f an n o w receives essential ly t he same 
discharge and debris load as did t he Fur-
nace Creek fan b e f o r e diversion, so dis-
sec t ion of the G o w e r fan t o an even gen-
tler m e a n grad ien t seems a n o m a l o u s . 

Bull ( 1 9 6 4 ) s tud ied alluvial fans in 
wes tern F re sno C o u n t y , Cal i fornia , and 
c o n c l u d e d t ha t u p s t r e a m a l t e ra t ions in 
regimen caused by t ec ton i c o r c l imat ic 
changes inevi tab ly resul t in changes in 
radial f an prof i l e . In par t i cu la r , f ans as-
soc ia ted wi th progressively gent l ing 
s t r eam gradients u n d e r g o depos i t i on 
near the t oe of the f an t o r educe the 
gradient to tha t of the lower reaches of 
the s t r eam channe l . As s h o w n , the G o w e r 
Gulch channe l has expe r i enced eros ion 
t o a l ower m e a n gradient since diversion, 
bu t the near-vert ical n i c k p o i n t at the 
head of the G o w e r f an e f fec t ive ly isolates 
the fan f r o m this u p s t r e a m s lope reduc-
t ion . Since t he coarse debr is n o w trans-
p o r t e d d o w n G o w e r Gulch can u l t ima te ly 
be e x p e c t e d t o p r o d u c e a steeper g rad ien t 
t han t h a t of t he original f an sur face , 
depos i t i on near the t oe of the f an is n o t 
likely to p r o d u c e a m o r e gent ly s loping 
fan s egmen t . Depos i t ion of d iver ted 
debr is is n o w occur r ing on the G o w e r f an 
b e y o n d the e n d of the incised channe l 
west of Na t iona l Park Service R o u t e 1, 
b u t so far on ly a th in veneer has been 
spread, and it c o n f o r m s t o the s lope of 
the pre-exis t ing f an . To ta l vo lume of 
pos td ivers ion debr is a c c u m u l a t e d on the 
fan is d i f f i cu l t t o e s t ima te in the f ie ld, 
bu t it p r e s u m a b l y a c c o u n t s fo r m o s t of 
t he 2.1 X 10 s m of mater ia l t ha t has 
been r emoved u p s t r e a m and has n o t ac-
c u m u l a t e d in G o w e r Gulch . 

T h e d i l e m m a of the p re sen t s i tua t ion 
is, What caused dissect ion r a the r t han 
depos i t i on on the u p p e r half of the G o w e r 
fan? T h e answer is far f r o m clear, bu t it 
is suggested t ha t fo l lowing diversion, 
f l ood waters were discharged in such a 

high-veloci ty linear s t r eam f r o m the con-
f ined , s teep lower reach of G o w e r Gulch 
t h a t t hey quick ly cut a n a r r o w channel 
i n t o the original Gower f an sur face . 
Once it was es tabl ished, this channe l was 
se l f -perpe tua t ing , because it p rov ided a 
m o r e e f f i c i en t channel of f l o w than did 
t he myr i ad of small sha l low channe l s on 
the original f an surface . Cur ious ly , this 
newly incised fan channe l is c o m p a r a b l e 
in w i d t h b u t is of gent ler g rad ien t than 
the incised channel in F u r n a c e Creek 
Wash. This may ref lect t he relative re-
duc t i on of t u rbu lence and increased eff i -
ciency caused by i n t r o d u c t i o n of f ines 
f r o m the F u r n a c e Creek F o r m a t i o n to 
the load discharged o n t o the G o w e r 
f an ( V a n o n i , 1946) . 

IMPLICATIONS FOR 
FUTURE DEVELOPMENT 

Cons ide ra t ion of m e a n a d j u s t m e n t 
ra tes fo r these three reaches of the inte-
grated F u r n a c e Creek W a s h - G o w e r Gulch 
sys tem suggests tha t evo lu t ion dur ing the 
n e x t f ew centur ies will be charac te r ized 
by deepen ing and c o n t i n u i n g h e a d w a r d 
dissect ion of Fu rnace Creek Wash and 
rapid a c c u m u l a t i o n of debr is on the sur-
face of the G o w e r fan . Eventua l ly , a b o u t 
20 t o 25 m of vert ical e ros ion will migra te 
u p F u r n a c e Creek Wash as the p resen t 
n i c k p o i n t a t the diversion site is elimi-
na t ed . A l t h o u g h vert ical e ros ion of t he 
n i c k p o i n t j u s t above the f a n h e a d and 
o the r s in t he lower reach of G o w e r Gulch 
will p r o c e e d at a s lower ra te , it will even-
tually c o n t r i b u t e an add i t iona l 15 t o 20 m 
to t he n e t dissection of F u r n a c e Creek 
Wash. Dissect ion work ing u p nor th - s ide 
t r ibu tar ies of Fu rnace Creek Wash, which 
drain the Fune ra l Moun ta ins , will a lmos t 
cer ta in ly u n d e r c u t sec t ions of Cal i fornia 
190 fo r several k i lomet res u p s t r e a m of 
Zabr iskie Poin t . T h e incised channe l of 
F u r n a c e Creek Wash is also l ikely to 
widen and establ ish a w i d t h / d e p t h ra t io 
c o m p a r a b l e to tha t of t he predivers ion 
channe l , t hus f u r t h e r t h r e a t e n i n g 
Cal i fornia 190. 

As a consequence of this e ros ion , 
debr is will be delivered t o the G o w e r fan 
at a m e a n rate in excess of 10 3 m 3 / y r 
dur ing the n e x t f ew h u n d r e d years . If 
channe l incision at the f anhead was a 
t e m p o r a r y d isequi l ibr ium event as sug-
gested, depos i t ion is u l t ima te ly m o r e 
l ikely t o m o d i f y t he m o r p h o l o g y of t he 
fan t han will f u r t h e r incis ion. Bull ( 1 9 6 4 ) 
suggested t h a t incised fan channe ls even-
tual ly backfi l l if cu t to a gradient less 
than t ha t of the a d j a c e n t lower fan seg-
m e n t . This is n o w the cond i t i on on the 
G o w e r fan . H o o k e ( 1 9 6 5 ) n o t e d t ha t in 
such s i tua t ions , mater ia l depos i t ed im-
med ia t e ly be low the in te r sec t ion p o i n t 
is usual ly coarser t han the average in the 

incised channe l , wi th the coarser ma te -
rial f o r m i n g a s econda ry lobe on the fan 
sur face be low the in te r sec t ion p o i n t 
(Fig. 4) . G o w e r f an c o n f o r m s t o this 
mode l , because the incised channe l is 
l i t t e red with a veneer of pebb le s and 
cobbles , whereas bou lde r s t h a t are tens 
of cen t ime t r e s in d i ame te r c o m p o s e a 
s ignif icant f r ac t i on of t he debr is de-
pos i t ed i m m e d i a t e l y be low the in ter-
sec t ion p o i n t . C o n t i n u i n g depos i t i on of 
large quan t i t i e s of this coarse debr is may 
in t ime backf i l l t he incised channe l , 
eventua l ly fil l ing it and a l lowing dis-
charge of debr is d i rec t ly o n t o the f an 
sur face , which shou ld resul t in s t eepen-
ing of t he fan prof i le . This is cons i s t en t 
with t he results of a r ecen t small c loud-
burs t t ha t led t o the depos i t i on of a b o u t 
1 m of debr is on Nat iona l Park Service 
R o u t e 1 above the in t e r sec t ion p o i n t 
(P. Sanchez , 1974, pe r sona l c o m m u n . ) . 
Large s lump blocks in the incised chan-
nel are evidence t ha t lateral r e t r ea t of 
channe l walls also c o n t r i b u t e s t o channe l 
m o d i f i c a t i o n and may play a role in ulti-
m a t e channe l a d j u s t m e n t . Long- te rm 
viabi l i ty of Na t iona l Park Service R o u t e 1 
on the u p p e r reaches of t h e fan is t hus 
ques t ionab le . T h e de t e r io ra t ion of 
Cal i fornia 190 and Na t iona l Park Service 
R o u t e 1 provides an impos ing t e s t a m e n t 
to the u n h a p p y resul ts of a natural -scale 
e x p e r i m e n t p e r f o r m e d ju s t t h r ee de-
cades ago t o cure wha t m a y have been 
a lesser evil. 
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