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ABSTRACT

Big Chino Fault has undergone about 30 m of vertical 

displacement, over a length of 50 km, in the late Pleistocene. Fault 

displacement is apparently normal, with no evidence for strike-slip 

motion. The morphology of the fault scarp permits application of a 

model for stream terrace formation by tectonism, determination of the 

magnitudes of earthquakes, and comparison of several methods to deduce 

scarp age by morphology. Investigation, of a geomorphic parameter, k, 

is also undertaken.

Stream terrace formation by tectonism can be explained, and 

separation of tectonic terraces may be used to determine paleoseis

micity. Vertical fault movement causes stream entrenchment. Subse

quent stability permits arroyo widening. Terraces form from the 

uplifted arroyo floor when renewed faulting causes renewed stream en

trenchment. Separations between terraces approximate the vertical 

component of faulting, and enable calculation of the seismic moments of 

the associated earthquakes. Seismic moments from Big Chino Fault 

imply surface wave magnitudes of mid 6*s to low 7,s.

Comparing age determination techniques of various workers indi

cates episodic uplift. Black Mesa was uplifted through the Pliocene to 

latest Pleistocene. Big Chino Fault began its modem movements 75,000 

to 250,000 years ago; movement has continued into the Holocene.
x



CHAPTER 1

INTRODUCTION

On February 3, 1976, a magnitude $.2 earthquake shook most of 

north-central Arizona, and drew attention to seismic activity in this 

region. As a result of this earthquake, Big Chino Fault came to the 

attention of W. B. Bull and the author; a trip to the area in October 

of 1976 showed that Big Chino Fault afforded an excellent opportunity 

to study the response of fluvial systems to repeated faulting. From 

an initial interest with mapping the fault trace, and with tectonic 

stream terrace formation, this thesis grew to include a concern with 

the seismic implications of the terrace. Although analysis of the 1976 

earthquake does not indicate a direct connection with Big Chino Fault, 

this event spurred the following investigation.

Purpose and Scope

The purpose of this study is to make a geomorphic analysis of 

the fault scarp and associated terrain in northern Chino Valley. The 

numerous streams crossing the fault permit assessment of the effects 

of repeated base-level drop upon fluvial systems, while embayment of 

the mountain front behind the fault invites comparison of the Black 

Mesa cliffs to mountains in the Mojave Desert, utilizing the quantita

tive geomorphic techniques of Bull (1973), Bull and McFadden (1977), 

and Menges and Bull (1978) to infer local tectonic history of greater

1
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age than the recent dislocations of Big Chino Fault. Additionally, 

since the physical environment along the length of the fault is fair

ly constant, analysis of geomorphic processes can be made studying the 

effects of such factors as variation in drainage basin area with many 

variables held constant, like lithology and climate. This study will 

try to address these topics by: l) applying the model of W. B. Bull

(in preparation) for the formation of tectonic stream terraces by ver

tical faulting; 2) discerning the number of fault movements, and 

making rough estimates of the time of each faulting event; 3) deducing 

the tectonic and seismologic implications of the fault zone; and 4) 

studying the applicability of the k factor of Bull (in preparation).

Study of the items enumerated above was accomplished primarily 

from detailed investigation near "The Sheep Camp," a windmill and cor

ral along the fault. The Sheep Camp site has a well developed terrace 

sequence along five small ephemeral streams extending 1 km northwest 

of the corral. Separations of stream terraces, angles of the fault 

scarp face, and surficial geology will be the primary features enabling 

interpretation of the scarp's history. While not directly addressing 

the associated problem of the evolution of other escarpments bordering 

the Colorado Plateau, this study will seek to contribute to the inter

pretation of the Quaternary tectonism and seismicity along this por

tion of the edge of the Colorado Plateau.

Location

Big Chino Fault is located on the northeast side of Chino 

Valley (Figure l), a 100 km long northwest trending structural trough
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Figure 1. Location Map, Big Chino Fault, Yavapai County, Arizona.
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in west-central Arizona. The southeast terminus of the fault is 

located about 7 km north-northwest of the hamlet of Paulden, Arizona 

(34° 53* north latitude, 112° 28* west longitude), and extends for 

about 50 km to the northwest. The elevation of the fault trace ranges 

from 1430 m to 1480 m, and the position of the scarp averages 0.7 km 

valleyward (southwest) from the break in slope at the foot of Black 

Mesa (one of several mesas in Arizona with this name). The detailed 

study area centers near the intersection of sections 16, 17, 20, and 

21 of T. 20 N., R. 4 W., Gila and Salt River Meridian (Figure 2).

This site, the Sheep Camp study area, encompasses the drainages of 

five first and second order ephemeral streams. Sheep Camp is an infor

mal name, as are the names of all streams except Big Chino Wash, 

Partridge Creek, and Walnut Creek.

Climate

This part of Chino Valley has a semi-arid climate. A weather 

station at Walnut Creek, 26 km southwest of the fault, provides the 

best available approximation of the present climate at the fault. Lo

cated on the opposite side of the valley from the fault, the Walnut 

Creek weather station is at an elevation of 1551 m, in a canyon drain

ing northeast into Big Chino Wash, and has a thirty year weather 

record. The mean monthly high and low temperatures for January are 

10.7° G (Celsius) and -6.9° G respectively, while in July the mean 

monthly high and low temperatures are 31.4° C and H.8° C. Rainfall 

averages 395 mm, with a mean winter (November-April) rainfall of 170 

mm and a mean summer (May-October) rainfall of 225 mm— sixty percent



5

KEY
X—X - X Fence

—•• • Stream

— Rood

in  h i m Fault Scarp
U U i i - Mountain Front

- 4 — Section Lines

17 Section Numbers

Scale

I km

Figure 2. Location Map, Sheep Camp Study Area, T 19 N , R 4 W —  
The study washes are numbered 1-5 •



6
of which falls in July and August. Winter snowfall averages 245 mm 

(Sellers and Hill, 1974)• Big Chino Fault is about 100 m lower in al

titude than the Walnut Creek station, and may be slightly more arid, 

whereas the headwaters of the streams that cross the fault are at an 

altitude of about 200 m higher than the station, and may be slightly 

wetter and/or cooler.

Despite a moderate amount of annual precipitation, the streams

crossing the fault scarp are ephemeral. Even Partridge Creek, with a
o

drainage of over 300 km , is at best an intermittent stream. While 

virtually all the streams deposit obvious alluvial fans immediately 

downstream from the scarp, the fourth and fifth order streams continue 

to Big Chino Wash, in the center of the valley. Big Chino Wash flows 

southeasterly to Paulden, where Granite Creek joins it to form the 

Verde River.

Big Chino Fault coincides with the vegetational boundary be

tween the valley-bottom grasslands and pinon juniper woodland. The 

woodland consists dominantly of juniper (Juniperus sp.) with occasion

al Colorado pinon pine (Pirns edulis).

Previous Work

The results of numerous geological investigations about the 

southeastern end of Chino Valley have been published, due to interest 

in the mineral deposits around .Jerome and Mayer. Until Krieger* s 1965 

U. S. Geological Survey Professional Paper, however, very little 

structure or stratigraphy had been studied surrounding Chino Valley 

proper. Krieger (1965) is the definitive work on the Prescott and



Paulden 15* quadrangles, and provides the only comprehensive background 

available for a U  of northwestern Yavapai County. While some strati

graphic work had been done previously, it was incomplete. Ktieger 

(1965) located and named the Big Chino Fault or Monocline, present for 
2 km in the northeastern corner of Paulden quadrangle, and mapped the 

fault for 35 km northwestward on three reconnaissance geological maps 

(Krieger 1967a,b,c) which were prepared in conjunction with Krieger 

(1965). These maps were compiled from aerial photographs with a mini

mum of field checking, but they provide a useful background despite 

possibly inaccurate mapping.

Researchers interested in the origin of river terraces have 

virtually ignored the direct influence of tectonism. The topic has 

been neglected except for several New Zealand studies about terraces 

along strike-slip fault scarps. The best summary is Lensen (1968), 

and the information he gained from terrace separations was used to de

duce rates of lateral movement of the faults, as well as of non- 

tectonic base-level fall. The use of terraces formed by vertical 

faulting to resolve the vertical components of discrete faulting 

events is proposed by Bull (in preparation) in a book manuscript en

titled "Climatic and Tectonic Geomorphology of Arid Fluvial Systems." 

One of the primary purposes of this thesis is to discuss Bull,s model, 

and apply it to a field situation involving vertical fault displace

7
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General Geology

Chino Valley is part of the Transition Zone between the 

Colorado Plateau and Basin and Range Provinces. The cliffs of Black 

Mesa are structurally and stratigraphically part of the Colorado Pla

teau. They consist of horizontal Paleozoic sedimentary rocks and late 

Tertiary basalts, locally faulted, or flexured by monoclines.

The Juniper Mountains southwest of Big Chino Wash are strati

graphically akin to the Colorado Plateau, but structurally are a broad 

horst, with intervening Chino Valley being a wide, structurally lower 

basin filled with alluvium; such features are the beginning of a tran

sition towards the block-faulted Basin and Range Province found to the 

southwest.

The bedrock stratigraphy of the region near Big Chino Fault is 

straightforward. A PreCambrian granitic basement is overlain by the 

basal Cambrian Tapeats Sandstone. This is overlain by Devonian Martin 

Formation and the Mississippian Redwall Limestone. Black Mesa is 

capped by Tertiary basalts, some of which apparently have flowed down 

Partridge Canyon, which is a large break in the cliffs demarking the 

northern extent of Black Mesa.

Chino Valley’s alluvial stratigraphy is not well studied.

The late Tertiary(?) Hickey and Perkinsville Formations of the 

Glarkdale-Jerome area are separated on the basis of structural inclin

ation. This basis for division is not seen in the Paulden area, where 

the rocks of late Tertiary(?) age appear to be younger than the most 

recent major deformation (Krieger, 1965, p. 82). The Tertiary(?)
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conglomerate which has been broken by Big Chino Fault retains

/
topography which clearly indicates deposition as alluvial fans issuing 

from the present canyons of Black Mesa. To this author, such topo

graphy suggests a Plio-ELeistocene age of the conglomerate.

The very existence of Big Chino Fault scarp indicates Quater

nary tectonic activity in the region. Previous tectonism is indica

ted by the presence of the Black Mesa escarpment. An oil well drilled 

7 km northwest of Paulden, and 2 km southwest of the terminus of sur

face rupture of the fault, cuts Martin formation beneath about 200 m 

of alluvium. Thus, structural relief along the southwest side of 

Black Mesa is at least 450 m (Krieger, 1965 j p. 94) • This downdrop

ping indicates that Chino Talley is a structural trough, and that the 

cliffs of Black Mesa are tectonic in origin, though their present mor

phology is erosional.

The surficial scarp is certainly a fault, but the structure of 

the subsurface bedrock is unknown. Krieger labels Big Chino Fault a 

"Fault or Monocline" due to lack of confirmation of either type of 

structure. A monocline exists to the southeast (Bull Basin Monocline, 

west of Jerome), at a position of equal or greater structural distance
X
away from the Colorado Plateau. While substantial structural relief 

is present across Big Chino Fault, the amount is not so great as to 

demand explanation by faulting rather than by folding. Since this 

thesis is dealing with the surficial feature, an obvious scarp, the 

structure will hereafter be referred, to as Big Chino Fault, despite 

the lack of information about the nature of folding or faulting at 

depth.



CHAPTER 2

ORIGIN AND INTERPRETATION OF TECTONIC TERRACES

Stream terraces resulting' from tectonic disturbances can yield 

substantial information about those disturbances. Suggate (i960), and 

Lensen (1964a,b, 1968) have used terraces formed by a combination of 

strike-slip faulting and regional base-level fall to infer rates of 

lateral movement along certain faults in New Zealand. Bill (1964) 

used terraces formed by monoclonal and anticlinal folding to deduce 

amounts of vertical uplift. The analysis in this "thesis is similar to 

Bull’s, except that this study involves vertical faulting, which may 

also produce useful terraces. Wallace (1977» p. 1275)> in his study 

of fault scarp morphology in Nevada, notes the existence of terraces, 

and says that they indicate multiple movements of the fault, but he 

does not use them for a detailed analysis of the movements. The ter

races formed by Big Chino Fault can be used to evaluate a model for 

tectonic terrace formation (Bull, in preparation), and to deduce the 

vertical increments and seismic moments of discrete fault movements.

If time control were better, statements about the rate of late Quater

nary movement of Big Chino Fault are also possible, subject to the 

accuracy of determination of the times of fault rupture.

Methodology

A brief discussion is in order about the methods of measure

ment used in the study of tectonic terraces. Terrace heights were

10
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measured to interpret increments of scarp movement, and to help 

correlate terraces between valleys. Ratios were calculated relating 

valley floor width to valley height in the subsidiary drainages, and 

of sinuosity of the main scarp. Several soil profiles have been de

scribed for correlation of the terraces and to aid in interpretation 

of terrace stratigraphy. Finally, terraces were correlated on the ba

sis of the factors mentioned above, from their appearance on aerial 

photographs, and by direct physical correlation where possible.

Height between two successive tectonic terraces is the funda

mental fact used to infer episodes of fault dislocation. For an abso

lute reference, all heights should be measured from the uppermost 

surface downward since this surface, though dissected and subject to 

denudation, is the only relatively stable reference plane since fault

ing began; alluviation has occurred upon the downthrown surface. Ter

race heights were measured as close to the fault plane as possible, as 

this is where dislocation has produced the maximum base-level fall.

A Jacob staff was used, with continual checking of the bubble level to 

insure its perpendicularity to the axis of the staff. Since the un

certainty of where to establish a terrace* s height is substantial 

(± 0.2 to 0.4 m), the inherent inaccuracy of a Jacob staff as compared 

to a rod and transit is outweighed by the need of only one person to 

use the staff. Terrace height was established at the outermost edge ' 

of a terrace tread, above the clearly erosional edge of the tread. If 

a break in slope was used, when no terrace was clearly evident, the 

lowest point of the upper slope was used.
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Calculation of geomorphic ratios was based upon the work of 

Bull and McFadden (1977)• The ratio is of valley floor width to 

average height of the divides on either side, and was calculated from 

equation 1:

Vf = (Eld - Escj + (Erd - Escj
2 (1)

V^. is valley floor width, Esc is elevation of the stream channel at 

the point of cross section, and EL^ and are elevations of the 

left and right divides, respectively. These measurements were taken 

at a distance one third of the length of the valley upstream from the 

fault in the case of the Sheep Camp drainages. Sinuosity (S) of the 

fault scarp is the ratio of the length of the physical fault trace 

divided by the straight line length of the fault, or in the case of a 

mountain front (as in Bull and McFadden, 1977) length of the break in 

slope at the mountain-piedmont junction (L^) to the overall length of 

the mountain front (Lg), as shown in equation 2:

S = (2)
A series of soil profiles was described, one each on the upper 

surface, terraces B, C, D, and the fan deposits at the foot of the 

fault scarp (surfaces were lettered A-F, with A being the lowest ter

race above the modern fan— and hence the youngest— arid F being the
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upper faulted piedmont fan into which the terraces A-E are inset).

All profiles described were in the vicinity of streams 3» 4> and 5. 

Another profile on a terrace of unknown relative age on stream 1 was 

described to aid in an unsuccessful attempt to correlate it with sur

face B or C. Soil colors were described by using the Revised Standard 

Soil Color Chart (Oyama and Takehara, 196?).

A Model for Tectonic Terrace Formation 

A simple model for terrace formation by the vertical component 

of fault movement results from some logical observations. Due to 

base-level drop at the fault scarp, the uplift of a fault block will 

cause entrenchment of the streams that cross the scarp. As time pas

ses, the streams will adjust to the new base level, and then will 

widen their valleys. Renewed uplift and resultant entrenchment will 

leave terraces, on either side of the stream— remnants of what had been 

the flood plain. Repeated uplift will cause repeated entrenchment, 

and will result in a flight of terraces, each diverging from the chan

nel in the downstream direction, and each ending abruptly at the fault. 

Terraces sometimes are present on the downfolded sides of monoclines 

(Bull, 1964), but in faulted terrain, terraces due to tectonism are 

seldom found on the downfaulted block. This usually may be due to be

havior in accordance with the proposed model of terrace formation, but 

also may reflect burial by subsequent alluviation upon the downthrown 

block. In general, the downthrown block tends to be an area of allu

vial deposition rather than of strath terrace development.



14
Figures 3a and 3b demonstrate both a flight of such terraces and 

divergence in the downstream direction, ending at the fault.

Figure 4 is a pictorial representation of tectonic terrace for

mation, In Figure 4a, a stream flows uninterrupted from the back of 

the block to the front. Initial faulting, Figure 4b, causes entrench

ment. An alluvial fan forms on the downthrown block (also seen in 

Figure 3a). This fan causes a minor base-level rise, and prevents 

the stream from downcutting the full amount of the vertical component 

of that faulting event. As time passes, Figure 4c, the valley widens 

itself through lateral erosion and hillslope adjustment. Note also 

that Penckian parallel slope retreat of the scarp may occur (arrow on 

left of Figure 4c). Renewed uplift of the fault, Figure 4d, results 

in renewed entrenchment, with the old valley bottom becoming a tec

tonic terrace. The vertical distance between the terrace and the 

next higher surface is an approximation of the minimum vertical com

ponent of the fault movement, but is only an estimate, because of the 

base-level rise caused by alluviation upon the downthrown block. This 

terrace separation is nonetheless a useful proxy for the true incre

ment of displacement, and can be used to deduce various episodes of a 

fault1s movement. In Figure 4d, if Penckian parallel slope retreat 

has occurred, renewed faulting produces a bench on the face of the 

scarp itself, which may provide a means of direct physical correla

tion of terraces in adjacent valleys.

A possible alternative hypothesis to explain a bench on the 

face of the scarp might be the existence of a fault zone, with
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Figure 3a. Fault Scarp and Tectonic Terraces along Stream 4 th®
Sheep Camp Study Area, View toward Northeast. —  Note the 
alluvial fan at the mouth of the stream, extending slight
ly upstream from the scarp. This clearly indicates a 
depositional component of terrace stratigraphy.
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Figure 3b. Fault Scarp and Tectonic Terraces along Stream 4 in the
Sheep Camp Study Area, View toward Southeast onto Surface 
B from Surface C. —  The arrow indicates two 0.5 m diameter 
boulders, near the edge of surface B, at the top of the 
scarp. Within 40 m, the channel and terrace diverge from 
less than 0.5 m separation on the left of the picture to 
4.8 m at the terrace edge near the boulders.



Figure 4« Block Diagrams of Model for Tectonic Terrace Formation.

A. Position of Stream Channel Across a hypothetical Un
faulted Planar Block of Alluvium.

B. Faulting of Alluvium and Entrenchment of the Stream with 
Deposition of an Alluvial Fan Downstream from the Fault.

C. Valley Widening, and Possible Backwearing of the Scarp 
during a Period of Fault Stability. —  The arrow to the 
left indicates the extent of hypothetical slope back- 
wearing.

D. Formation of a Terrace and a Scarp-front Bench due to 
Renewed Faulting and the Resultant Entrenchment.
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Figure 4* Block Diagrams of Model for Tectonic Terrace Formation.



movement occurring along various faults within that zone. Most of the 

length of the fault does not have benches such as exist near the Sheep 

Camp, so such behavior is not common for this particular fault. The 

surface B bench, which is over 200 m long and 10 m or less wide, by- 

intuition, would probably have to be quite indurated to sliver in this 

manner, and still retain its consistent, level profile (note the very 

level nature of the scarp-front benches in Figure $). The digging of 

a trench across the bench of surface B might resolve this question, 

but funds were not available for this purpose. While the narrowness 

of the surface B bench might seem to argue against faulting, the para

dox that slope retreat should happen here, but not be evident else

where along the fault, indicates that faulting, rather than slope 

retreat, may be the cause.

Tectonic and erosional processes acting upon a fault scarp may 

complicate its morphology. The effects of tectonic creep or rapid 

faulting must be considered, as well as the influence of exceptionally 

long periods of stability.

Rapid or continuous tectonism can prevent formation of ter

races. Tectonic creep does not permit the periods of stability needed 

to form the widened valleys that become terraces after subsequent 

faulting. Rapid episodic faulting may cause re-entrenchment before a 

stream can adjust to its new base level, and no terrace would be 

formed (the same result as from creep, though movement is episodic).

Long periods of stability between faulting events may also be 

detrimental to terrace formation primarily because previous terraces

18
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Figure 5- Bench along Front of Fault in Sheep Camp Study Area. —
View is to the east, showing stream 3 on the right, stream 
4 on the left. Closer views of stream 4 are shown in 
Figure 3.
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may be destroyed. During an exceptionally long episode of stability, 

a stream may widen its valley so severely that previous terraces are 

removed. In such a case, careful inspection (particularly if several 

valleys are available) may reveal hints of old surfaces, or breaks in 

slope suggestive of former terraces.

Terrace stratigraphy is an important interpretive tool. Is a 

terrace purely erosional, or did considerable aggradation occur during 

stable episodes? Schumm and Parker, and Schumm, in their 1973 papers 

on complex response of fluvial systems, discuss an artificially 

imposed drop of base level on an experimental drainage basin. The 

base-level fall first caused entrenchment, then a backfilling event as 

the upstream hillslopes steepened and yielded more sediment due to the 

steeper stream gradient, then a second entrenchment occurred as the 

hi!1 slopes adjusted to the new channel, and decreased their sediment 

yield, thereby allowing entrenchment of the stream for the second time. 

The second terrace is non-tectonic, and two entrenchments have been 

produced by one base-level fall. If such a mechanism is common, then 

the amount of secondary backfilled sediment must be accounted for in 

any measure of terrace separations, and values of separation should be 

adjusted accordingly if the depositional component is large. A purely 

erosional stratigraphy requires the absence of a significant backfil

ling stage. If time between faulting events were short, backfilling 

would not occur, but neither might the valley widen itself enough to 

have a sizeable terrace remnant.
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The whole question of complex response must be considered 

carefully. The theory is based upon an artificial experiment whose 

parameters do not necessarily correspond to a real world situation.

In order to understand a complex response situation, one must know 

the interrelation of responses in stream and hillslope subsystems. 

These may be quite different in regions with considerable bedrock out

crop or indurated alluvium as compared to the M sandbox” in which the 

experiment was performed. Furthermore, climatic fluctuations, such 

as have repeatedly occurred in the Quaternary, could very well domi

nate the erosion/alluviation cycle, as has clearly happened in the 

Mojave Desert (Bull, 1976). In reality, the influences of climate and 

complex response upon alluviation would be very difficult, if not-im

possible, to segregate.

The Sheep Camp study area casts light on many aspects of the 

tectonic terrace model. A bench along the scarp front due to possible 

parallel slope retreat is visible in Figure 5* This bench does not 

exist over most of Big Chino Fault, and seems to be an unusual feature 

not mentioned in other fault scarp investigations, yet its presence 

is a key not only to correlation, but to unravelling the effects of 

variation in the rate of fault motion. The potential effects of rapid 

fault movement may be seen (terrace A is not present in some streams), 

and contrasted to the result of exceptionally long periods of stabili

ty (terrace C, in Figure 6; also in Figures 3a and 3b). Stratigraphy 

also helps to illuminate the question of erosional versus deposition- 

al origin of the terraces, as will be discussed below.
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Figure 6. Terrace C at Stream 5, Sheep Camp Study Area. —  Stream 4 
is inset into terrace C, obviously postdating the 
terrace. Stream 5 is in the foreground.
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Evidence of frequent fault movement may be present in the 

Sheep Camp terraces. Five first and second order streams are present, 

which have been numbered 1-5 from southeast to northwest (Figure 2). 

Streams 1, 2, and possibly 5 show a low terrace, A, not found in 

streams 3 and 4» Perhaps since the latter two streams are first order 

streams of small drainage basin size, they were unable to attain an 

equilibrium position relative to the new base level imposed by the 

faulting event between the next highest terrace, B, and terrace A be

fore the second event (terrace A to the present level) occurred. 

Streams 1, 2, and 5 are second order streams of larger drainage area, 

and do exhibit terrace A. Stream 5 is influenced by an additional 

erosional base-level fall caused by headcutting from a nearby major 

stream, and the greater downcutting has possibly destroyed firm evi

dence of terrace A* s existence in that basin.

Evidence of the importance of primary erosion rather than of 

aggradation is also to be found in the Sheep Camp study area. Primary 

erosion would make-strath terraces, while aggradation would produce a 

fill terrace. In a strath terrace, one would expect to find a bench 

eroded into the underlying material, with a thin (maybe one meter or 

less) veneer of alluvium on top. A terrace formed by aggradation 

would have a substantial thickness of redeposited alluvium. Subse

quently entrenched channels should show this aggradational alluvium in 

their arroyo walls, quite possibly to depths measured in several 

meters, depending on the size of the stream. In both strath and ag

gradational terraces, the fill component would be of a particle-size
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distribution compatible with the competence of the stream doing the 

cutting or filling. For example, at Sheep Camp, the redeposited mate

rial would be finer than many of the boulders originally transported 

out of the Black Mesa cliffs. The boulders in Figure 3b are clearly 

too big to have been moved by stream 4» so they must be part of the 
underlying Flio-ELeistocene alluvium. Terrace stratigraphy, primarily 

as revealed by the depth to coarse (and therefore strath) alluvium in 

the soil test pits, but also by observation of the depth to coarse 

alluvium along the terrace edges, is the interpretive tool for addres

sing the strath versus fill problem at the Sheep Camp.

A look at the.non-pedogenic stratigraphy of the soil test pits 

near Sheep Camp (see Appendix A for detailed descriptions) shows fine 

material with scattered pebbles and cobbles down to a depth of 50 or 

60 cm, whereupon the underlying alluvium, bouldery cobble conglomerate, 

becomes dominant. This pattern argues for a strath terrace with a 

shallow alluvial veneer, and a possible eolian component.

The argument for a strath terrace with veneer is strengthened 

by the two boulders in figure 3b. These boulders, each 0.5 m in diam

eter, are perched on the outer edge of terrace B. Since stream 4 is 

only 120 or 130 m in length, it is doubtful that the present stream 
could have placed them there. Their exposure must be the result, 

first, of erosion of the alluvial/eolian cover, (since the boulders 

are on the very lip of the terrace— a site with great erosional poten

tial), and second, erosion of the underlying conglomerate, removing
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the surrounding finer material, and leaving the boulders in their 

conspicuous location.

Aggradation must be of some importance in the terrace stratig- 

raphy, but it is difficult to assess the degree of influence. Figure 

3a shows that stream 4 has a noticeable embayment of the alluvial fan- 
head extending upstream beyond the fault plane. Furthermore, stream 1 

has a substantial fine grained fill towards its headwaters; this fill 

does not correlate readily with any of the terrace levels whose ori

gins are plainly tectonic. This fill component is not clearly evident 

in the other four streams.

A component of the soil profiles resulting from eolian input 

may becloud interpretation, but should not totally obscure the strati

graphic evidence. Regional airfall. of dust, and subsequent incorpora

tion into a soil profile can cause substantial fine grained horizons 

which do not reflect the true nature of the underlying fluvial mate

rial. Such an input of eolian loess has been reported at Mesa Verde 

by Arrhenius and Bonatti (1965)1 but an argillic horizon of this ori
gin still should not be able to mask the shallow depth to coarse allu

vium which would be expected of a strath terrace. It would most 

likely cause fine grained horizons which would blend into horizons of 

coarse conglomerate with a fine matrix if the surficial veneer were 

shallow enough to penult pedogenesis to engulf the conglomerate* s 

upper layer. The abrupt increase in particle size would indicate the 

depth of the veneer. Such a drastic increase should not occur in a 

fill terrace with a great depth of relatively fine alluvium. Eolian
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deposits in a valley, furthermore, should tend to show an undulating 

longitudinal profile when compared to the present day stream channel, 

unless the eolian material has been reworked and redeposited by the 

stream. Although such a profile has not been constructed, it might be 

possible on surface C along stream 5»
Tectonic terraces are evidently of the strath type at Sheep 

Camp, with aggradational terraces in stream 1 not being easily corre

lative with tectonic surfaces. Stream 4 shows evidence of a strath 

terrace (deduced from the shallow depth to coarse alluvium) on terrace 

B, and terrace C above it also seems to be of a strath origin based on 

the rapid appearance of large cobbles below its lip, even though the 

soil profile did not include substantial rocks down to the bottom of 

the soil test pit at a depth of 60 cm.
In summary, the model for tectonic terrace formation is borne 

out by field evidence at the Sheep Camp study area, though not all de

tails are clear. The terraces seem to be of strath origin, though 

processes involving aggradation may add complications. Such aggrada

tion is not dominant. The foremost problem with the tectonic terrace 

model is that episodes of frequent faulting may prevent the formation 

of terraces, and long periods of stability will result in elimination 

of previous terraces due to lateral erosion by the terrace-forming 

stream. Tectonic creep would be essentially indistinguishable from 

rapid faulting in resultant terrace morphology, though the difference 

in the two processes is very important to interpretation. In spite of 

such complications, the model for formation of tectonic terraces
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provides, in suitable locations, a viable means to deduce past fault 

movements. The well developed terraces at Sheep Camp show that this 

portion of the fault has been subject to neither frequent nor continu

ous slip, nor to very long periods of quiescience, though the time of 

formation of terrace C was possibly long enough to obscure evidence of 

some previous terraces. The length of time involved between faulting 

events will be discussed in Chapter 4*

Reconstruction of Movement

Application of the tectonic terrace model in the Sheep Camp 

study area permits reconstruction of the late Quaternary movement of 

Big-Chino Fault. The terrace separations give a quantitative basis 

for analysis of how great each movement was, while geomorphic para

meters Vj. and S (equations 1 and 2) permit a qualitative estimate of 

the duration of the periods of stability between some of the more 

recent movements.

Although inadequate maps and photographs prevented the prepa

ration of a useful map of the distribution of the Sheep Camp terraces, 

Table I presents a summary of the most important features of the vari

ous surfaces. By using the table and by referring to Figures 3 and 

especially $, the reader hopefully will be able to gain a feeling for 

the nature of the terraces along streams 3* 4» and 5* The surfaces1 
general geomorphic natures are summarized in Table I, along with the 

listings of the streams where their presence is established. The ter

race B bench and the great width of terrace C permit excellent corre

lation along streams 3» 4» and 5» but all attempts to correlate this



Table I. Geomorphic Features of the Sheep Gamp Terraces. —  Depth to alluvium and CaCCL stage are 
from Appendix Aj crestal rounding data is from Appendix B. The terraces along streams 3, 
4 f and 5 cannot be correlated satisfactorily to those along streams 1 and 2. A large 
embayment on stream 1 is probably terrace C, but its lip along the stream may be terrace 
B, with no clear boundary between them. The maps and aerial photographs available are 
inadequate for presentation of a useful map.

Surface Depth to
coarse
alluvium

CaC03
stage

Average width of 
zone of crestal 
rounding

Streams where 
surface is 
clearly present

Geomorphic nature

mod e m
fan

65+ cm I 1,2,3,4,5 at foot of scarp, 
slightly embayed up
stream from scarp

A 1.15 m l,2i5(?) not very prominent, 
fades out between 
streams 2 and 3 in a 
position below B

B 50 cm I or II 4*1 m 3,4,5, very prominent scarp- 
front bench, congruent 
to embayed terrace 
remnants upstream 
from the scarp

C 70+ cm II 6.7 m 4,5;l(?) very deeply embayed,
0 0 1 V I  xr m c rclearly representing 

a considerable period 
of stability



Table I, Continued

Surface
r

Depth to
coarse
alluvium

CaCCy

stage

Average width of 
zone of crestal 
rounding

Streams where 
surface is 
clearly present

Geomorphic nature

D 60+ cm II 9.5 m 3,4,5 shelf on rounded nose
of interfluve, sub
stantial eolian con
tribution may be 
present in soil

E II 3,4 shelf on rounded nose 
of interfluve

F 60+ cm III 1,2,3,5 faulted piedmont fan 
surface, predates
late Pleistocene rup
ture along Big Chino 
Fault, substantial 
eolian contribution 
to soil



sequence to streams 1 and 2 have failed, with the exception of terrace 
A, which fades out on the scarp face of the interfluve between streams 

2 and 3 at almost the same point where, coming from the other direction, 
bench B fades out. Surface B is clearly higher than terrace A at this 

point. Table I also summarizes the depth to coarse alluvium on these 

surfaces (which tends to indicate that they are strath terraces, with 

an eolian blanket on top), the stage of carbonate accumulation in the 

soil profiles, and the average width of the zone of crestal rounding 

(summarized in Appendix B). These last two parameters will be discus

sed in Chapter 4» as they are involved in the question of the time of 

faulting.

Figure 7 summarizes the heights of the surfaces at stream 4 in 

the Sheep Camp study area, ranging from terrace A, the most recent, 

to surface F, which is not a terrace, but the upfsuited remnant of the 

former piedmont alluvial fan. Terrace A is well developed in streams 

1 and 2, but its presence is not clear in streams 3t 4* and $. It 

seems to be present as a break in slope in stream $, and its presence 

has been extrapolated to stream 4 in Figure 5. Terrace B, well devel- 

oped in streams 3 and 4 (the inset terrace in Figures 3a and 3b), is 

present as an eroded remnant in stream 2 and as a break in slope on 
stream 5» In stream 1, the large terrace is probably a composite of 

terraces B and C, but the boundary is gradational. Terrace C is very 

well developed. It is a broad surface at stream $, into which stream 4 

is inset (Figure 6), obviously postdating stream 5*s terrace C. The 

terrace is present as a break in slope in streams 2 and 3* and is part

30



A  (extrapolated position)

Figure 7. Heights of Terraces (in Schematic Cross Section) at Stream 4. Sheep Camp Study Area. —
Heights are in meters, not to scale, and al*e correct relative to each other. v>
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of a very large surface in-stream 1— the lower part of which is 

probably terrace B, but the rear of whose tread must be terrace C. 

Terraces D and E, poorly preserved, are either breaks in slope or 

rounded benches on the noses of the interfluves where they intersect 

the fault scarp. These two surfaces and other possible early terraces 

probably have been substantially eroded away during the long period of 

stability in which the very wide terrace C was cut. Since these ter

races yield elevations that are at the rear of the tread, or even on 

the riser behind the former tread, they are of rather dubious value 

for making inferences of terrace separation. Surface F, the upper fan 

surface, often does not extend all the way to the scarp. Some inter^- 

fluves have had their crests rounded by terrace formation, and surface 

F may be found a fair distance back from the scarp. Technically, this 

surface is the reference plane from which other surfaces should be 

measured, since it has been affected only be denudation (probably not 

much, since it has a stage III carbonate horizon 45 cm below the sur

face). The downthrown block has been the recipient of substantial 

alluviation, and thus is of little value as a reference plane.

The quantitative parameters and S may be used to infer rela

tive lengths of time of stability for various faulting episodes.

Ratios of less than 1.0 (especially less than 0.5) imply high valley 

walls compared to valley floor width, with progressively higher values 

indicating increasing valley floor width to valley wall height, and 

therefore implying greater lateral erosion and possibly pedimentation. 

Sinuosities of less than about 1.5 imply a fairly straight scarp or
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mountain front, while higher values imply increasingly greater 

embayment at the front. Table II presents these parameters, calcula

ted for the Sheep Camp study area. Data for are not presented for 

every terrace on every stream due to difficulties in correlation of 

particular surfaces in any given drainage basin. In spite of the gaps, 

trends are evident. Both terraces B and C have higher (i.e. wider)

Vj. ratios than the modem stream, which indicates that the periods of 

stability during which B and C were formed were of significantly great

er duration than the time since the last faulting— an event to which 

the streams just now seem to be adjusting. Sinuosity also indicates 

this trend. Sinuosity along the present scarp is 1.1, while S measured 

along the break in slope at the back of terrace C is 2.0. The washes 

have not accomplished much valley widening since the most recent 

faulting event.

Seismic Implications

A flight of tectonic terraces can yield an understanding of 

the recent seismic history of a fault. By using the separations be

tween terrace levels, the seismic moments of the causal earthquakes 

may be calculated. • This- assumes, however, that the separation was 

caused by only one movement, and without tectonic creep. Such assump

tions may not be completely correct, but they provide a means of esti

mating the maximum seismic event for a given fault.
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Table II. Quantitative Geomorphic Parameters of Big Chino Fault Scarp, 
Calculated Mostly at the Sheep Camp Study Area. —  is 
valley floor to valley width ratio, and S is the 
sinuosity of the fault scarp.

Stream V
modem B C

1 0.9 19.9

2 0.9 14.7

3 6.0
4 9.1

5 8.5

S:
Overall— 1.1 measured over 16.5 km 
Terrace C— 2.0 measured over 1 km
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Seismic moment of an earthquake may be calculated if the 

amount of movement and the areal extent of the fault plane can be dis

cerned. Brune (1968) defines source moment of an earthquake, and 

solves for displacement:

D = Mo/pA (3)

where D is the average displacement from a given earthquake, Mo is the 

seismic source moment, y is the rigidity of the crust, and A is the 

area of the fault plane that moved in the earthquake. If the equation 

is solved for Mo, then:

Mo = DyA (4)

The area A may be defined by the simple trigonometric relationship

A = (HL)/sin 0 (5)

where H is the vertical depth of faulting, L is the length of the rup

ture, and 0 is the dip of the fault plane. These may be combined to

yield equation 6:

Mo DyHL___
sin 0 (6)

The seismic moment, once calculated, may be used in an empirical deter

mination of the magnitude of the earthquake, using Figure 8 (Figure 1 

of Brune, 1968, p. 778).
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Magnitude M

Figure 8. The Relation of Seismic Moment and Surface Wave Magni
tude. —  Figure 1 of Brune, 1968, courtesy of the American 
Geophysical Union.



A solution of equation 6 can be calculated using some simple 
measurements and assumptions regarding Big Chino Fault. The length of 

the fault, 50 km, can be measured, as can the increments of displace
ment recorded in the terrace separations. The separation between 

terraces B and C, 3«7 m, is the clearest in the Sheep Camp area, so it 

is suitable for a sample calculation. Depth of faulting, the angle of 

the fault plane, and rigidity must be assumed. Depth of faulting may 

be 10 to 15 km, and rigidity is 1 to 3 x 1 0 ^  dynes/cm^ (Sbar, personal 

communication) • We can assume 60° to be the dip of the fault plane for 

a normal fault. Assuming 10 km depth and 3 x 10^" dynes/cm^ for rigi- 

dity, the seismic moment is 6.4 x 10 dyne-cm, yielding a surface 

wave magnitude, Mg, of about 7*
To gain an idea of the possible ranges of moment at Big Chino 

Fault, some of the assumptions and measurements at either end of the 

probable spectrum can be used. Using various values as set forth in 

Table HI, the magnitudes are seen to range from mid 6*s to low 7fs. 
Since the scarp separations from Figure 7 fall in the center of the 

range for D given in Table H I ,  the earthquakes which resulted in 

significant surface movements along Big Chino Fault had surface wave 

magnitudes of close to 7, which probably approach the maximum possible 
earthquake intensity for this fault.

Although the terraces represent a portion of the seismicity of 

Chino Valley, a portion that can be reconstructed, they do not repre

sent the entire picture. Terraces do not record any earthquake along 

Big Chino Fault that did not displace the surface. If creep or rapid
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Table III. Various Possible Seismic Moments and Inferred Magnitudes 
for Big Chino Fault. —  Line a is a sample calculation 
with the separation between terraces B and C at stream 4 
at the Sheep Camp. Line b represents a minimum with 
movement on the southeastern 2/3 of the fault. Line c 
represents a minimum with movement on the whole fault. 
Line d represents a maximum with movement along the whole 
fault. Symbols are explained in the text. Since 
Figure 8 actually has a lot of scatter, interpretation of 
magnitude, M , is very probably less accurate than this 
table indicates. Magnitudes are probably best described 
as ranging from mid 6fs to low 7’s without trying to 
elaborate further.

D u H L Mo Ms
meters dyne/cm2 tan tan dyne-cm

a 3.7 3 x 1011 10 50 6.4 x 1026 7.1

b 1 1 x 1011 10 35 4.0 x 1025 6.3

c 1 1 x 1011 10 50 5.7 x 1025 6.4

d 10 1 x 1011 15 50 2.6 x 1027 7.3



successive faulting had occurred, the terrace data would exaggerate 

the magnitude of the major earthquakes. Finally, Big Chino Fault 

gives no clue to regional seismicity occurring along other faults in 

this region. A brief picture of the past may be seen nonetheless, 

giving an idea as to the maximum previous seismic event along Big 

Chino Fault.



CHAPTER 3

TECTONIC GEOMORPHOLOGY OF THE MOUNTAIN FRONT

To put together a complete tectonic picture of the northwestern 

end of Chino Valley, not only the scarp, but the mountain front behind 

it must be considered. The very existence of the 250 m high cliff at 

Black Mesa indicates significant tectonism in the past. This chapter 

will apply tectonic geomorphology to the southwest side of Black Mesa 

to infer some of its tectonic history.

Methodology

To study the Black Mesa cliffs, several techniques were em

ployed, primarily on drainage basins with fifth order streams. and 

S of Bull and McFadden (1977) were calculated along with R , the 

drainage basin elongation ratio put forth by Cannon (1976):

diameter of a circle with the
Rq = same area as the basin_______

distance between the two most
distant points in the basin (7)

Drainage basin area was derived by planimeter from USGS 15* series 

topographic maps, which were also used to determine the distance be

tween the two most distant points (basin chord). The question of 

whether the mountain front is a product of pedimentation or of a 

second major fault nearer to the mountain front was approached by map

ping of bedrock and alluvium in the Sheep Camp Wash— Dry Well .Wash
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embayment. The age of the deposits near the mountain front is 

estimated as Tertiary(?) by Krieger (1965, 1967a), and a soil profile 

on surface F gives no data to amplify or deny her deduction, though 

the author feels a ELio-Fleistocene(?) age is more likely. A Tertiary 

surface would be more likely to have a stage IV calcic horizon in this 

environment, while stage III was found in the profile. Briefly, car

bonate accumulation stages in soils are described by Gile, Peterson, 

and Grossman (1966), with stage I being the presence of minor carbonate 

filaments and pebble coatings, stage II showing substantial carbonate, 

but not enough to fill entirely the pore spaces in the soil, stage III 

exhibiting total induration of the horizon with plugging of pore spaces 

and stage IV. having a laminar CaCO^ horizon on top of the plugged zone 

due to ponding of percolating soil water.

Results

The cliffs of Black Mesa can be described in terms of "mountain 

front activity classes" (Bull, 1973), and seem to be on the border be

tween class 2 (moderately to slightly active tectonism) and class 3 

(inactive). The other class, class 1, is for tectonically active moun

tain fronts. Part of the determination of the tectonic class of the 

Black Mesa cliffs is dependent upon deducing whether the mountain front 

is a product of pedimentation or of multiple faulting, with the main 

mountain bounding fault being closer to the cliffs than Big Chino Fault.

Mountain front activity classes are defined on the basis of 

local base level stream processes, but can be described by morphologi

cal parameters of the mountain front, such as and S. Class 1
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mountain fronts occur where mountain uplift is occurring at a much 

more rapid rate than channel downcutting or piedmont erosion, result

ing in v shaped canyons with narrow flood plains in the mountains, 

and aggrading alluvial fans at the mountain front. Class 1 fronts in 

the Mojave desert tend to have ratios of less than 1.0 and sinuosi

ties under 1.5 (Bull and McFadden, 1977)• A class 2 mountain front is 

one where uplift of the mountains is occurring at a slower rate than 

channel downcutting, but channel downcutting is occurring at a faster 

rate than overall piedmont erosion. The result is an entrenched al

luvial fan with old soils on the fanhead. In class 2 cases in the 

Mojave Desert, mountain front sinuosities are generally 1.8 to 3»4» 

with valley floor widths that are wider than the floodplain of the 

stream. Glass 3 Mojave mountain fronts are generally pediments.

Their values for S range from 2 to 7, they have very wide embayments 

for valleys (high ratios), and are produced when the rate of uplift 

is much less than the rates of channel downcutting and piedmont ero

sion. Variation between the last two ratios can produce different 

types of class 3 fronts, but to be class 3, the rate of uplift must be 
far less than the other two process rates.

Use of the data from Table IV can help determine the activity 

class of the Black Mesa cliffs. Sinuosity indicates a class 2 to 3 

mountain front, while V^ suggests a class 3 front. Since measurements 

of sinuosity are often affected by the level of resolution of maps or 

aerial photographs (Bull, personal communication), the balance may 

tilt in favor of a class 3 interpretation. Maps of the Black Mesa
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Table IV. Quantitative Geomorphic Parameters for the Black Mesa Cliffs.

V. Rf e

Dry Well Wash 0.66
Sheep Camp Wash 0.56
Power line Wash 5.3 0.55

Phone line Wash 5.1 0.57

Red Hat Wash 5.1 0.66
Small Wash 2.2 0.58
Wineglass Wash

S = 2.7
R = 0.60 e
Vf = 4.7

5.9 0.59

I
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cliffs are not as accurate as might be desired, yielding a lower S 

than perhaps might be calculated from Tk1 series quadrangles. Drain

age basin elongation (Re) may be useful, but is not diagnostic of tec

tonic activity class. The mean Re for Black Mesa is about 0.60, a 

value indicative of significant elongation, and hence suggesting rela

tively active terrain. Re is a complex factor, however, and should 

best be interpreted in light of related parameters such as structural 

control, time (of an order of magnitude up to 10^ years), and total 
relief of the basin. In Bull and McFadden (1977), Re values for the 

Panamint Range, California, averaged 0.53 for the class 1 west side, 

and 0.69 for the class 2 east side. Strict comparison of Black Mesa 

to these values would indicate class 1 or 2, in contradiction of other 
indicators. The Panamint Range, however, has a relief of 3500 m as 

opposed to 250 m for Black Mesa. This difference in total relief 

clearly demands a difference in interpretation of R^, but the data 

base will have to be expanded substantially before conclusions may be 

drawn as to the place of Re in determining tectonic activity class.

Due to the length of time needed for drainage basin shapes to alter 

enough to be reflected in Re, especially in large mountain ranges, 

perhaps this parameter is better suited for studies of events of the 

earliest Quaternary and latest Tertiary rather than of the late 

Quaternary.

Understanding the stratigraphy and structure of the Black Mesa 

mountain front is vital to determining its tectonic activity class, 

and the embayed valleys of the major drainage basins may offer the
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solution to this question in the geology of the embayment floors. 

Stratigraphically, the presence of a substantial thickness of alluvium 

in the embayment would argue for class 2, while pedimented bedrock 
with a thinner alluvial veneer would represent class 3* Structurally, 

if the mountain bounding fault is Big Chino Fault, then substantial 

pedimentation (average 0.7 km of slope retreat) has occurred, while if 
the bounding fault is closer to the topographic mountain front, less 

time since stabilization is necessary, and class 2 is a possibility. 
Figure 9» a geological map of the Dry Well Wash/Sheep Camp Wash embay

ment, displays the evidence regarding this classification problem, 

which will be discussed below.

Stratigraphically, evidence for both pedimentation and an old, 

thick alluvial blanket exists. The soil profile on surface F, which 

is the same fan surface that extends well into the embayment, has a 

stage III carbonate horizon and a substantial depth of profile develop

ment (60+ cm), so it is probably at least late Pleistocene in age. The 

age of the soil tends to preclude a class 1 (active) interpretation, 
and the thickness of alluvium in the embayment would indicate class 2. 
On a pediment (class 3), the alluvial blanket is shallow, and is liable 

to be reworked. More importantly, a class 3 pedimented terrain should 

have outcrops of bedrock evident, particularly in the stream channels. 

An outcrop comprising a couple of hectares of granitic corestones on 

the north side of Dry Well Wash (NW %- Sec. 16, T 20 N, R 4 W) extends 

as much as 0.5 km basinward beyond the topographic mountain front, but 
it is buried by alluvium to the south, and Dry Well Wash, though
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10-15 m below the granite, has alluvial banks and bed. No conclusive 

evidence is present as to whether the outcrop of granite is erosional 

in origin or has structural control. Its existence is evidence for 

some pedimentation, but how much is not clear. Substantial pedimented 

bedrock indicates class 3» but the continuous alluvial cover is contra
dictory. Since the alluvium is being removed (much of the embayment 

has substantial gullies in the alluvium) perhaps the situation is that 

of the transition stage between class 2 and class 3» On the other 

hand, this denudation is very possibly a result of headward entrench

ment from the base-level drop caused by movement of Big Chino Fault. 

While geophysical data would help resolve the extent of bedrock and 

depth of alluvium, such information is not available and other inferen

tial evidence must be sought.

The structural aspect of the class 2/class 3 problem is one of 

determining if Big Chino Fault is the only fault, implying much pedi

mentation, or if evidence exists for multiple faults. Faults upstream 

from the topographic mountain front would imply a greater possibility 

that a similar fault(s) lies buried between the mountain front and Big 

Chino Fault. The abrupt edge of the granitic outcrop mentioned in the 

previous paragraph might be a fault, since the alluvial sediments to 

the south are structurally lower than the granite. This fault would 

be perpendicular to the mountain front, however, and might not be rele

vant to the question. A second granitic outcrop along the south bank 

of Sheep Camp Wash at the head of the embayment (SE|- of NB|-, Sec. 16) 

may be more significant. This granite is at least 15 m higher
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structurally than an outcrop of Tapeats Sandstone 150 m to the west. 

The intervening distance is covered with colluvium, obscuring the 

relationship. An investigation of this site revealed the possibility 

of two faults (Figure 9)» but the colluvium covers the contacts and 

fault zones. Evidence is equally obscure uphill in the Tapeats Sand

stone, which the fault should also disrupt. The difference in struc

tural elevation may be primary topography on the Precambrian-Cambrian 

unconformity, but if it is a fault, it increases the possibility of a 

fault betweeen the mountain front and Big Chino Fault, and may indi

cate a class 2 mountain front.
Some rotation of fault blocks may have occurred along Big 

Chino Fault, and if so, it has probably affected the mountain block 

too. Figure 10, a map of the fault trace, shows three en echelon 

steps to the northwest of Partridge Creek, and the southeastern end 

of the fault seems to have two subsidiary blocks alongside the main 

fault.

A striking linear feature along Partridge Creek, perpendicular 

to Big Chino Fault, may be a fault. Surface F is several tens of 

meters higher on the southeast side of Partridge Creek, and the whole 

fault trace becomes less obvious north of the creek. The possibility 

of a tilt component of fault motion does exist, though lack of evi

dence prevents analysis of its nature.

Summary

Prior to the movement of Big Chino Fault that is expressed by 

the present scarp, Black Mesa was tectonically inactive for a period
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of sufficient length to result in at least incipient pedimentation. 

While it remains to be resolved whether the mountain bounding fault is 

close to the topographic mountain front or is Big Chino Fault (the 

latter case indicating substantial pedimentation), the mountain front 

morphology has developed to at least a class 2, probably class 3» 
stage. Analysis of the length of time between tectonic movements is 

subjective, but estimates may be made, and will be discussed in Chapter 

4. Certainly Black Mesa stabilized for a substantial period of time, 

at least most of the Quaternary, prior to renewal of uplift along Big 

Chino Fault. There is a possibility of a rotational component during 

this late Quaternary period of renewed movement, though the nature of 

this rotation has not been discerned.



CHAPTER 4

GEOCHRONOLOGICAL CONTROL

Determination of the time of occurrence of geologic events is, 

of course, one of the keys to their proper interpretation. In Chino 

Valley, the relative dating of events is obvious. The mountains were 

uplifted and eroded to form the alluvial apron which Big Chino Fault 

breaks. The relative dating of tectonic terraces is also clear— the 

higher the terrace topographically, the older it is. As for absolute 

dating, the problem immediately becomes far more difficult. Absolute 

dates are important for constructing a historical chronology; they 

also enable calculation of rates of fault displacement, vital to inter

pretation of regional tectonism. The methods used for dating Big 

Chino Fault are mostly subjective due to lack of geologic situations 

permitting absolute calculation of dates.

Applicability of Common Methods of Time Control 

The usual methods of calculating absolute dates do not work 

along Big Chino Fault for various reasons. These methods include 

radiometric techniques, paleomagnetism, and tree ring dating. The 

first method does not work primarily due to unfavorable geological 

conditions (though U/lh disequilibrium is an untried possibility), 

while the latter two methods are effective only on opposite sides of 

the time bracket during which the faulting probably occurred. Local
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sedimentologic and pedogenic conditions, furthermore, are not 

conducive to preservation of magnetic signatures, while the preserva

tion of enough dendrochronologically significant old wood samples in 

an appropriate fault-related context is improbable, due to decay.

These conditions effectively eliminate the use of paleomagnetism and 

tree ring dating techniques along Big Chino Fault.

The limitations of radiometric techniques are primarily im

posed by the need for source minerals in a geologically significant 

context. Considerable basalt is present to the northeast of Big Chino 

Fault, but the youngest dates available are 7*4 my (McKee and McKee, 

1972), and 8.7 my (Damon, Shafiqullah, and Leventhal, 1974)• These 

dates were from basalts near Ash Fork, and their antiquity raises 

doubt as to the recency of the basalts near Big Chino Fault. The 

data are sparse, however, and younger flows may be present, with flows 

along Partridge Creek having a potentially significant relationship 

to sediments ruptured by Big Chino Fault. The possibility for future 

work with these flows will be discussed in Chapter 6. The use of C^*- 

to date caliche in the geomorphic surfaces near Sheep Camp is also 

problematical, due to the strong possibility of sample contamination 

from "dead" Paleozoic carbonate in the alluvium derived from the Black 

Mesa cliffs.

In the Mojave Desert, dating by Uranium/Thorium has been at

tempted (Ku, et al., in press), but the results are dependent upon 

the local geologic setting. When carbonate forms in the soil, it 

incorporates a small amount of uranium isotope (a few parts per



million), but essentially no thorium, the daughter product of U decay. 

Since the U is highly soluble, it must be isolated from the normal 

leaching system of the soil. This isolation seems to occur satisfac

torily in the center of the large carbonate accretions on the bottom 

of pebbles and cobbles in well developed calcic soil horizons (car

bonate accumulation stages III and IV of Gile et al., 1966). If this 

horizon is part of a relict soil, as is the one on surface F at Sheep 

Camp, dates on the carbonate could yield a minimum age for the surface, 

and also for any terraces with well developed calcic horizons. U/Th 

is not affected by the Paleozoic carbonate, as is, so potential 

seems to exist along Big Chino Fault for dating by U/lhj it has not 

been attempted.
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Morphological Criteria for Time Control 

While dating of geological features by their morphologies is 

often subjective and laden with potential pitfalls, sometimes this 

technique is the only one available. Recent works by Wallace (1977) 

and Bucknam and Anderson (1978, in preparation) have addressed the 

relationship of scarp morphology evolution and time. While their 

papers involve assumptions that may not apply in Chino Valley, their 

work provides a base against which Big Chino Fault may be compared.

Wallace*s 1977 article builds its age analysis out of a 

thorough discussion of the processes shaping scarp morphology. He 

analyzes the roles of gravity'and slope wash upon a'fault scarp through 

time, then compares the morphologies of scarps of known ages and 

extrapolates the trends into the past. Two of his criteria that are
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are used in this study to analyze Big Chino Fault are slope angle of 

the scarp, which should decline with age, and rounding of the scarp 

crest, which should increase with age.

Bucknam and Anderson (in preparation) address themselves to 

the relation of slope angle to height. This consideration is impor

tant because slope length affects the quantity and possibly velocity 

of water flowing down a slope after any given storm. In their article, 

Bucknam and Anderson plot slope angle against the logarithm of the 

scarp height, and collect data from several fault scarps of different 

ages. The results are logarithmic curves with a systematic offset as 

age increases.

Significant problems are present in dating scarps by morphol

ogy, even though some useful trends have been found. These problems 

are all mentioned by Wallace (1977)» but they deserve discussion, 

specifically with relation to Big Chino Fault. They include the pos

sible influence of different types of alluvial lithology upon the 

scarp, the effects of different climates upon scarps in different re

gions, the influence of the Pleistocene/Holocene climatic change upon 

the morphology of any given scarp, the accuracy of the dating of the 

scarps from which graphs were extrapolated, and finally, the effect of 

multiple displacements.

Wallace assumes that a U  the scarps are in poorly indurated 

fanglomerate; he does not present an analysis of data along his 

numerous scarps to show the effects of induration where it is present. 

Before faulting, alluvium might be indurated throughout, or might have
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a caliche layer present. The former would cause the alluvium to 

behave like bedrock, while the latter would act like a capstone. Both 

would result in steeper slopes for a given time than Wallace's (1977) 

slope/time calculations would indicate. The presence of caliche in 

Wallace's study area is probable, due to the arid climate. While this 

caliche is probably present as an influence on Wallace's curves, even 

if it formed after faulting, it would cause steeper scarp angles than 

might be found in regions without caliche. In an alluvium full of 

carbonate (as is the case in Chino Valley) the assumption of non

induration may be much less valid. Case hardening can cause signifi

cant induration within a very few years after aerial exposure of a 

slope (Lattman and Simoriberg, 1971) • The alluvium along Big Chino 

Fault has substantial calcic soil horizons, both pre- and post-faulting 

and much other thoroughly indurated alluvium is present. This per

vasive induration may be due to a combination of pedogenesis, gully 

bed cementation, and case hardening. The result is quite possibly 

that of causing steeper slopes, and hence yielding age estimates from 

Wallace's graphs that would be too young.

The difference in climate between arid central Nevada and 

other areas could have a significant influence upon scarp morphology, 

but Wallace's scarps, all being in a similar climate, do not permit 

interpretation of the effects of various climatic regimes. He does 

discuss this problem, but only to say that more runoff would speed 

processes of degradation. Chino Valley has almost 400 mm of rain per 

year, while in Wallace's study area, this quantity occurs only at high
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elevations. Most of his scarps, at the foot of the mountains, 

receive less than half the rain of Chino Valley. The effect of great

er moisture would most likely be to speed erosion of the scarp, round

ing the crest and causing a decline in slope angle, though increased 

moisture might also speed the formation of a calcic horizon in the 

soil, hence placing a capstone atop the scarp and helping to maintain 

a steeper angle. The same discussion is pertinent to Bucknam and 

Anderson’s (in preparation) Utah scarps to be discussed below. While 

their summer climates are similar to Big Chino Fault, their winters 

are 7° to 10° C cooler, and they have only 2/3 to l/2 the precipita

tion of Chino Valley (Brown, I960). More information is needed from 

dated scarps in various climates to resolve climatic influences.

The Fleistocene/Holocene climatic change has had profound 

effects upon sediment transport in some arid regions. Bull (1976) 

documents an early Holocene flood of sediment being stripped from 

hin slopes in the Mojave Desert and deposited in the valleys. Such a 

slug of sediment could overwhelm a fault scarp, obscuring evidence of 

motion, or the climate change could alter the erosion pattern of the 

scarp itself, causing different behavior than is predicted by Wallace 

(1977)• That Earth has been subjected to a complete glacial cycle, 

with several subcycles, in the last 100,000 years makes it clear that 

Big Chino Fault has experienced multiple climatic regimes, and this 

alone may be sufficient to cause departure from Wallace’s predicted 

slope angle/age relationship.
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Accurate dating of the scarps from which age relationships 

have been extrapolated is certainly critical to the reliability of 

the results. The papers of Wallace (1977) and of Bucknam and 

Anderson (in preparation) both have difficulty dating faults beyond 

12,000 years.

While Wallace has some historical scarps for a point of 

departure, his time control deteriorates rapidly with increasing 

scarp age. He dates a scarp associated with Lake Lahontan shorelines 

at about 11,000 years BP. Recent work by Benson (1978) shows that 

Lake Lahontan had two high stands— one at 25,000 to 21,500 years BP 

and another at 13,000 to 11,000 years BP. If the shoreline affecting 

the scarp is the older one, then Wallace's curve (Figure 11) would 

shift slightly to the right. Since this shift is small on the loga

rithmic scale with which the figure is drawn, it is possibly insigni

ficant. On the other hand, this time difference does come close to 

bracketing the Pleistocene/Holocene boundary, so perhaps determina

tion of the shoreline's exact age is significant in helping resolve 

the influence of the climatic change on scarp morphology. The fan- 

glomerate curve in Figure 11 is extrapolated with very little control 

past 12,000 years, and Wallace emphasizes that it is merely postulated, 

with only one datum based on the observation that fans of 10^ years in 

age have slopes of 3° to 5°»

Bucknam and Anderson (in preparation) also have difficulty with 

accurate dating. The dashed regression lines in Figure 12, showing 

their data, represent faults whose age increases progressively to the
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Figure 12. Scarp Angle versus Scarp Height. —  A comparison of data
from Big Chino Fault to results of Bucknam and Anderson (in 
preparation). Solid dots represent data from various pla
ces on Big Chino Fault; circled dots are from terrace B 
at the Sheep Camp study area. Since the regression lines 
are essentially isochrons, dates for the T (for total or 
overall), and B (for terrace B) lines are derived by com
paring their positions to the established isochrons of 
Bucknam and Anderson (the named and dated lines).
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right. If one is going to infer the age of an unknown fault on the 

basis of the location of its regression line between two lines of 

known age, then the accurate dating of the primary reference faults is 

crucial. While all of the reference faults in Figure 12 were dated 

through subjective reasoning, the ages of the two younger ones are 

probably quite reasonably estimated. The Fish Springs and Drum Mourt- 

tain Faults both post-date the Lake Bonneville Provo II shorelines 

(circa 12,000 years BP) with the Fish Springs scarp appearing mor

phologically to be much younger, while the Drum Mountain Fault seems 

to be of an age close to that of shoreline features. Problems arise 

with the Panguitch scarp. Relationships of well developed calcic 

soils to the scarp suggest an age of at least a few tens of thousands 

of years, and analogy in intensity of disection to a scarp dated by 

ashfall at less than 5 x 10^ years suggests half a million years as 

a maximum age for the Panguitch Fault. Such a coarse level of time 

definition makes it difficult to draw any temporal conclusions from 

data that plot near the Panguitch regression line, as does Big Chino 

Fault (dots and solid lines on Figure 12). Bucknam and Anderson (in 

preparation) suggest that the age of the Panguitch scarp is one or 

two hundred thousand years old.

If a fault is subject to multiple movements, as is Big Chino 

Fault, comparison of the angle of the scarp face to that angle on a 

scarp resulting from one movement is tenuous. Since a fault subject 

to multiple movements will have a compound slope on its scarp, with 

the higher portion, of greater age, being gentler than the lower
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portion, the time of movement will appear to be older than its most 

recent dislocation when compared to data compiled from single-movement 

scarps. Interpretation of the older movements on a compound scarp 

will be difficult because the scarp slope has been disturbed and 

steepened by more recent movements, yielding an age too young when 

compared to single-movement scarps. Formation of ideally faceted 

slope angles would be necessary to interpret ages from scarp angle on 

a compound scarp, and no such ideally developed slope segments have 

been observed, at least to the degree where finely resolved measure

ments could be taken. Some Drum Mountain scarps have compound slopes, 

and this is probably quite common in nature. As a result, the Drum 

Mountain line in Figure 12 is an average of several movements. The 

result of this type of scarp-face morphology is to decrease the ac

curacy of ages deduced by Bucknam and Anderson’s (in preparation) 

or Wallace’s (1977) methods.

Soil profiles were dated by comparison to carbonate accumula

tion as outlined by Gile et al. (1966). While the reliability of 

• these dates may be in question due to the large amount of carbonate in 

the parent material, the dates provide an independent method to be 

compared to those deduced from slope morphology.

Recently, the dating of calcic paleosols has been approached 

in a different manner by Machette (1978), and the method may prove 

relevant to Big Chino Fault. Machette dated several faulted surfaces 

in New Mexico by measuring the total CaCO^ content in a 1 cm^ sample 

of calcic horizon, and calculating a rate of carbonate accumulation by
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pedogenesis. He obtained this rate by dating the oldest surface by 

its direct relation to adjacent volcanic rocks, then plotting pro

gressive accumulation of carbonate on the different surfaces as they 

were created by faulting. The technique seems promising in relation 

to Big Chino Fault, but the author feels that an independent date on 

surface F would be necessary to calibrate curves for Chino Valley. 

Blind application of the New Mexico rates probably would be a serious 

mistake, due to differences in parent material and climate.

In spite of many potential shortcomings, the use of morpholo

gical criteria to date Big Chino Fault is necessary. No other means 

seems to be available. While the results must be taken with a few 

grains of salt, they provide at least a rough time frame— more than 

seems to be available from more conventional methods of dating.

Methods Used to Measure Scarp Morphology

Scarp height, scarp angle, and rounding of the scarp crest 

were measured to calculate the relevant morphological parameters used 

to interpret the age of faulting. Scarp height was measured with a 

Jacob staff at the locations where scarp angles were measured. Scarp 

angles were measured by standing at the top of the scarp and sighting 

down the face. By stepping back from the scarp until the crest 

obscured vision down the scarp face, the dominant slope of the face 

could be measured by sighting down the face with a Brunton Pocket 

Transit and measuring the angle with the inclinometer. Results 

obtained by this method probably can be reproduced within about 3°« 

Scarp rounding was measured by anchoring a measuring tape at the
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point where the upper faulted surface began to show influence of 

rounding, and stretching the tape towards the face of the scarp. 3y 

noting the uppermost point where the dominant scarp slope ceased, 

becoming more rounded, determination of the width of the rounded por

tion of the crest was possible, with the tape held taut horizontally. 

The ability to reproduce results by this method may vary with the 

worker, but the results obtained (Appendix B) seem reasonably consis

tent.

Results

Compilation of ages from various morphological dating methods 

results in a variety of age estimates, but aids in drawing likely 

conjectures as to times when movement occurred along Big Chino Fault. 

Relationships from Wallace (1977) and Bucknam and Anderson (in prepara

tion) have been used, along with dates derived from soil horizon 

development, after Gile et al. (1966). In addition, comparison of 

morphological parameters compiled for the Black Mesa cliffs against 

Mojave Desert data of Bull and McFadden (1977) permits a subjective 

analysis of when the tectonic episode uplifting the mesa ceased.

The various methods of morphological age analysis do not 

necessarily yield direct answers for dates of faulting. The upper 

surface at the Sheep Camp was in existence preceding the first late 

Pleistocene rupture event, so calcic soil horizons would yield infor

mation about the age of the surface, rather than the age of faulting. 

The age of rupture should be preserved along the scarp, but at the 

Sheep Camp, surface F does not intersect the scarp, so it may not be
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dated by scarp slope, zone of crestal rounding, or slope versus 

height. The tectonic terraces are much more amenable to these morphol

ogical techniques than the upper surface, but one must measure the 

scarp at.the.faulted downstream edge of the terrace, not stream em

bankments upstream from the scarp. Such embankments may substantially 

postdate the faulting event, for once a fault dislocation occurs, the 

stream must downcut and then widen its valley. Valley widening con

tinues until the next faulting and entrenchment, so terrace risers 

can be as young as the next youngest faulting event. Bearing in mind 

that a distinct scarp face must be present to use Wallace's (1977) 

and Bucknam and Anderson's (in preparation) criteria, and that soil 

profile development does not depend directly upon the physical dis

location of the fault, these techniques nonetheless may be used on the 

soils and faulted edges of terraces to gain a better idea of when the 

various late Pleistocene dislocations of Big Chino Fault occurred.

Wallace's slope versus time analysis has been presented earlier 

(Figure 11) in a general discussion of time control. This figure 

permits rough estimation of ages for both terrace B and the overall 

scarp. By using minimum, maximum, and average slope angles for the 

respective slopes of the scarp front (Appendix C), the corresponding 

age values may be determined. For terrace B, a minimum age of about 

2,000 years BP is indicated, with an average of perhaps 6,000 years, 

and a maximum age near 20,000 years. For the scarp overall, the same 

minimum age of 2,000 years is complemented by an average of 20,000 

years, and a maximum age of around 250,000 years. The minimum age is
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)

reflected by scarp angles resulting from terrace B faulting, and the 

effect of multiple movements is probably significant in creating the 

scarp angles measured. Based on two samples determined between 

terraces B and C, terrace C has as age of 5-8,000 years. This sample 

is probably too small to be significant in the light of other data 

indicating older dates.

The length of the rounded portion of the scarp crest has also 

been used by Wallace (1977) for deduction of a time relationship 

(Figure 13, after Figure U  of Wallace, 1977)• By measuring and 

averaging the widths of zones of crestal rounding in the Sheep Camp 

area for terraces A-D (Appendix B), maximum and minimum ages were 

determined. The edge of the uppermost surface was not included 

because it nowhere coincided with the scarp line in the Sheep Camp 

area. While the data base is not large, it yields some fairly con

sistent results— terrace B has only one anomalous value out of five, 

and terrace C yields reasonably uniform values, too. The exposures of 

terrace A were very poor, and the results for terrace A are therefore 

questionable, though they do not appear anomalous. The dates yielded 

by this method (and a n  others) are suiranarized in Table V.

Bucknam and Anderson’s (in preparation) analysis of scarp 

angle versus scarp height has already been presented, in Figure 11, 

with data from Big Chino Fault superimposed upon it (Appendix C). 

Interpretation of the temporal aspects of this figure is intricate. A 

simple regression line through the data would be wrong, as the points 

are actually the results of several movements. The circled dots, for
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Age in years BP

Figure 13. Width of Zone of Crestal Rounding versus Age. —  After 
Figure 11 of Wallace (1977)» courtesy of the Geological 
Society of America. The letters A-D on the ordinate 
scale represent the heights of surfaces A-D, while the 
error bars represent the corresponding time span for 
each terrace on the abscissa scale.



Fable V. Comparison of Estimated Terrace Ages Derived by Morphological Means. —  These estimates 
are for the terraces in the Sheep Camp study area, except that data in the overall cate
gory were collected along the length of Big Chino Fault, often in places where they could 
not be correlated to specific Sheep Camp surfaces.

Surface Age in Years BP

by angle by crestal rounding by angle vs. height by soils

A 1500 to 9000

B 2-3000 to 20,000 6300 to 23,000 18,000 to 38,000 Stage I or II 
<2600-5000 to 
late Pleist.

C 5000 to 8000 11,000 to 34,000 Stage II 
>5000 to 
late Pleist.

D 20,000 to 44,000 Stage II 
5000 to 
late Pleist.

Overall 
(F or 
unknown)

20,000 to 250,000 14,000 to 110,000 Stage III 
late to 
mid Pleist.
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instance, are from terrace B, near Sheep Camp. Many of the other 

points were measured along the length of Big Chino Fault, where cor

relation with the terrace sequence at Sheep Camp has not been attemp

ted. In reality, the data probably represent families of line sub

parallel to the Bucknam and Anderson (in preparation) regression 

lines, and have been analyzed as such. The data base for any given 

correlated terrace level is small— five samples for terrace B is the 

largest. As a result, the data were analyzed to yield maximum and 

minimum ages, for terrace B, and for the overall period of fault move

ment. Assumed regression lines were drawn to bracket the overall 

(T for Total) data: T . is the minimum potential date, and T is

the maximum. The same was done for terrace B, with B . being the 

minimum, and Bmax the maximum. The slope of these four lines is the 

average slope of Bucknam and Anderson’s three regression lines.

Interpretation of dates from Figure 12 is quite complex. The 

distance of a line between two dated lines should give an age rela

tionship relative to the two dated lines, as a U  lines in Figure 12 

are theoretically isochrons. One way to visualize this is to imagine 

Figure 12 in three dimensions, with time as the z axis, projecting 

perpendicular to the page. The function relating scarp angle, scarp 

height, and time would then be a sloping surface, being low in the 

upper left comer of the figure, and rising towards the lower right 

comer (as time increases). The regression lines on Figure 12 would 

be time contours on this surface. Bucknam and Anderson’s lines define 

the slope of this surface, and the z axis projection of the T and B
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lines will yield time values at the points where they intersect the 

surface. Since Bucknam and Anderson’s (in preparation) fault regres

sions (i.e. isochrons) are actually subparallel, the time values of 

the T and B regression lines will have to be averaged to compensate 

for the imperfect isochronous behavior caused by subparallelism. This 

averaging was done by taking values from Figure 12 at three positions 

(12°18°, and 24°), calculating the age, and averaging the results.
In Figure 14a, b, and c, the scarp heights for Bucknam and Anderson’s 

scarps were determined for the given scarp angle and plotted against 

the assumed time range. Figure 14a is compiled at 12°, Figure 14b at 

18°, and Figure 14c at 24°• These lines drawn across Figure 12 at 

12°, 18°, and 24° have become the x axis of Figures 14a, b, and c 

respectively. The four T and B lines were then plotted at their 

corresponding height, assuming no time value. For example, in Figure 

12, the 12° line intersects the Drum Mountain scarp at a height of 

1.56 m, so line DM (for Drum Mountain) is plotted as a line segment 

in Figure 14a at a height of I.56 m, extending from 11,000 to 12,000 
years. Line B^ n intersects the 12° line at 2.5 m, so in Figure 34a, 

Bmin is plotted at a 2.5 m height, with no age value (this is what 

is to be determined). Any assumed trend line through the Bucknam and 

Anderson scarps will intersect the T and B lines for Big Chino Fault, 

and the appropriate extrapolated age may be read from the ordinate of 

the figure. Assuming linear time relationships (Figure 15), for each 

of the graphs in Figure 14, the line of minimum slope (youngest ages 

for any scarp older than 12,000 years, as this method indicates all T
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Figure 14-

Figure 3J+A.

Scarp height in meters

Comparison of Age of Big Chino Fault to Faults of 
Bucknam and Anderson (in Preparation).

Scarp Height versus Age at 12°. —  FS is Fish Springs 
scarp, DM is Drum Mountain, and P is Panguitch. The 
lines at 12 , 18°, and 24° in Figure 12 are the 
transects from which Figures 14 and 15 are constructed.
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Figure 14, Continued.

Figure 14B. Scarp Height versus Age at 18°.
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Figure 14, Continued.

Figure 14C. Scarp Height versus Age at 24°.
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Scarp (height in meters at 24

Figure 15. Lines of Extrapolation Used to Interpret Ages from 
Bucknam and Anderson’s (in Preparation) Scarps.
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and B lines are), and maximum slope (oldest ages) were drawn. The 

three resulting minima were averaged, as were the three maxima, to 

yield the dates shown in Table V. Bmin, for example, yields ages of 

18,500; 18,000; and 17,000; which average to 17,800 and was rounded to 

18,000 in Table V. If the time relationship between Bucknam and 

Anderson's (in preparation) scarps is actually a concave-upwards 

curve in Figure 15, then ages would be even older than those indica

ted in Table V.

Since the ages calculated for terrace B by this method are 

substantially older than the dates from the other methods presented 

in Table V, a test line was drawn in Figure 15 assuming that the Fish
y

Creek Fault was 8,000 years old, the Drum Mountain Fault was 11,000 

years old, and the Panguitch Fault was dated wrong. This line, the 

absolute minimum slope providing that the above assumptions are true, 

would yield younger dates for lines Tm^n and Bmin. In all cases, the 

dates yielded were not enough younger to make any significant differ

ence in the interpretation of Table V, so these data are not presented 

in the table. Thus, the uncertainty of the date of the Panguitch 

scarp is rather unimportant at the young end if the other two scarps 

are dated properly.

Dating of the soils on the different terraces by their devel

opment of calcic horizons is also presented in Table V. Each soil 

profile was rated as to stage of carbonate accumulation, and the ages 

determined from Gile et al. (1966). The result may be biased by the
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limestone present in the conglomerate into which the terraces are cut, 

and the dates are very general, but comparison to data from other 

techniques is valuable.

Table V’s compilation of dates from the various methodologies 

presents quite a contrast for any given terrace level, both in the 

range within one method, and the differences between the several 

methods. Conclusions drawn from this table have substantial ranges 

around the dates decided upon, and the lack of precise agreement, even 

though trends are apparent, indicates that conclusions drawn are 

nothing more than gross estimates. While a date of 20,000 years for 

terrace B is consistent with the age spans by Wallace's (1977) and 

Bucknam and Anderson's (in preparation) techniques, an early Holocene 

age is also consistent with the age spans deduced from Gile et al. 

(1966) and Wallace. Because the time controls of Gile et al. are 

better than in the other papers, this author is inclined to favor the 

younger age for terrace B. Despite the scatter in dates, educated 

speculations are possible as to the ages of the different surfaces 

near Sheep Camp.

Dates for terrace B bracket a wide range of time, but seem to 

indicate an early Holocene age. This also permits an estimate of the 

age of terrace A, which is of course younger. Two soil profiles in 

terrace B, one with a noticeable stage I development, and another with 

a definite stage II horizon, indicate an age of $,000 years or more, 

while the stage I soil probably prevents consideration of a Pleistocene 

age. Results based on the Bucknam and Anderson data are completely
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contradicted by the other three methods, so they will be considered 

here. An age of 4*000 to 8,000 years seems most consistent with the 

bulk of the evidence, possibly favoring the older date. Terrace A is 

younger, but an estimate of how much younger cannot be made due to 

lack of evidence. It could have been eroded, then faulted relatively 

shortly after the faulting of terrace B, because it is not found in 

the valleys of the first order streams. These streams apparently 

were not competent enough to erode a widened valley prior to renewed 

faulting. If terrace A could be dated successfully, one might gain 

an excellent idea of the rate of valley widening near Sheep Camp. 

Terrace B is strongly indicated as Holocene, and therefore provides a 

useful upper age limit in analyzing processes associated with the for

mation of terrace A.

Evidence of the age of terrace C is contradictory, with scarp 

angle implying Holocene age, crestal rounding implying Pleistocene, 

and the stage II soil covering both. Since the fairly prominent bench 

of terrace B would have taken a moderate amount of time to form sub

sequent to the faulting that disrupted terrace C, one can be fairly 

confident that terrace C is late Pleistocene in age, but interpreta

tion of the data is problematical. A date of 15,000 years would pro

vide maybe 8,000 years to erode the embayment of terrace B. This 

might be something of a maximum, with a couple of thousand years 

towards the Holocene being just as likely a conjecture.

Very little data exist for terrace D— one crestal rounding 

point and a soil profile in a less than optimal location. Position
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alone would demand a Pleistocene age if terrace C is Pleistocene, 

and the great width of terrace C implies a long period of stability 

after the faulting event which uplifted terrace D. If the estimate 

for terrace C is 15,000 years, then an estimate for terrace D could 

very easily be 35»000 to 45»000 years BP. By this point, age esti

mates are little more than speculation, due to decrease in the 

quality of terraces, and the decrease in resolution of age when a 

logarithmic scale is used in the relevant figures.

Evidence suggests at least one more faulting event between 

terrace D and the uppermost surface, but lack of clearcut exposures 

prevents estimation of the age of faulting of either this intermediate 

terrace or of the upper surface. Scarp angle data indicate minimum 

ages of latest Pleistocene, but these angles are very probably the 

result of multiple fault movements. The age of the soil on the upper

most surface is entirely independent of the faulting, and a mid- 

Pleistocene age for the surface is entirely believable, indeed 

probable. As for the age of the initiation of faulting, present data 

must make one content to speculate, at maybe 100,000 years. If the 

assumptions of the ages of the younger terraces are anywhere near 

correct, an age of 75,000 years or even younger is reasonable. On 

the other hand, if Bucknam and Anderson's (in preparation) method is 

more correct, terrace B has an age in the 20,000's; the date of rupture 

of the upper surface could easily be in the vicinity of a quarter of a 

million years, as indicated by results obtained through Wallace’s 

(1977) methods.



Estimation of the length of time of early Quaternary tectonic 

stability of the Black Mesa cliffs is also a subjective exercise. 

Brackets may nonetheless be placed on the time of movement, by com

parison to mountain ranges in the Mojave Desert. While Menges and 

Bui]. (1978) state that class 2 fronts are Quaternary, the rate at 

which fronts progress between classes is unknown. Bribayments such as 

exist along the large streams draining Black Mesa cut thoroughly 

consolidated sediments, and even granite, so a considerable amount of 

time must have been required for their formation. Intuitively, a 

million years does not. seem enough; two million might be more plausi

ble. Considering the time problem from evidence regarding class 3 

terrains, the most heavily pedimented terrain in the Mojave Desert 

may have been stable for more than five million years (Bull, oral 

communication). Since Black Mesa is only an incipient class 3 front, 

then less time would be required. Inferences as to the time of ces

sation of the uplift of Black Mesa consequently center on 2 to 3 

million years BP, in the latest Pliocene or the earliest Pleistocene, 

with renewed late Pleistocene uplift occurring along Big Chino Fault.

In conclusion, the derivation of the time chronologies of 

tectonic events along Big Chino Fault and Black Mesa is based pri

marily upon subjective inferences. Trends may be noticed, but poten

tial error in basic assumptions or in the dating of reference scarps 

may lead to erroneous conclusions. The data nonetheless indicate 

certain trends: An episode of uplift of Black Mesa ceased in latest

Pliocene or earliest Pleistocene time. The mountain front was stable

78



79
for most of the Quaternary, becoming pedimented, and accumulating a 

fairly thick alluvial apron at its foot. Renewed uplift along Big 

Chino Fault began, apparently 50,000 to 100,000 years ago, but may 

have begun around 250,000 years ago. Activity seems to have continued 

into the Holocene, with terrace B being uplifted in the early Holocene 

and terrace A even more recently, though the data can be interpreted 

to indicate that terrace B has a late Pleistocene age of dislocation.



CHAPTER 5

THE K FACTOR

Drainage basin morphologies are functions of many interacting 

variables. In many instances, these interactions are so complex, and 

unique to one basin, that comparison between basins, whether next to 

each other or many miles apart, is difficult. Comparison of basins 

that have undergone apparently similar terrace-forming episodes is 

often desirable, but the geomorphologist is frequently at a loss to 

determine which parameters within the basins have changed, or which 

parameters have remained constant. In his book manuscript entitled 

MClimatic and Tectonic Geomorphology of Arid Fluvial Systems” (in 

preparation), Bull proposes a "k factor” derived from a simple expo

nential function. This factor responds to all of the dependent and 

independent variables operating upstream in a fluvial system, but 

systematic study of basins in certain geological settings may permit 

analysis of the way this factor responds to different specific vari

ables. The streams crossing Big Chino Fault at the Sheep Camp site 

are suitable for demonstrating ways by which an analysis of the k fac

tor might be approached, though the results to be presented here do 

not represent the full potential of these drainage basins in discerning 

the response of the k factor.

The rainfall/runoff relationship of a drainage basin and the 

sediment load of the stream are the principle variables of streamflow
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affecting channel morphology. These variables are dependent upon a 

number of independent and dependent parameters: climate, lithology,

vegetation (substantially dependent upon climate, and sometimes litho

logy)» relief, drainage basin area, and time. The rainfall/runoff 

relationship and sediment load have the most immediate effect in de

termining whether a stream is downcutting (possibly producing a ter

race) , aggrading, or widening its valley.

Some of the independent variables may be held constant in the 

Sheep Camp drainages, permitting possible analysis of the other inde

pendent variables. Considering that all five streams are within a 

kilometer of each other, climate, vegetation, and lithology may be 

considered constant. Time has also been constant for all streams be

tween any given faulting events, although stream 4 is younger overall 

than stream 5 (see Chapter 2, concerning Figure 6). As a result, one 

might be able to analyze the response of the k factor to the effect 

of changing relief in drainage basins of different areas. Relief in

creases incrementally with each fault induced base-level fall.

Derivation of the Formula

A simple exponential relationship, equation 8, may be solved 

for parameter k by simple algebra:

Po e
-kx (8)

where, as shown in Figure 16, P0 is the height of the terrace at the 

fault scarp, and Px is the height of the same terrace at a distance x 

upstream. By algebraic substitution and manipulation:
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Figure 16. Diagramatic Sketch of Stream and Tectonic Terrace, Showing Parameters of the K 
Factor.
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(9)

In
Px -kx (10)

(11)

equation 13 may also be expressed as:

(12)

(13)

k = 1  (in Po - in Px ) (14)

but some of its ramifications are better visualized in equation 13, 

as will be discussed later.

Hypothetical Example

A simplified hypothetical example of calculation of k from 

assumed terrace data will be examined before attempting to apply real 

field data to this problem. In Figure 17, a stream of 1,000 units 

length is plotted with three successive terraces of 10 units separa

tion each at the scarp. Straight lines are used for simplicity, 

rather than the exponential profiles common in real streams.



900

Figure 17. Hypothetical Flight of Tectonic Terraces for Calculation of K Factor. —  Vertical 
exaggeration x
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Distances of 1/4, l/3, and l/2 the length of the stream were used 

for x, measured from the scarp, and PQ was calculated between the 

stream (S), and terraces A, B, and G. Height Px was measured at 

distance x, and the results are presented in Table VI.

The most obvious result in Table VI is that k does not vary 

with increasing terrace height at a given station along a stream. A 

look at equation 13 will explain why, as P ^ P  always yields the same 

quantity regardless of which terrace combination is being measured. 

This situation should vary only slightly in the real world unless two 

terrace levels have substantially different profiles. In essence, 

this may mean that the effect of base-level fall may be ignored in 

interpretation of other variables.

The use of an exponential or logarithmic set of profiles in 

Figure 17 might have been more realistic, but the trends to be dis

cussed below might have been less evident with a more realistic curve, 

due to the difficulty of drawing an equally well spaced set of con

gruent curves for the various terraces. The resultant coefficients 

might have reflected errors in drawing more significantly than trends 

in the systematic variation of the coefficient. This is counter

balanced by the possible error due to the unrealistic nature of con

stant gradient profiles, but the author believes that the trends, if 

not the actual values, resulting from the straight line construction 

are probably valid.

An analysis of the effect of drainage basin area upon k may 

be deduced from Figure 17 by using stream length as a proxy for area.
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Table VI. Values for Solution of Hypothetical Example of the K
Factor. —  The values in the upper part of the table are 
from Figure 17, as are the values of x. The values in 
the lower part of the table are k values for the indicated 
terraces at the specified distances. P upstream from 
PQ ratios are proportions of drainage-basin length.

Terrace Po 1/4 1/3 1/2

S-A 10 7-5 6.67 5

S-B 20 15 13.33 10

S-C 30 22.5 20 15

X 250 333 500

"SA .00115 .00122 .00139

.00115 .00122 .00139

^SC .00115 .00122 .00139
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By making calculations for terrace SB at a length of l/3, and by 

halving the horizontal scale (total length = $00 units, x = 16$ units, 
PQ = 20, and Px = 13.33)» k = .00246, exactly double the value in 

Table VI. One may discern a very strong effect upon k of stream 

length, and therefore of drainage-basin area.

The necessary level of field data resolution was also tested 

from this hypothetical example. Since, in the field, it is often a 

subjective decision as to what is the exact edge of a terrace (an 

error of - 0.2 m is quite possible), data were tested at the limits 

of uncertainty of measurement. For terrace SB, at 1/3 length (333 m), 
a Px of 13.53 yields k = .00117, while Px of 13.13 yields k = .00126; 
this change in k is quite substantial (compare it to k for x = l/2 

and l/2 for terrace SB in Table V), suggesting that analysis of field 

situations will require very careful determination and accurate meas

urement of the edge of the terrace, or possibly a large number of 

samples, to yield a statistically significant result.

Problems in Application

Several practical considerations must be addressed in field 

application of the k factor. The length of the stream to be used as 

x is one, along with deciding the height of the terrace at the fault 

when the scarp has been worn by erosion. In cases of severe erosion, 

where a terrace has been removed, the break in slope marking its 

former position may not be useful. A major problem in comparing 

drainage basins is the accuracy of correlation between basins; com

paring equivalent surfaces is crucial. Effects of outside influences
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must be analyzed too, to prevent their inclusion in the analysis. All 

of these problems crop up in the Sheep Camp streams.

If streams of different lengths are to be compared, the value 

of x should be some fraction of the stream length, in most cases, 

rather than a fixed distance. In the hypothetical example given 

above, units of l/4, l/3, and l/2 of stream length were used, but the 

possibility of using logarithmic tenths might also be considered. If 

a stream has a logarithmic or exponential curve for a profile, this 

might yield a more meaningful analysis by concentrating measurements 

in the reach of the stream where change is most rapid, but since 

terraces fade out before the headwaters are reached in most cases 

(sometimes by l/2 the stream length at Sheep Camp), close resolution 

of upstream data is meaningless. It may be possible that only one 

measurement per stream is necessary, but this measurement usually 

should be taken at a distance x that is a proportion of the length of 

the stream, not a fixed distance for all streams being analyzed.

The use of a fixed distance for x may have some value, but 

would be difficult to use in cases of streams with vastly different 

lengths. Such a measuring technique might yield information about the 

way streams of differing discharge, and therefore stream power, react 

to a tectonic (or other) perturbation. If, however, basins differ in 

size by orders of magnitude, this method can become unworkable. The 

comparison of streams 4 and 5 at Sheep Camp would be awkward, as any 

distance short enough to include terrace B at stream 4 would be insig

nificant in stream $.
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Particularly in short streams, the decision on the height of 

terraces at PQ is important. As may be seen in Figure 18, a profile 

of stream 4» the terraces are eroded back at the scarp, and the first 

representative height measurements may not be taken until well into 

the drainage basin— at least l/8 of the length of the stream. Geo

metric projection of the terrace to intersect the fault plane is one 

possibility, but may be a subjective exercise for a parameter needing 

accuracy. The kink in terrace B in Figure 18 causes substantial 

difficultyi This kink is probably due to inaccurate measurement or to 

the presence of an erosional swale, as there is not other evidence 

suggestive of post-terrace-formation rotation of the block towards the 

mountain. Such rotation should also be seen in terrace C. It is not 

present. Regardless of the origin of this kink, it makes geometric 

projection difficult. Extrapolation by the use of power functions 

might be a valid method, though the existent surveying is not adequate 

to permit its use at stream 4*

Another possibility might be to take PQ at the distance where 

the relevant terrace appears, then measure length x upstream. Such a 

method might easily introduce error into the data, encouraging false 

comparisons between streams. This is especially true for short 

streams; in stream 4» fully l/4 of the length of the basin is gone 

before terrace C can be measured. Projection is probably the better 

solution, but may be subject to significant error in situations such 

as terrace B on stream 4»



Figure 18. Profile of the Channel and Terraces of Stream 4, Sheep Camp Study Area. —  Distances are 
in meters, vertical exaggeration x 3.
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When true terraces do not exist, the use of breaks in slope is 

a possibility. If, however, one considers the error introduced into 

the hypothetical example by varying Px only 0.2 m in a 1000 m long 

stream, it may be seen that breaks in slope are unsatisfactory.

Figure 19 presents a hypothetical valley profile showing a situation 

where the terrace was eroded away. The difference between the PQ or 

Px for the break in slope as compared to the true terrace would be 

quite substantial. The letters in Figure 19 provide locations which 

can be used to discuss the errors introduced by breaks in slope. Lo

cation B would seem to be an ideal place to measure a terrace height, 

but in reality, the distance between A and B has already been removed 

by erosion, and B is probably higher in elevation than the true amount 

of downcutting which occurred at the original stream channel at A. As 

erosion widens the valley to C, D, and even E, the break in slope 

becomes progressively higher than the true original terrace height. 

Such errors prevent the interpretation of terrace C in stream 3» 

where no remnant of the terrace is present— just the break in slope.

Proper correlation of terraces between basins is vital if 

comparisons are to be valid. At Sheep Camp, streams 3, 4» and 5 may 

be correlated easily, especially by the aid of benches along the front 

of the fault scarp. Extension of this correlation to streams 1 and 2 

has failed. While some terraces can be correlated tentatively, most 

are quite uncertain, especially as evidence of another faulting event 

may be present in streams 1 and 2. This movement, possibly in the
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Not to

Figure 19. Hypothetical Valley with Break in Slope Where Former
Terrace Was Removed by Erosion. —  Note the error that is 
introduced by measuring the height of the break in slope 
rather than the height of the terrace edge. Locations 
A-E indicate increasingly undesirable, locations to measure 
terrace height.
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vicinity of terraces B to D, may be the reason that correlation has 

failed. Comparison of k factors from streams 1 and 2 to the other 

streams cannot be made.

Finally, biases introduced into some drainage basins by ex

ternal forces must either be factored out or the data must be rejected. 

The present channel profile of stream 5 is the result of capture just 

below the scarp by Dry Well Wash, causing a substantial base-level 

drop. Since stream profile is the reference from which terrace 

heights are measured, such a change in reference plane must be consid

ered in comparison to other drainages. Stream 5 probably is not 

acceptable to be compared against the other streams due to this anoma

lous base-level fall.

In consideration of the above problems, none of the streams at 

Sheep Camp can be compared easily to each other using the k factor.

The terraces along streams 1 and 2 could not be correlated with the 

rest. Stream 3 has only terrace B to use; terrace C and above are 

represented by breaks in slope, which yield heights beyond the allow

able limits of data resolution. Stream 5 is the victim of stream 

capture, and is now responding differently than the rest. This leaves 

stream 4» which almost works, except that terrace B has a kink which 

inhibits geometric projection of the terrace to its intersection with 

the fault scarp. PQ therefore cannot be calculated reliably. Much 

more work is needed in the Sheep Camp area for these problems to be 

resolved sufficiently to permit comparison of these five streams by

k factor,
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Potential does exist along Big Chino Fault for basic work on 

interpretation of the k factor, despite the difficulties experienced. 

Several streams with tectonic terraces are present between Dry Well 

Wash and Partridge Creek. Correlation of these terraces with the 

Sheep Camp terraces, as well as correlation of streams 1 and 2 with 

the other three streams is possible. The project, however, will re

quire substantial time and effort. The most serious hindrance to 

meaningful k factor analysis apparently will be the accuracy to which 

terrace heights may be resolved.



CHAPTER 6

CONCLUSIONS

The formation of stream terraces by tectonic movements can be 

explained by a simple rational model. These terraces, and the morpho

logy of the fault scarp, may be used to make seismological inferences 

and to estimate the age of the faulting events. The evolutionary pat

tern of the morphology of a fault scarp contains many clues as to the 

scarp's history and possibly to the way in which processes act upon it. 

Big Chino Fault is especially useful for studying such features and 

processes.

Model for Tectonic Terrace Formation 

The model outlined in Chapter 2 for the formation of tectonic 

terraces is a reasonable one. Even though the exact nature of terrace 

stratigraphy has not been resolved, evidence suggests that the terraces 

are of strath origin, with an alluvial veneer, rather than due to sub

stantial backfilling. The large streams may have a larger aggradation- 

al component (mostly due to their larger drainage basin area, 

competence, and sediment yield), as they have built large fans just 

below the fault. Terrace interpretation appears to be studied best 

along small streams. The second order streams at Sheep Camp seem to 

have a reasonably complete sequence of terraces, while the first order 

streams are missing some. With reliable dates, such a combination
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would be very useful to gain ideas of the time needed for a stream to 

fully respond to a base-level fall.

Field evidence for tectonic terraces is sometimes obscure even 

though the concept is quite straightforward. Actual formation of ter

races may be considerably more involved than the pictorial model of 

Figure 4 suggests. Tectonic creep or a rapid succession of faulting 

events may cause entrenchment without terraces, while an exceptionally 

long period of stability may result in valley widening so great that 

previous terraces may be eroded away. The true significance of an 

entrenchment episode is vital to understand also. Is regional base- 

level fall influential, or does complex response (Schumm, 1973) to 

base-level fall cause more terraces than tectonic movements? Such 

questions are integral to interpretation of terrace sequences, and 

must be considered. Evidence on the smaller streams at Sheep Camp 

seem to indicate that complex response is, at best, a minor influence, 

but more data are needed to resolve this problem.

• Seismicity

Hie use of terrace separations to deduce past earthquake inten

sities is a suitable approach to determining paleoseismicity. Even 

if some fault displacements are not represented in the terraces, as is 

the case at Big Chino Fault, the calculations are reasonable, because 

an error of an entire order of magnitude is necessary to make a signi

ficant change in the calculated seismic moment. An error of that

size is unlikely. The terraces of Big Chino Fault indicate seismic 
25 o?moments of 5 x 10 to maybe 1 x 10 , implying surface wave
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magnitudes (Mg) in the middle 6's to low 7* s. These represent only 

the earthquakes that dislocated the surface at Big Chino Fault, and 

of course say nothing about the paleoseismicity of adjacent faults, 

but they do provide a partial view of the past seismicity in Chino 

Valley.

Time Control

Methods of obtaining absolute dates on the movements of Big 

Chino Fault have not been tried, due to lack of suitable geological 

situations, but morphological methods of dating permit estimates to 

be made. While most radiometric techniques have been rejected due to 

improper situations, u/Th dating might possibly be used upon calcic 
soil horizons. The dating of soils by the morphology of the calcic 

horizons (following Gile et al., 1966) has been tried, and the results 

tend to agree with the morphological dating techniques used by Wallace 

(1977). Their results are contradicted, however, by an analysis fol

lowing the techniques of Bucknam and Anderson (in preparation), at 

least as far as young dates are concerned. The method of Bucknam and 

Anderson yields significantly older dates for terrace B. Such discrep

ancies point out that resolution of the way scarp morphology changes 

with time needs much better control— preferably by independently dated 

scarps. Despite shortcomings in technique, it may be deduced that Big 

Chino Fault has moved in latest Pleistocene, possibly even Holocene 

time, though the date of initial movement is less certain— ranging from 

" 50,000 to 250,OCX) years BP, as best as can be estimated.
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Placing a reasonable age estimate of the time of uplift of 

the cliffs of Black Mesa can be done by analogy only at this time.

Their mountain front activity class (Bull, 1973) is class 2 or class 

3» with a moderate period of stability being necessary to embay the 

larger stream valleys as deeply as they are today. If the mountain 

bounding fault can be shown to be Big Chino Fault, then substantial 

pedimentation has occurred, and the cliffs are a class 3 mountain 

front. Certainly the cliff faces have strongly erosional form, rather 

than clearcut faceted spurs. The time span needed to erode even a 

class 2 front of the characteristics of the Black Mesa cliffs must 

surely exceed one million years. Since extremely pedimented Mojave 

mountain ranges seem to have taken at least five million years to 

attain their state, the Black Mesa front, by comparison, must have 

stabilized in late Pliocene or earliest Pleistocene time; if Big Chino 

Fault is the range-bounding fault, then a late Pliocene age of stabili

zation is almost certain.

Tectonics

Black Mesa has been the site of tectonism since the late 

Tertiary. Differential uplift above Chino Valley must date to at 

least early Pliocene, if 250 to 300 m of relief were present by late 

Pliocene or earliest Pleistocene time, when the fault became inactive. 

Renewed uplift along Big Chino Fault was probably initiated within the 

last quarter of a million years, with at least five episodes of dis

placement, proceeding into the latest Pleistocene or possibly even the
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early Holocene. There is every possibility of Big Chino Fault 

continuing to move, with the chance of magnitude 7 earthquakes and up 

to five meters of displacement in a given event.

The regional tectonic pattern fairly clearly seems to be one 

of the breakup of the edge of the Colorado Plateau. The northern end 

of the Shylock Fault, southeastern Chino Valley, has a normal sense of 

movement during the Quaternary (Phillip Anderson, personal communica

tion) , so regional extension seems to be continuing today, even 

though it technically may not qualify as "Basin and Range" faulting. 

The regional extension does not appear to have a lateral component, 

at least locally, because no strike-slip element of motion is evident 

along Big Chino Fault.

Rates of tectonic movement would be very useful to know, but 

the uncertainty of the time control is too great. If 30 m of offset 

are assumed for Big Chino Fault, rupture of the surface $0,000 years 

ago would yield a rate of uplift of 60 cm/lOOO years, while a date of 

rupture of 2$0,000 years BP gives ..a, .rate of 12 cm/lOOO years. This 

fivefold range of rates makes conclusions on the rate of relative up

lift inappropriate, except to note that the results provide an order 

of magnitude within which rates of tectonism may be contemplated.

K Factor

While potential exists along Big Chino Fault to analyze the 

response of the k factor to some situations, and with other variables 

quite well controlled, difficulties have been encountered. The k 

factor does not seem to respond to successive base-level falls, so
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base-level fall can possibly be discounted in future analyses. A 

response to drainage basin area is probable. Determination of k fac

tor response has, unfortunately, been hindered by geological circum

stances at the Sheep Camp site. These difficulties may be overcome, 

but considerable work will be necessary. The most crucial aspect 

regarding whether or not the k factor will be of value lies in the 

accuracy to which terrace heights can be resolved, as the k factor is 

very sensitive to minor height fluctuations.

Future Work

Several possibilities exist for future work concerning Big 

Chino Fault. Besides work on the k factor, an accurate map of the 

northern end of the fault trace might be made, beyond Partridge Creek. 

Better bracketing of the uplift of Black Mesa might be obtained by 

dating the basalts at Partridge Creek and South Butte. A geophysical 

study of the fault is in order also, and the area near Dry Well Wash 

might be particularly fruitful. Finally, tree ring analysis of samples 

collected along the fault might give a better picture of the present 

day stream processes along the fault.

An accurate map of the northwestern l/3 of the fault will be 

possible as soon as the USGS publishes its new series of quadran

gles for the area. At present, no satisfactory base map exists. The 

new quadrangles, used in conjunction with Air Force aerial photographs 

taken after the 1976 earthquake (available from Dr. McCullough, 

Department of Geosciences, or from the Office of Arid Land Studies, 

University of Arizona), should make a map of the fault trace easy to
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prepare. In the meantime, the dotted northern extension of Big Chino 

Fault shown on the Geologic Map of Arizona (Wilson and Moore, 1969) 

should be considered as certain, and the solid portion of the fault 

shown on the map should be continued about 10 km to the southeast 

(see Figure 10).

The geological situation at Partridge Creek may provide a 

means to bracket the time of uplift of Black Mesa. Basalts capping 

the cliffs at South Butte (Sec. 23, T 20 N, R 4 W) would give a maxi

mum date, while a tongue of basalt descending Partridge Creek to 

within l/2 km of the scarp may yield a minimum date. This basalt may 

also give a rate of downcutting, since the river is entrenched into it. 

The geological situation of the basalt needs to be investigated fur

ther, because the outcrop does not indicate clearly whether the basalt 

flowed down the creek, or is an ancient flow underlying the conglomer

ate. In the latter case, it would at least give a maximum age of the 

conglomerate at that point. A shallow seismic refraction profile would 

be ideal in this situation.

Geophysical work near Dry Well Wash could be a great aid in 

establishing the location of the mountain bounding fault. A gravity 

survey done in conjunction with a seismic refraction study should give 

a good indication of the actual degree of pedimentation. The granitic 

outcrop just north of Dry Well Wash would be an ideal location from 

which to work.

Tree ring data that may indicate recent stream threshold 

fluctuations have been collected, but time constraints have prevented



102
their analysis. Samples were collected at two sites. The Chapman 

Ranch site (SE&- of NW|- of SB^, Sec. 17, T 19 N, R 3 W) has two speci

mens collected from a non-tectonic terrace downstream from the fault, 

but inset below the surface of the fan. This would give a nri ni mnm 

date for the entrenchment of the fan. At another location, the Juniper 

Stump site, a stump embedded in the side of a terrace upstream from 

the fault (this terrace correlates to the fan surface downstream from 

the fault) would give a maximum age on the entrenchment, since the 

surface must have been intact when the tree was growing on it. This 

site is located in the NE|- of the ST̂ -, Sec. 36, T 19 N, R 3 W.

Several samples were collected to the northwest of this site, with the 

idea of building a chronology against which the juniper stump could be 

crossdated. This material is now in the possession of Professor 

Marvin Stokes at the Laboratory of Tree Ring Research, University of 

Arizona. If the assumption is valid that entrenchment of the streams 

at both Chapman Ranch and Juniper Stump Wash was approximately simul

taneous, this would bracket a recent event of arroyo cutting in the 

streams crossing Big Chino Fault.



APPENDIX A

SOIL PROFILE DESCRIPTIONS 

Surface F— Upper Surface, Faulted Alluvial Fan

Described by: C. H. Soule

Location: Figure 9, site 1

Landform: Undissected portion of dissected alluvial fan

Slope exposure: North-facing

Slope steepness: Under 2°

Parent material: Cobble fanglomerate, containing sandstone, 
granite, basalt, and much limestone.

Vegetation: Sparse grassland, occasional juniper, cholla, 
prickly pear,,abundant russian thistle

Soil moisture: Slightly moist

Land use: Grazing

Horizon Depth (cm) Description

A2 0-2 Sandy silt; 7«5 YR 4/4 brown; slightly sticky, 
slightly plastic; abrupt boundary.

521 2-20 Clayey silt or silty clay; 7.5 IR 3/4 brown; 
slightly sticky, slightly plastic to plastic; 
occasional pebbles to cobbles; massive to blocky 
structure; abundant rootlets; abrupt boundary.

B22ca 20-45 Silty clay; 7.5 YR 6/4 dull orange; slightly 
sticky to sticky, plastic; massive; carbonate—  
mostly filaments, 10-20% mottled, some pebble 
coatings, stage Il(?); gradual boundary.
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Horizon Depth (cm) Description

Cca 45-60+ Indurated silt; 7.5 YR 7/3 dull orange; slightly 
sticky, slightly to non-plastic; carbonate—  
stage III, carbonate granules 75$*- of soil; 
noticeably harder than B22ca, but not petrocal
cic; rock coatings over 1 mm, continuous.

Terrace D

Described by: C. H. Soule

Location: Figure 9 t site 2

Landform: Terrace remnant on rounded nose of interfluve; 
erosional site

Slope exposure: West-facing

Slope steepness: 2°

Parent material: Fanglomerate

Vegetation: Sparse grassland

Soil moisture: Slightly moist

land use: Grazing

Horizon Depth (cm) Description

1-0 Incomplete (75$» not interlocking) lag gravel, 
5-40 mm diameter.

A 0-2 Loose silty sand; 7.5 YR 4/4 brown; slightly 
sticky, non-plastic; some granules, crush easily; 
abrupt, smooth boundary.

B21 2-13 Loose sandy clayey silt; 7.5 YR 5/4 dull brown; 
slightly sticky, slightly plastic; abundant root
lets; under 5$ pebbles; clear, wavey to smooth 
boundary.
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Horizon Depth (cm) Description

B22ca 13-30

B23 30-60+

Slightly hard silty clay; under %  pebbles; 7*5 
YR 6/4 dull orange; sticky, plastic, more mas
sive than B21; rootlets; carbonate— some fila
ments, thin, discontinuous coatings, but still a 
fair amount present; boundary gradual, irregular, 
mottled.

Slightly hard sandy silt; 5 YR 4/6 reddish brown; 
slightly to non-sticky, non-plastic; no apparent 
carbonate.

Described by:

location:

Landform:

Slope exposure: 

Slope steepness: 

Parent material: 

Vegetation:

Soil moisture: 

Land use:

Terrace C 

0. H. Soule 

figure 91 site 3 
Middle of large terrace 

North-facing 

Under 1°

Fanglomerate 

Sparse grassland 

Slightly moist 

Grazing

Horizon Depth (cm) 

2-0

1-4

Description

Lag gravel, 50$ coverage, 5-40 mm, some to 60 or 
70 cm, rest bare dirt.

Silty sand, fine pebbles; 7*5 YR 4/4 brown; very 
slightly plastic, slightly sticky; slightly hard 
crust present; boundary abrupt, planar.

Slightly sandy, very silty clay; 7*5 YR 5/4 dull 
brown; plastic, slightly sticky to sticky; loose, 
maybe 20$ pebbles; boundary abrupt, planar.
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Horizon Depth (cm) Description

B21 4-10

B22ca 10-45

B23 45-70+

Silty clay, soft to slightly haird, 7.5 YR 5/4 
dull brown; sticky, plastic; abundant rootlets, 
clear, wavey boundary.

Slightly silty clay, slightly hard; 5 YR 6/3 dull 
orange; sticky, plastic; carbonate— the occasion^ 
al pebbles have soft, continuous coatings, 
horizon has pervasive light color; boundary dif
fuse, irregular, change is by decrease in 
mottling from B22ca to B23»

Silty fine sand, slightly hard to soft; 5 Yr 4/6 
reddish brown; slightly to non-plastic, slightly 
to non-sticky; carbonate present only as de
creasing mottles from B22ca.

Terrace B

Described by: C. H. Soule

Location: Figure 9» site 4

Landform: Middle of narrow terrace, possibly site of slope- 
wash accumulation

Slope exposure: West-facing

Slope steepness: 2-3°

Parent material: Fanglomerate

Vegetation: Sparse grassland

Soil moisture: Slightly moist

Land use: Grazing

Horizon Depth (cm) Description

1-0 Fine lag gravel, mostly 8-10 mm, some 20 mm or 
larger, 50-60$ cover.

A2 0-2 Crusty slightly hard, slightly (15$) pebbly sandy
clayer silt; 7*5 YR 4/4 brown; slightly sticky, 
slightly plastic; abundant major roots, clear 
smooth boundary.
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Horizon Depth (cm) Description

B21 2-30

B22 30-65+

(C?)

Soft, slightly sandy clayey silt, 15% larger 
pebbles and cobbles; 7*5 7R 4/4 brown; slightly 
sticky, slightly plastic; abundant rootlets 
down to 20 cm; carbonate— very thin, discontinu
ous coatings throughout horizon.

Soft sandy clayey silt, 15% cobbles and pebbles, 
increasing to 50% below 50 cm; 7.5 YR 4/4 brown; 
slightly plastic, slightly sticky to sticky; 
few rootlets; carbonate coatings do not appear 
as continuous as B21; difference from the B21 is 
very subtle.

Described by:

Location:

Landform:

Slope exposure: 

Slope steepness: 

Parent material: 

Vegetation:

Soil moisture: 

Land use:

Modem Fan 

C. H. Soule 

Figure 9, site 5

Modem fan at foot of scarp— a site of Holocene 
deposition

West-facing

2°
Pine alluvium with some pebbles and cobbles 

Grass, sparse small bushes; 20-30% cover 

Slightly moist 

Grazing

Horizon Depth (cm) Description

2-0 Lag gravel, mostly under 15 mm, some to 50 mm,
occasional cobbles.

Soft to slightly hard laminar crust (platy?), 
fine pebbly, sandy silt or silty sand; 10 YR 3/4 
dark brown; slightly sticky, non-plastic; clear 
planar boundary.

A21 0-2
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Horizon Depth (cm) Description

A22 2-7 Loose, very silty sand, 20$ fine pebbles; 7*5 YR 
4/4 brown; slightly sticky, non-plastic; aburt- 
dant rootlets; carbonate— only very slightest 
thin, discontinuous coatings under pebbles; 
clear wavey boundary.

B2 7-15 Soft slightly sandy clayey silt, 20$ fine 
pebbles; 7.5 YR 4/4 brown; sticky, plastic; 
fewer roots than A22; very thin discontinuous 
carbonate under pebbles; boundary subtle, clear 
to gradual planar.

C 15-65+ Soft to loose sandy clayey silt, 20$ pebbles; 
7.5 4/4 brown; slightly sticky to sticky,
slightly plastic to non-plastic; few roots; 
near 40 cm, carbonate becomes slightly thicker 
(<1 mm), less discontinuous, otherwise little 
change to bottom of pit.

Described by:

Terrace B or G 

C. H. Soule

Location: Figure 9» site 6, on stream 1

Landform: Stream terrace

Slope exposure: West-facing

Slope steepness: Under 1°

Parent material: Fanglomerate

Vegetation: Grass, 10-15$ cover

Soil moisture: Slightly moist

Land use: Grazing

Horizon Depth (cm) Description

1-0 Intermittent lag gravel, up to 50 mm, with oc
casional boulder, 40$ cover.
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Horizon Depth (cm) Description
A21 0-3

A22 3-5

B21 5-10

B22 10-50+

Loose to slightly hard platy crust, clayey sandy 
silt; 7*5 %  5/4 dull brown; slightly plastic to 
plastic, slightly sticky to sticky; up to 30% 
fine gravel and very coarse sand; some rootlets; 
boundary abrupt, wavey to planar.

Loose gravelly, slightly sandy, very clayey silt; 
7»5 YR 5/4 dull brown; sticky, plastic; present 
very irregularly— appears in pockets; boundary 
clear, irregular.

Soft clayey silt; 7«5 YR 5/4 dull brown; slightly 
sticky to sticky, plastic; rootlets; more cohe
sive, massive than A22; boundary clear to 
gradual, wavey to irregular.

Slightly hard silty clay with occasional pebbles, 
at 35 cm start to pick up many cobbles; 7«5 YR 
7/4 dull orange; sticky, plastic; mottles—  
20-30% with soft to slightly hard clayey silt or 
silty clay, 5 YR 4/4 dull reddish brown, sticky, 
plastic; fine grained material of 7*5 YR 7/4 is 
stage II carbonate; pebbles have thin to 1 mm 
continuous carbonate throughout the horizon.



APPENDIX B

WIDTH OF ZONES OF CRESTAL ROUNDING

Terrace A

1.1 m
1*2 m
mean 1.15 m 

Terrace B

5*0 m 
2*0 m
4*5 m 

4*3 m 
4*5 m 

mean 4»1 m 

Terrace C

6*5 m 

7*0 m 
6*5 m

mean 6*7 m 

Terrace D

9»5 m
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APPENDIX C

MEASUREMENTS OF SCARP ANGLES AND HEIGHTS

Terrace B: 

angle height

21-i0 8.6 m

23 10.4

2li 11.8

18& 7.6
17i 7.9

Average for terrace B: 

angle = 20^° height = 9.3 m

Various uncorrelated surfaces over length of fault (two samples from
terrace C):

angle height angle height
22k° 7.3 m (C) 19° 6.4 m
13 6.7 14 9.1
20 12.8 22 30.5
12 2.4 18 18.3
18 7.6 16 3*4
14 5-2 18 7.0
15 6.1 20 16.2
18 7.9 23 29.3
Overall average except for terrace B:

angle = 17k° height = 10.6 m
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