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Figure 3. View of features in northern Prospect
Valley. Escarpment-forming units: k = Kaibab
Formation; t = Toroweap Formation; ¢ = Coconino
Sandstone; h Hermit Shale; e = Esplanade
Sandstone; s = Supal Formation. Alluvial units: £f4,
£3b, t4; see text for discussion. Arrows point to
recent fault scarp.
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Figure 4. View of Prospect Valley, looking south from
the north rim of the Grand Canyon. The Inner Gorge of
the canyon is in foreground. Prospect Canyon (center)
has eroded along the Toroweap fault, cutting through
Quaternary basalts and cinder cones that filled a
previous canyon. The Toroweap-Aubrey Cliffs (left and
on the horizon) consist of two escarpments here. The
upper, snow-covered cliffs are capped by the Kaibab
Formation. The lower cliffs are capped by the
Esplanade sandstone. The fault 1s at the base of the
lower cliffs. The occurrence of two escarpments is
unique to the northern 10 km of Prospect Valley and is
probably related to pre-lava canyon incision.
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Figure 5. View looking south from Vulcan’s Throne
into Prospect Valley. Alluvium (center) is deposited
on canyon-filling basalts and is about 30 m thick..
The alluvium also overlies the southern end of the
cinder cone on the right. This cinder cone probably
blocked the ancestral Prospect Valley. Prospect Wash
is to the left.
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Figure 6. View of displaced North Wash basalt
(oblique to fault plane). Alluvium is much thicker on
the downthrown side (right) than on the upthrown side
(left). Displacement of basalt, measured with tape
and inclinometer, is about 65 m., Two fault strands
are visible (arrows) in the center of the photo.
Associated scarps can be seen in the profle of the
ridge in the center.
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Figure 7. View looking west from top of Esplanade
escarpment. Prospect Canyon (center) has eroded past
Prospect Wash, creating a 400 m knickpoint. Cinder
cone (right) appears to be cut by this incision.
Removal of the cinder cone, which ponded alluvium,
allowed Prospect Wash to incise., It is now flowing on
canyon-filling basalt.
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Figure 8. Coq is shown on the skyline, to the right
(arrow) . Limestone colluvium with a petrocalcic
horizon has formed a resistant capping over the
friable Hermit Shale. Undercutting has removed
surrounding material. The top of this hillslope may
represent the former position of the high cliffs to
the left. Fault is at the base of the lower cliffs in
the center of the photograph.
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Figure 9. Idealized evolution of a single-event fault
scarp. 0 = initial state after ruture, with free face
being greater than the angle of repose of the
material. 1 = after scarp has raveled, with the
material at the angle of repose (~35°). 2 = thousands
of years later, after diffusion-typpe processes have
rounded the scarp crest and built up the colluvial
wedge at the base. 3, 4 = subsequent degradation of
the scarp, with the profile resembling the error
fuction. Vertical exaggeration 2X.
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TABLE 1. Comparison of climate and soil formation
conditions, Toroweap—-Prospect Valleys and Roswell-Carsbad,
New Mexico. Climatic data from National Oceanic and
Atmospheric Administration (1981) and Sellers and Hills
(1974) .




PARAMETER

Mean annual
temperature

Mean annual
precepitation

Parent Material

eolian dust sources

Toroweap-Prospect Valleys

14.5

28.9

Limestone
gravels

Limestone bedrock;
Colorado River

Roswell-Carlsbad

15.1

26.9

Limestone
gravels

Limestone
bedrock and
gravels;

Rio Grande
River
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Table 2. Comparison of age estimates using different
techniques. *correlated to Roswell-Carlsbad, N.M.
(Machette, 1985). **Carbonate accumulation rate of

0.63 g/cm?/ky from Roswell-Carlsbad, N.M. (Machette,
1985) .




Surface age ranges age estimate
from corre- from
lated carbonate total carbonate
stage (ka)* (ka)**

f4, T4 0-10 2t1

f3c - -

f3b 10-80 4-11

f3a - --

f2 80-120 26-54

T2 120-500 80 £ 30
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Table 3. Summary of diffusion modelling results

Location
and surfacel

Prospeét Valley
£3(b)

f2
co2 and f3a

Toroweap Valley
3

Both valleys
3 andf3(b)

Isee fig. 1 for location and text for surface definitions
2 D = displacement; t = age of rupture; k = diffusivity

Parameter?

D (m)
tk (m"2)

t (ky)
D (m)
D (m)

D (m)
tk (m?)

t (ky)

D (m)

Numerical values

'y

Mean

2.5
3.5
3.1
6.6
4.4

2.1

16.4
15.0

22

Standard
deviation

+ 1.6
+ 1.8
+1.6
+ 1.5

+0.2

Sample
size

n=43
n=39
n=39
n=9

n=10

n=47
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Figure 10. a: Scarp slope angle vs. log scarp height
plots for three different different materials (from
Dodge and Grose, 1980). Fine grained material tends
to make the scarps appear older than in poorly sorted
alluvial gravels. b: Comparison of slope-height plot
for Prospect and Toroweap Valley scarps. In Toroweap
Valley scarps are in fine distal fan sediments,
whereas in Prospect Valley scarps are in very coarse,
proximal sediments. Sub-parallel regression lines
indicate all other factors, including time, are
similar.
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Figure 11. Variation in total displacement and
sinuosity index (Es) along the length of the Toroweap-
Aubrey fault. Sinuosity is low where displacement is
high and high where displacement is low. This is most
likely a reflection of long-term uplift rates, which
are inversely proportional to sinuosity indices.
Distances are north (positive) and south (negative) of
Frazier’s Well. Capital letters indicate the various
segments of the fault. Displacement data are from
Huntoon and others (1981, 1983), Billingsley and
others (1986), and Blissenbach (1952).
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Figure 12. Average amount of displacement for three
surfaces. Displacement for £2 and f3a is from PV;
displacement for £3b is from both TV and PV. Typical
displacement for each event is about 2.2 m.
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Figure 13. Variation in displacement with time.
Dashed line shows extrapolated late Quaternary
displacement rate. This suggests that either the rate
has dramatically increased during the Quaternary, or
that faulting began much more recently than previously
thought. Either conclusion suggests encroachment of
Basin—-and-Range-style tectonism onto the Plateau
during the latest Cenozoic. TV = Toroweap Valley
basalt; VT = Vulcan’s Throne basalt; f£f2 = £2 surface;
R = regional inception of faulting, displacement at
the Colorado River.
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