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ABSTRACT 

The Pelona Schist Is  the most landslide prone basement rock unit in 
the Inland Valley region of Southern California. In addition to being the 
source of the well-known mudflows a t  Wrightwood, slopes underlain by Felona 
Schist are sites of a large variety of landslide types, most of which lack 
classical landslide morphology. Sackung morphology, thought to be related 
to deep-seated rock creep, is seen on ridges of unusually low relief. 

INTRODUCTION 

The eastern part of the San Gabriel Moun- 
tains contains excellent examples of a var- 
iety of landslides, including sackungen, that 
have developed in basement rock. Of partic- 
ular interest are the abundant and varied 
landslides in the Pelona Schist. The route 
(Fig. 1) for this field guide- is designed 
primarily to view different types of land- 
slide in the Pelona Schist, but it  visits, 
landslides developed in other basement rock 
types for purposes of comparison. The route 
passes from the low relief of the San Bernar- 
dino area to the higher parts of the east- 
ern San Gabriel Mountains. 

The Pelona Schist, comprised of several 
rock types but mainly a fissile, white mica- 
albite-quartz schist, is the most landslide 
prone, and apparently the most easily dis- 
tortable basement rock type of inland south- 
ern California. All major lithologic varia- 
tions of the Pelona Schist, including green- 
stone, appear to be landslide prone. The 
Pelona Schist is probably best known as the 
source material for spectacular mudflow oc- 
currences at Wrightwood, but is also a source 
material for a large variety of landslide 
types. Most of these other types lack typ- 
ical or classical landslide morphology. 

Mudflows are only one minor type of land- 

sliding in the Pelona Schist, but the dram- 
atic nature of moving mudflows has focused 
attention to them. Otherwise there has been a 
general lack of awareness of the multitude 
and variety of landslides occurring within 
the Pelona Schist. The well developed schis- 
tosity, and in many places the pronounced 
lithologic layering, produce some physical 
similarities with the slope-failure charac- 
teristics of well-bedded sediments. The 
relatively weak nature of the schist results 
in varied landslides regardless of the phys- 
ical setting, as long as there is at least 
some moderate relief. 

Even the evolution of a single composite 
landslide in the Pelona Schist can result in 
the formation of a variety of interacting and 
interdependent types of landsliding (Morton 
and Campbell, this volume). 

Except for storm-generated ("cloudburst" 
type) debris-flows, none of the hundreds of 
landslide deposits and the few active land- 
slides we have seen within the Pelona Schist 
have moved, or have the physical appearance 
of having moved, in a rapid, catastrophic 
fashion. All other major basement rock 
types, both plutonic and metamorphic, in the 
San Gabriel Mountains, contain some land- 
slide deposits whose physical appearance 
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Figure 1: Access routes to the landslides described in this guide. 
m e n  boxes indicate the coverage of maps in subsequent figures. 

indicates they formed by rapid, catastrophic 
movement. Once formed, or reactivated, the 
larger landslides in the Pelona Schist are Sackungen 
capable of continuous, or essentially contin- 

volume). 

uous, very slow movement over a period of Most of the landslides in the Pelona 
several years (see Morton and Campbell, this Schist have somewhat abnormal or atypical ap- 
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Figure 2: Explanations for side-hill trenches 
and ridge-top trenches. a; A single shear 
plane passing downward into flexural slip 
folding in foliated bedrock; based on a 
sackung described by Zischinsky (1969). b 
Flexural slip in foliated bedrock; after 
Tabor (1971). c: Normal dip slip and thrust 
surfaces associated with "plug flow" of the 
slope material; summary of theory (Radbruch- 
Hall et al., 1976; Savage and Varnes, 1987) 
and observation in bedrock and sediment 
(Beck, 1968; Morton et al., this volume). 

pearance when compared to their counterparts 
in sedimentary rocks. An unusual aspect of 
the Pelona Schist, is its ability to undergo 
extreme in situ distortion and dilation 
without failing as a discrete landslide. This 
behaviour is perhaps most evident in the 
common, widespread presence of morpholog- 
ical features generally attributed to deep 
rock creep. Deep rock creep, in  contrast to 
shallow solifluction and debris flow types of 
creep, can extend to depths of hundreds of 
meters (Radbruch-Hall, 1978). In high moun- 
tain terrain, deep rock creep is considered 
to produce a morphology characterized by 
side-hill trenches, ridge-top trenches or 
depressions, and well defined scarps, but no 
marginal or distal landslide parts (Radbruch- 
Hall, 1978). The distal part of a creeping 
mass is commonly a distended or bulging zone. 

The ability of the Pelona Schist to dis- 
tort without complete failure commonly re- 
sults in the development of "half-a-land- 
slide" morphology -- well defined landslide 
morphology in the crown area with no medial 
and/or distal landslide morphology. Strain, 
evidenced by a well developed scarp, can be 
accommodated by distortion in material down- 
slope, without formation of any downslope 
landslide morphology (Morton and Campbell, 
this volume). Large composite foliation 
plane failures along lithologic layering and 
(or) schistosity surfaces can have well- 
defined to indistinct headward morphology 
coupled with distal parts that are indistinct 
to unrecognizable, if indeed present. 

This distinctive form of failure resembles 
that to which Zischinsky (1969) gave the 
German term Sackung (Fig. 2) .  His English 
abstract translates this term as "subsid- 
ence", which has English connotations that 
are certainly too broad and perhaps mislead- 
ing. If an English word is needed for 
sackung, we prefer the etymologically closer 
translation - sag (late middle English - 
saggen; middle low German and low German - 
sacken; Dutch - zakken; Partridge, 1983). 
It is clear that Zischinsky coined his term 
for a whole class of slope failure, defined 
according to the spatial distribution of 
shear surfaces, and thus equivalent in order 
to slide, flow, fall, etc. 

A sag is a slope failure in which a well- 
defined slide plane near the headscarp, pas- 
ses downward into a broader zone of deep 
creep. Consequently the lower portion of the 
this type of failure simply bulges out into 
the valley. The following excerpt is a 
translation of Zischinsky's (1969, p. 31) 
description of a sag in schists and phyllites 
at Matrei in the Tyrolean Alps: 

". . . the scarp in the upper part 
of the slope resulted from movement on 
a single slip surface, whose mussel- 
shaped outcrop in the mountain meadow 
is' easy to recognize as a steep rock 
step; but which certainly ends down- 
ward within the slope. Below this, 
the slip is taken over by small differ- 
ential movements on every individual 
shear surface, which sum to produce a 
bending or rotation of the foliation 
into a northward [upslope] dip. Courtesy WrightwoodCalif.com



304 Morton and Sadler 

"In this deeper region the ductility 
of the material is significantly great- 
er than higher up, where the foliation 
shows little or no rotation, and the 
movement is taken up by discontinuities 
of a significantly different order 
(slide planes) . . ." 
Gary et al. (1972) give the impression 

that a ridge-top trench is diagnostic for 
Zischinsky's concept of a Sackung. We have 
translated the following portions of Zisch- 
insky's (1969, p. 42-43) general statement on 
Sackung morphology to show that he recog- 
nized ridge-top trenches (double-crested 
ridges) as a special case: 

"In almost all the sags [Sackungen] 
that I have examined, the generally re- 
cognized segmentation of the profile of 
the failed slope is more or less 
distinct: a concave upper section and 
a convex, outwardly arched, lower 
part. . . . 

T h e  segmentation of the slope into 
a concave and a convex part corresponds 
to its division into mass-excavation 
and mass-accretion segments. In all 
the examples given here, one has a t  
least the impression that the accretion 
at the foot is greater than the excav- 
ation a t  the head. . . . We must 
therefore accept that the slope mater- 
ial undergoes dilation during movement, 
no doubt by a relaxation of the joint 
system, as long recognized in struc- 
tural geology. . . . 

"The convex foot . . . pushes for- 
ward out of the line of the normal 
flanks into the valley space. Through 
this crowding of the valley, 'false' 
terraces and narrows develop, against 
which gravel terraces accumulate. . . 

"Rupture surfaces are involved in 
the development of the profiles of sags 
to varying degrees. Their outcrops 
constitute the second morphological 
characteristic of sagged slopes, and 
control mainly their higher parts. One 
can differentiate two groups in which 
the morphological differences corres- 
pond partly with differences in move- 
men t: 

"Headscarps are developed in all my 
examples and are, for the most part, 
readily recognizable as such. Commonly 
they at least approach the familiar 
scoop shape. Double-crested ridges 
[Doppelgrate] are a special case of 
this form. They develop when a slip 
surface crops out behind the ridge that 
borders the failed slope. The second 
group includes side-hill ledges and 
trenches [hangparallelen Leisten und 
Rinnen] and, in part, mere reductions 
of gradient, at which mainly subord- 
inate slip surfaces crop out." 

In schists of the Millstatter Alm in the 
Carnic Alps Zischinsky (1969, p.33) describes 
a slide plane "whose outcrop produces a 1 km 
long and 25 m deep double crested ridge"; 
and yet observations from mining near the 
foot of the sag, and the trace of this slide 
plane prove that it does not shear through to 
the toe of the sag. 

Radbruch-Hall, et al., (1976) applied el- 
astic-plastic finite element analysis to ex- 
plain the origin of many slope features that 
are. associated with Sackungen. One of the 
more interesting of these is the double- 
crested ridge, or Doppelgrat. As is evident 
from the translated extracts, Zischinsky 
(1969) thought that double-crested ridges 
formed where a slip surface is located behind 
the ridge-top of the failed slope. Although 
this geometry is demonstrable for some 
double-crested ridges, and more commonly for 
hill-side trenches, i t  appears too geometric- 
ally restricted for the general case. We 
consider an analysis by Savage and Varnes 
(1987) to provide a preferable model for the 
general case. Through an extension of the 
analytical approach used by Radbruch-Hall, 
et al., (1976), they showed that symmetric 
double-crested ridges could form as a result 
of symmetric downslope plastic flow on both 
sides of a ridge. 

Current interpretations of the origin of 
sackungen invoke rock "creep" a t  slow defor- 
mation rates. The term "creep" is meant to 
imply distributed shear deformation on many 
surfaces rather than simple sliding on one or 
a few surfaces. Many have also suggested a 
causative relationship between the retreat of 
a valley glacier that once butressed the 
slope and a subsequent sagging (bulging) of Courtesy WrightwoodCalif.com
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the slope. Sackungen are most spectacular, 
and generally considered to be common, only 
in mountainous areas of relatively great rel- 
ief, especially in glaciated terrain. Tabor 
(1971), for example, found widespread sack- 
ungen essentially limited to ridges more than 
1,000 m high. 

Slope failure with morphology that appears 
identical to sackungen has been ascribed to 
ground deformation accompanying earthquakes. 
Some of the earthquake-generated, sackung- 
like features are in alpine settings similar 
to those where oversteepening of slopes by 
glacial retreat or erosion is considered the 
necessary condition (Beck, 1968; Radbruch- 
Hall, 1978). Others occur in close proxim- 
ity to major faults in a considerably more 
subdued physiographic setting, quite dis- 
tinct from the typical alpine setting (Castle 
and Youd, 1972; Oakeshott 1975; Radbruch- 
Hall, 1978; Morton, et al., this volume). 
Sackungen associated with both the typical 
and atypical physiographic settings occur in 
the eastern San Gabriel Mountains. 

Sackungen are widespread, though not par- 
ticularly abundant, in their typical, high- 
relief setting over much of the eastern San 
Gabriel Mountains. The apparently extreme 
ductility of the Pelona Schist, however, re- 
sults in the common occurrence of sackung- 
like morphology on ridges with relief as 
little as 30 m. It is doubtful if deep rock 
creep is responsible for the formation of 
these sackungen. It  is more likely they are 
the product of symmetric ridge-top lateral 
spreading, with attendant backward rotation 
of the crestal material. Such sackungen can 
apparently form as a product of high ground 
acceleration, including geometric ridge-top 
focusing of energy, during earthquakes. 
Sackung features in the Pelona Schist are 
most abundant on low-relief ridges along the 
south side of Lone Pine Canyon, very close to 
the trace of the San Andreas fault. 
Sackungen are also relatively common along 
Upper Lytle Creek - Blue Ridge and the ridge 
on the north side of Lone Pine Canyon. 
Relief on these two ridges ranges from 200 
to 400 m. 

Figure 3: Map of landslides (stippled) in the Shandin Hills. Foliation 
attitudes, and dikes are indicated. Slope contours shown on bedrock only. * 
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FIELD GUIDE 

The route may be followed on figure I. 
Take Interstate 215 northbound from Riverside 
toward San Bernardino and Cajon Pass. 

Grand Terrace 

Before its intersection with Interstate 10 
the freeway descends sharply from Grand Ter- 
race to the Santa Ana River. A small land- 
slide and gullying are evident in grassy 
slopes southeast of the freeway near the top 
of the grade. Mount Vernon Avenue descends 
this slope, supported in part by concrete 
cribbing. 

On a clear day this grade affords a view 
across San Bernardino to the San Andreas 
fault-line scarp -- the south face of the San 
Bernardino Mountains. The most obvious scars 
(white) high on the mountain face are fail- 
ures below Rim Forest (Hanson et al., this 
volume). Beyond the freeway interchange at 
the foot of the grade, the low Shandin Hills 
stand out in the basin, immediately northwest 
of San Bernardino. 

Shandin Hills 

The freeway passes close by the south 
flank of the Shandin Hills, between the 
Highland Avenue and State College Parkway 
off-ramps. Stopping on 1-215 is illegal and 
not recommended: most of  the landslide mor- 
phology is easily seen from the freeway at 
slower speeds. 

The first view of landslides within the 
Pelona Schist is in the low relief Shandin 
Hills. Like many of the landslide sites in 
this guide, the landslides are most evident 
in relatively low sun angle conditions. In 
the Shandin Hills either early morning or 
late afternoon light renders the landslides 
most conspicuous. 

The Shandin Hills, are underlain by the 
siliceous Pelona Schist, cut by Miocene gran- 
itic dikes; they rise above the aggrading 
alluvial floor of the San Bernardino basin. 
Schistosity strikes west to northwest and 
dips at moderate angles to the south. Al- 
though the south side of the Shandin Hills 
should be more susceptible to landsliding 
than the north side, due to day-lighting of Courtesy WrightwoodCalif.com
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Figure 5. View of Lower Lytle Creek Ridge southwest from old Highway at Kenwood, where different 
lithologies influence slope stability (see map figure 4). 

NW 

Figure 6. View of Cajon Mountain northeast from old Highway at Kenwood. Stipple: faulted avalanche 
deposit 'of figure 7. 
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Figure 7: Map of faulted landslide deposit (stippled) ont Cajon Mountain. 

lithologic layering and schistosity, the 
weak nature of the schist results in near- 
ly the same abundance of landslides on the 
north side as on the south side of the hills 
(Fig. 3). 

In the Shandin Hills most of the. land- 
slides are small, 30-200 m wide with slightly 
flattened headward parts, indistinct crowns, 
and commonly no definition of the toe or dis- 
tal margins. The flattened headward parts 
suggest a component of rotation during land- 
sliding; but where observed most landslides 
with this morphology in the Pelona Schist re- 
sult from the downslope distortion of a mass 
of material. At the time of landsliding, 
material moves downslope leaving behind a 
well-defined crown and producqs a medial 
bulge with a somewhat flatten upper part. 
Strain in the distal .parts of the landslide 
is commonly expressed only as distortion 
within thoroughly fractured schist or as a 
zone of disaggregation, lacking a "classic" 
well defined slip surface. Thus at the time 
of landsliding, well defined upper limits can 

exist with, a t  best, poorly defined lower 
limits. 

The interstate grade is maintained by 
benched cut-slopes a t  the west end of the 
Shandin Hills. The slopes show some rilling 
and gulleys faced with concrete. 

Lower Cajon Creek 

Shortly after I-215 merges with I-15 take 
the Kenwood Offramp and turn left (west) un- 
der the freeway. Descend toward Cajon Creek, 
turn right onto the old highway and park 
close to the intersection. Approaching the 
Kenwood off ramp, notice concrete-lined drain- 
age gulleys. 

I 

View to the wgst across Cajon Wash (Figs. 
4-5). Due west across Cajon Wash on Lower 
Lytle Creek Ridge is an intrusive contact be- 
tween a Miocene granitic pluton (unit Tqm on 
Fig. 4) to the south, and the Pelona Schist, 
which includes here both greenstone (PS3) 
and siliceous schist (PS2), to the north. Courtesy WrightwoodCalif.com
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The conspicuous, steep faceted-spurs of the 
modified fault scarp of the Glen Helen fault 
combined with the landslide-prone Pelona 
Schist give rise to abundant landslides. 
Note the relative absence of landslides 
within the granitic rock. The larger land- 
slides, crossed by the power lines, are more 
obvious here due to the pronounced scarp 
and the bench-like head of the landslide de- 
posits. 

View northwest along Cajon Canyon (Fig.4). 
Looking along the old highway to thexnorth- 
west, note the prominent hill where Cajon 
Canyon changes course 90 degrees to the 
northeast, west of Blue Cut (Fig. 4). This 
hill is under-lain predominantly by a well- 
layered, gray, white mica-rich, variety of 
the Pelona Schist (PS) in a block bounded by 
the Glen Helen fault on the southwest and the 
inactive Punchbowl fault zone on the north- 
east. The layering and schistosity is quite 
regular, striking northwest and dipping at 
moderate angles to the northeast. This makes 
the east and northeast side of this.hill bas- 
ically a dip slope. 

The combination of the dominant slope dir- 
ections and the orientation of layering has 
resulted in essentially all of the east and 
northeast aspects of this hill failing by 
distributive failures along the lithologic 
layering and foliation. These large scale, 
pervasive, subtle landslides commonly lack 
recognized landslide morphology. Here, the 
upper parts of the larger slides have pro- 
nounced flattened surfaces. A few relatively 
well-defined small landslides occupy the 
upper reaches of canyons incised into the 
east and northeast slopes of this hill. 
These more readily apparent landslides divert 
attention from the more subtle but much more 
extensive landslides. 

View North across 1-15 to Cajon Mountain 
(Figs. 6-7). A large, dissected, avalanche 
deposit, composed of gneiss and marble, is 
located north towards Cajon Mountain (topped 
by Forest Service lookout). This avalanche 
originated above the amphitheater located 
slightly east of north. The flattened floor 
of the amphitheater is the upper part of the 
landslide deposit. The San Andreas fault cut 
the medial part of the deposit, offsetting it 
about 700 m (Fig. 7). The dissected distal 
parts of the deposit rest on the Pelona 

Schist and, locally, on gravel. The obvious 
color change in the highway cut on 1-15 from 
whitish (landslide debris with abundant 
marble) in the upper part of the highway cut 
to dark gray (Pelona Schist) is the contact 
between the landslide deposit and in situ 
ma terial. 

Biua Cut. Continue northwest along the 
old highway, Cajon Blvd.. and around the 90 
degree bend to where dark-colored Pelona 
Schist is unstable and produces rock- falls 
onto the abandoned lane of the old divided 
highway. Ample parking is available where it 
is possible to pull across the former center 
divider. 

At a road cut 3.4 miles from Kenwood, 
Cajon Blvd crosses the south side of the 
Punchbowl fault zone, which is an old aban- 
doned strand of the San Andreas. The fault 
is well exposed in the highway cut. What is 
commonly termed the Punchbowl fault is two 
closely spaced faults. Two different var- 
ieties of the Pelona Schist occur on the 
outside of the two faults, and between them 
is a sliver of different rock types that has 
variable width. Here, a t  Blue Cut, the Pel- 
ona Schist on the south side of the fault is 
a well layered siliceous and mica rich green- 
schist facies rock. The rock inside the 
fault zone consists of a mixture of gneiss 
and chloritized tonalitic rock. Higher 
grade schist, predominantly a garnet-bearing 
greenstone, occurs on the north side of the 
fault zone. The northern fault zone is 0.3 
miles up Cajon Blvd. from the southern 
fault. The currently active strand of the San 
Andreas fault is crossed 0.3 miles up the 
highway from the northern Punchbowl fault. 

The rock slopes in the Pelona Schist above 
the old highway have been essentially un- 
maintained since the opening of the new 
freeway. The catch-fence is in disrepair; 
rockfall deposits have accumulated behind the 
fence and on the abandoned carriageway. 

Continue northbound on old highway. 

North of the San Andreas fault the prom- 
inent road cuts are in bedded sediments. 
First there are moderately dipping marine 
sandstones and shales that are generally con- 
sidered to be of the San Francisquito Form- 
ation. Beyond Swarthout Canyon Road is a Courtesy WrightwoodCalif.com
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Figure 9. View of landslides (stippled) on Lytle Creek Ridge, from intersection of Lone Pine Canyon Road 
and Swarthout Canyon Road. 
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Figure 10. Scarps in alluvial deposits in Lone Pine Canyon, below Clyde Ranch. 
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face exposing the now steeply dipping San 
Francisquito Formation and non-marine sand- 
stones and conglomerates of the Cajon For- 
mation (also incorrectly called the Punchbowl 
Formation, by many workers who make a false 
analogy with the type area of that unit at 
the Devil's Punchbowl). Note the steeper, 
more stable face maintained here as compared 
with the more gently dipping sandstones and 
shales to the south. 

(For close u p  views of  landslide material 
in the large fqliation-plane slides west o f  
Blue Cut, turn left  on Swarthout Canyon Road 
0.6 mi above Sdn Andreas fault, cross Cajon 
Creek and a first set o f  railroad tracks, and 
turn left after crossing the second set o f  
railway tracks onto a road along north side 
o f  tracks, at 0.9 mi from Cajon Blvd. After 
0.4 miles veer right on a road, which will 
cross through landslide debris. After a dis- 
tance of ab ut 0.5 mi lk  from the railway, 

numerous slip planes both, parallel and at 
small angles to layering. It is possible to 
continue on Swarthout Canyon Road to the 
first stop in Lone Pine Canyon or return to 
the old highway.) 

road cur+ P xpose the Pelona Schist cut by 

Lone Pine Canyon 

I f  you chose not to view the landslide 
debris close up, continue on Cajon Blvd. to 
its junction with I-15. Take I-I5 north to 
Highway 138, and 138 west to Lone Pine Canyon 
Road. Lone Pine Canyon Road is a left turn 
opposite Mormon Rocks, after Highway 138 dips 
beneath a railroad bridge. 

Notice the pattern of patches in Lone Pine 
Canyon +Road; the majority have been applied 
to curves around the bedrock spurs, rather 
than the intervening gulleys. After unusual- 
ly wet seasons the road surface has been 
found to suffer cracks and bulges indicative 
of failure of the ridges, not the valley 
fill. 

Almost' immediately after turning right 
(northwest) into Lone Pine Canyon, stop at 
the junction of Lone Pine Canyon Road with 
Swarthout Canyon Road (3N28), which- is a 
prominent sign-posted dirt road on the left 
(Fig. 8). 

Lone Pine Canyon has developed along the 

31131 Side- hill tre-neh 
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Figure' 11. Oblique aerial view of side-hill 
trench on southwest flank of hill 5080. 

San Andreas fault zone (SAF in Fig. 8). It 
exposes a mixture of plutonic, gneissic, and 
marble basement rocks on the north, and the 
Pelona Schist on the south. Detritus from the 
easily erodible Pelona Schist has produced a 
pronounced lateral asymmetry to the valley. 
Note the debris-choked broad, flat-bottomed 
canyons tributary to Lone Pine Canyon (Fig. 
9). The differences in basement rocks also 
provides a nice contrast in both the number 
and types of landslides originating in the 
two basement rock types. 

Most of the north side of the ridge south 
of Lone Pine Canyon (Blue Ridge - Upper Lytle 
Creek Ridge) is underlain by a relatively 
high grade, upper greenschist to lower amph- 
ibolite facies, coarse-grained schist, locat- 
ed between the Punchbowl (PBF) and San An- 
dreas (SAF) fault zones. Most of the schist 
is the muscovite-bearing variety; greenstone 
is also locally common. The foliation , 
strikes almost parallel with the canyon, 
dipping southward into the ridge. From the 
lower part of Lone Pine Canyon, south of 
where Lone Pine Canyon road enters the can- 
yon, to the north end of the canyon, the low- 
er parts of virtually all ridges are land- 
slides. 

Again, the landsliding within the Pelona 
Schist takes on atypical aspects. The distal 
part of nearly every ridge has moved by 
landsliding and/or deep rock creep (sagging), 
towards the floor of Lone Pine Canyon as well 
as laterally into inter-ridge canyons. This 
type of landsliding results in the formation 
of morphologically distinctive, blunt-nosed Courtesy WrightwoodCalif.com
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lower ridges with flattened or trenched ridge 
tops, and common side hill trenches (Fig. 9). 
Some ridges are dominated by trenches with no 
expression of a landslide deposit. The tren- 
ches appear to form by lateral displacement, 
with backwards rotation, of ridge top 
material towards the free face of the inter- 
ridge canyons. Side hill trenches form where 
the head or scarp, of the landslide is on the 
opposite side of the ridge from the toe of 

6 -  0 the landslide (Fig. 2). 
b 
.I 

The abundance of side-hill and ridge-top 
trenches in ,such close proximity to the San 
Andreas suggests a causative relationship 
between this type of landslide and shaking 
from earthquakes. The side-hill and ridge- 
top trenches seem to be the result of 
repeated occurrences of shattered ridge tops. 
Shattering results from focusing energy near 
the top of a ridge during an earthquake. 
Shattered ridge tops' have now been described 
for a number of southern California earth- 
quakes (e.g. Castle and Youd; 1972; Oake- 
shott, 1975; Morton et al., this volume). 

The following section describes a loop, 
via dirt roads, along the top o f  the south 
flank of the canyon and back to the Lone 
Pine Canyon Road. It shows the character o f  
the top of a ridge in the Pelona Schist, 
describes landslides in the Lytle Creek 
drainage, and affords a better view o f  the 
north flank o f  Lone Pine Canyon. The state 
o f  the roads should be predicted from recent 
weather: when dry they require only a 
moderately high clearance, not four-wheel 
drive. I f  it is important to remain on paved 
roads and/or save time, continue northwest up 
Lone Pine Canyon road about 3.5 miles to the 
last major south- flank tributary below the 
Clyde Ranch Road (Figs. 8-10). Also skip the 
listings under "Lytle Creek Ridge".. 

Lytle Creek Ridge (Figs. 8, 11-12). Take 
Swarthout Canyon Road (3N28) south 2 mi to 
the road 2NS6 to Lytle Creek Ridge. Follow 
road 2NS6 to the saddle on Lytle Creek 
Ridge, where it joins 3N31. 

Most of the road cuts on 2N56 expose 
landslide material in the Pelona Schist. 
They may be examined for evidence of the 
mechanisms of slope failure and the earlier 
deformation and metamorphism. The failure 
surfaces here are mostly along the litho- Courtesy WrightwoodCalif.com
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logic layering-schistosity. Note that there 
is a recent small slump on the north side of 
the saddle. 

Note mileage at the intersection, as an 
origin for distance along the ridge. Turn 
right and take road 3N31 to the summit of  
Upper Lytle Creek ridge, and then north along 
the ridge top. At 0.8, 1.0, 1.6, and 2.4 
miles from the intersection the road has been 
engineered on an unfavorable slope by the use 
of cribs. 2.4 miles from the intersection is 
a hairpin bend and saddle. Park in the 
saddle, southeast of  Hill 5080 (Figs. 8, 11). 

The Pelona Schist here has the same 
lithology and structure as on the hill west 
of Blue Cut, in the structural block between 
the San Jacinto fault zone and the Punchbowl 
fault zone. The strike of foliation is north- 
west and the prevailing dip northward. A 
prominent side-hill trench is located on the 
south side of hill 5080 (Figs. 8, 11). The , 

geometry of the trench relative to the hill 
suggests that this trench is probably not an 
expression of a "typical" sackung. In a 
"typical" sackung the trench would be inter- 
preted as a result of downslope movement on 
the south side of hill 5080. We interpret 
this side-hill trench to result from the slip 
surface a t  the head of a landslide moving 
northward which includes hill 5080. Thus, 
the upper part of hill 5080 has moved north- 
ward, perhaps along schistosity surfaces, 
producing a pronounced trench along the 
southwestern side of the hill. Lack of evid- 
ence of any marginal or distal parts of the 
landslide on the north side of Hill 5080 
suggests considerable distortion of the Pel- 
ona Schist on the north side of hill 5080. 

Filling the canyon north of and east of 
hill 5080 is a good example of a flow-type 
landslide in the Pelona Schist. The morph- 
ology of this flow is suggestive of slow 
movement. One tenth of a mile farther along 
3N31 it is possible to look back and down to 
see more of the dissected distal part of this 
flow. 

Continue along 3N3I around Hill 5080 and 
park at a dozer cut 3.0 miles from the 
intersection. Looking south into Lytle Creek, 
affords a good view back along the trench 
from its west end. Continue westward along 
3N31. 

Note the abundant landslide features in 
the morphology of the ridge-top as well as on 
the slopes to either side of the road. At 4.0 
miles the road crosses the Punchbowl fault - 
a narrow zone containing materials that do 
not belong to the Pelona Schist. At 5.0 
miles there is a junction that offers a 
possible faster return to Lone Pine Canyon. 
In the foreground, to the left of the road is 
another side-hill trench. 

Continue with 3N31 along ridge crest. At 
2.9 miles a road cut exposes broken rock 
below an obvious, small, young scarp, whi4h 
is stifl unobscured by vegetation. 

Park in the saddle on 3N31. 6.4 miles from 
the intersection with 2N56. This is a good 
vantage point into the North Fork of Lytle 
Creek (Fig. 12) and the opportunity to com- 
pare landslides in other basement types with 
those of the 'Pelona Schist. 

To the southwest, two side hill trenches 
are visible, easily seen with binoculars, on 
the north side of the ridge extending east 
from Mount San Antonio (also called "Baldy", 
or "Old Baldy") to Mount Harwood (Fig. 12; 
see also Fig. 2 in Morton, Sadler, and Min- 
nich, this volume, for a .  map of this ridge). 
Mount Harwood can be picked out by the prom- 
inent pattern of dikes exposed near its sum- 
mit. The trenches are immediately to the 
right (north) of this unvegetated face and 
rendered darker by vegetation. They are 
crown scarps of renewed landsliding in the 
source area of the Mount San Antonio aval- 
anche. The failed slope is moving south 
behind Mount Harwood. 

To the south is a good view of Coldwater 
Canyon, which heads at Telegraph Peak (elcv- 
ation 8985 feet). A rapidly moving aval- 
anche, headed near the summit of Telegraph 
Peak, traveled a minimum distance of 4.5 km 
in a descent of 1000 m. to the North Fork of 
Lytle Creek. This avalanche is now dissected, 
and largely incorporated into a physiography 
not suggestive of its landslide origin. A 
closed depression and a recently breached 
closed depression are among the few remaining 
landslide features. A currently active (or 
perhaps by now, recently active) slow and 
discontinuously moving landslide crosses the 
Vincent thrust on the ridge east of Coldwater 
Canyon (Figs. 8, 12). Courtesy WrightwoodCalif.com
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At 7.0 miles (0.7 miles west of the over- 
view) the road 3N31 passes along a swell. A 
broad, shallow ridge-top trench (the top of a 
sackung) lies just to the right of the road. 
The more distant hill with a clearly visible 
dirt road is mostly a large landslide. 

At 8.0 miles 3N33 branches left into Lytle 
Creek. Stay on 3N31. Note ridge-top swale 
a t  8.7 miles. Take lower road at 8.0 miles to 
descend back into Lone Pine Canyon. As the 
road descends along the north side of Lytle 
Creek ridge it CTOSSCS the Punchbowl fault 
zone with intpnsely deformed, light colored, 
gneissic rock a t  8.2 miles. Farther down are 
good views across Lone Pine canyon to the 
relatively isolated slides on its north 
flank. At 10.0 miles a very obvious, young, 
vegetation-free slide can be seen in the 
Pelona Schist on the opposite side of the 
tributary canyon into which 3N31 is descend- 
ing. Obvious as the scar may be, the deposit 
has very little landslide morphology that 
would be recognizable if it had a vegetation 
cover. 

At 11.8 miles, just before 3N31 enters the 
wash, a ridge-top trench descends almost to 
the floor of the canyon with a ridge to the 
left. A dip in the top of the thick brush is 
all that can be seen from the road; it  mimics 
the ridge-top trench. At the junction with 
Lone Pine Canyon Road there is an isolated 
slide in the basement of the north flank. 

Turn right onto paved Lone Pine Canyon 
Road. Drive down canyon I mile. Park oppos- 
ite the first wide tributary canyon on south 
flank, below Clyde Ranch. 

Clyde Ranch (Figs. 8, 10). An interesting 
set of north trending scarps occurs in the 
alluvium on the south side of Lone Pine Can- 
yon in the side canyon below Clyde Ranch (CR, 
Fig. 8). These scarps are located on the 
south side of a small graben formed at a 
minor right-step in the San Andreas fault and 
may be the result of a lateral spread type of 
landsliding on the relatively gently sloping 
alluvial surface (Fig. 9). Alternatively the 
scarps may have formed in response to the 
extension in the right step or the depression 
(graben) may have created enough of a free 
face to enhance downslope movement producing 
the scarps. These scarps are most visible in 
either early morning or late evening light, 

but appear quite subdued in midday light. 

Ridges on both sides of the scarp-crossed 
canyon are good examples of spreading ridges 
with bulbous snouts and. ridge top trenches 
(Fig. 10). 

Follow Lone Pine Canyon Road northwestward 
up-canyon toward Wrightwood. 

A good example of a landslide deposit pro- 
duced by .a  moderately fast moving flow- 
avalanche occupies a prominent hill near the 
road on its north side, 1.5 mi above Clyde 
Ranch (CR, Fig. 8). Note that the main bul- 
bous mass of the deposit protrudes out from 
the ridge front and has deflected the stream 
course. South of the road is another low 
ridge in the Pelona Schist that offers a good 
example of extensive lateral spreading of its 
lower parts and resultant ridge-top flatten- 
ing. 

Slover Canyon. The highest (westernmost) 
major tributary drainage on the south flank 
of Lone Pine Canyon is Slover Canyon; it 
contains remnants of a landslide deposit 
which largely filled the headward part of the 
canyon. This landslide apparently had about 
the same dimensions as the Wright Mountain 
landslide, which occupies the upper part of 
Heath Creek Canyon in adjacent Swarthout 
Valley. 

Swarthout Valley 

Enter Swarthout Valley from the southeast 
on Lone Pine Canyon Road. (In the saddle, 
just before the Lone Pine Canyon road 
descends into Swarthout Valley, a short 
stretch' of dirt road to the right leads to 
the head of Lone Pine Canyon and an excellent 
view of  its asymmetry). 

Swarthout Valley is a geologic contin- 
uation of Lone Pine Canyon but with a more 
pronounced asymmetry to its valley floor. 
Blue Ridge, on its south flank, is higher and 
receives more precipitation than Lytle Creek 
Ridge. Transport of debris, in large part 
by mudflows, from Blue Ridge on the south 
side of Swarthout Valley completely over- 
whelms the input of gneissic debris from the 
north side of the valley. In many places 
debris derived from the Pelona Schist forces 
Swarthout Creek, the main drainage down the Courtesy WrightwoodCalif.com
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valley, against gneissic bedrock along the 
north side of the valley; yet gneissic 
debris remains a subordinate sediment type in 
the creek. 

From the east end of the valley the 'first 
three major drainages on Blue Ridge - Sheep 
Creek, Heath Creek, and Acorn Canyons - all 
contain varying amounts of landslide deposits 
(Fig. 13, and Mohon and Campbell, this 
volume). 

Park near ,intersection of  Sheep Creek and 
Lone Pine Canyon Road if possible. The cros- 
sing is a conCrete road bed that is frequent- 
ly inundated with debris and mud from the 
Pelona Schist after rainstorms. In dry 
weather it is easy to examine the grey, mica- 
rich debris in the channel and levees. Holi- 
day Hill, north of Lone Pine Canyon road just 
west of Sheep Creek is composed of remnants 
of debris-flows and nhdflows. 

Foilow Lone Pine Canyon Road to its dead 
end. Lone Pine Canyon road .is now terminated 
by a mudflow-flood control levee. The termin- 
us was once the site of an apple orchard. 
Prior to the spring of 1969 Lone Pine Canyon 
road continued uninterrupted northwestward to 
Highway 2. The levee is part of an attempt to 
divert mud flows from Heath Creek east of the 
older parts of Wrightwood. The diversion 
scheme began in response to major mud-flow 

line Mountain 

Figure 14. Landslides in the upper parts of 
Heath Canyon, 1975. 

Pine Mtn. Older slide Vounacr slide 

Figure 15. Head of Heath Canyon, 1975. 

events of 1938. It was breached in 1941 and 
augmented during the 1960's. Accumulation of 
mudflow deposits during the spring of 1969 
required the creation of the levees in an 
attempt to protect parts of Wrightwood. 

Take Lone Pine Canyon Road back to Sheep 
Creek Road and proceed north, following the 
modern route to Highway 2. via Thrush Street 
crossing Heath Creek farther down-stream. 

After crossing Heath Creek, note that 
several houses on the left (south) side of 
the road are located on what appears to be 
sunken pads. When the houses were construct- 
ed they were on the alluvial surface. Rel- 
atively slow moving mudflows in 1965-66 sur- 
rounded several cabins to depths exceediqg 
one meter, but generally resulting in little 
structural damage. Still wet mudflow debris 
was removed from around the houses, but not 
entire lots, thus producing the appearance of 
recessed building sites. Note the uniform 
small size of some tree stands in this neigh- 
borhood. 

Continue. west on Thrush Street until it 
terminates against Oak Street and turn left 
(south). Take Oak Street to its southern 
end at the "flood" control levee and turn 
right (west) onto a rough, unimproved dirt 
road paralleling the flood control levee. 
Drive or walk, as circumstances dictate, to 
the mouth of Heath Creek. Courtesy WrightwoodCalif.com
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Three tenths of a mile above the end of 
Oak Street the dirt road follows the course 
of the 1941 mudflow lobe. Stands of uni- 
formly small trees mark this deposit. A short 
distance up the canyon, above a locked gate, 
are the distal parts of the Wright Mountain 
landslide, which fills the upper reaches of 
Heath Creek Canyon. The canyon abruptly nar- 
rows a t  a !lot cut in the relatively quartz- 
rich Pelona Schist with common metachert 
layers. The pre-landslide canyon bottom was 
to the east of this bedrock narrows. The nar- 
rows is the product of a superposed drainage 
developed along the lowest part of the cad- 
yon arter the canyon filling by the Wright 
Mountain landslide (Morton and Campbell, 
this volume). In most years mudflows produce 
well developed mudf low levees, usually both 
below and above the bedrock narrows. 

Retrace Oak Street north to Lone Pine 
Canyon Road 'and Highway 2. Continue north- 
west through town. A good view of the land- 
slide filling Heath Creek Canyon is obtained 

from across the highway at the school on the 
west side of Wrightwood. 

For a spectacular down-slope view of  Heath 
Creek Canyon, the canyon- filling landslide, 
and chaotic debris resulting from recent 
landsliding, take Highway 2 westward out of 
town, beyond the Big Pines Ranger station. 
At a saddle, signposted as "Inspiration 
Point", approximately 1.5 miles west of the 
station, turn lef t  onto the improved dirt 
road 3N06 that traces the crest of Blue Ridge 
to ski slopes and U.S. Forest Service Camp 
grounds. Note the mileage at the beginning 
of this road. The route that follows passes 
a US. Forest Service gate that we have found 
to be locked in winter but open at other 
times of the year. 

Blue Ridge (Figs. 13-16). 0.4 miles south- 
east from Inspiration Point, 3N06 crosses a 
rotational landslide in the Pelona Schist. 
This slide has a disproportionately large 
closed depression for the size of the land- 

Figure 1 6  Landslides on Pine Mountain as seen from Blue Ridge. 

Courtesy WrightwoodCalif.com
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slide; the road 3N06 crosses the upper part 
of the deposit and skirts the south and east 
side of the closed depression. 

A pronounced low landslide scarp is on the 
south side of the road at Blue Ridge camp- 
ground, 2.4 miles from Highway 2. This scarp 
appears to be the headward part of a land- 
slide moving southward, rather than the cres- 
tal part of a sackung. 

On clear days the drive to Heath Creek 
Canyon affords spectacular views of the 
Prairie Fork of the East Fork of San Gabriel 
Canyon, Mount San Antonio Peak, Mount Baden 
Powell with the Vincent thrust below it, and 
in very exceptional conditions, a view into 
the eastern part of the Los Angeles basin. 
At about 5 miles from the highway there are 
views of landslides on Pine Mountain. On the 
north side of Pine Mountain, located a t  the 
southeastern end of Prairie Fork, is a large, 
readily visible, foliation plane failure con- 
trolled by layering and schistosity in the 
Pelona Schist (Fig. 16). 

The exposed schist surfaces are in a large 
unvegetated scar that feeds a wide, grey, 
debris course, cut through the valley vegeta- 
tion. This foliation plane failure is in- 
cluded within a much larger, composite land- 
slide complex. The landslide complex includes 
both the north and northwest face of Pine 
Mountain and the eastern side of Pine Moun- 
tain in the Lytle Creek drainage. The best 
developed, classic sackungen we are aware of 
in the San Gabriel Mountains are located on 
Pine Mountain Ridge one km west of Pine Moun- 
tain (Figs. 13, 16). These sackungen have 
well developed ridge-top trenches and very 
pronounced side-hill trenches. Some of the 
side-hill trenches have enough relief to be 
reflected by the pattern in  the 40 foot con- 
tours on the Mount San Antonio 7.5-minute 
quadrangle. However, our view facing the 
ridge side renders most trenches essentially 
indiscernible. One trench is so pronounced 
that it  produces a saddle that can be seen 
even from our route and through tree cover 
(Fig. 16). 

At 5.6 miles take the upper road. , 

At 5.8 miles, just south of the road, is a 
very pronounced ridge-top trench. Look for 
marker posts in the trench. We consider this 

trench to be part of a typical sackung that 
has' developed on a high-relief ridge in con- 
trast to the spreads and trenches on the low 
ridges in Lone Pine Canyon. 

The headward part of Wright Mountain land- 
slide is at 6.5 miles from highway 2. A 
"parking area" is located on the left of the 
road a short distance from the landslide 
illustrated in figures 14 and 15. A short 
descent east of the parking area leads onto 
the top of the block which failed in 1969 
(Morton and Campbell, this volume); this 
block was connected to the ridge top in 1969. 
From this block the view is spectacular down 
the landslide debris to the bedrock gap and 
beyond to Wrightwood. At the far  side of the 
barren headscarp is a sediment filled depres- 
sion. Part of this bedded fill can be seen 
in the slide block; it  retains trees that 
show remarkably little disturbance from this 
distant viewpoint. 

Return to Highway 2, through Wrightwood to 
the junction with Highway 138. 

Highway 2 crosses Heath and Sheep Creeks 
just above their confluence below Wrightwood. 
At both crossings the textural chaos of the 
debris derived from the Pelona Schist indic- 
ates the persistence of mudflows and highway 
engineering problems. As Highway 2 swings 
north, following the course of the creeks to 
the desert, the sediments can be seen to be 
still dominated by the dark gray Pelona 
Schist, but the relatively size-sorted, len- 
ticular gravel bars, and the improved round- 
ing .of the clasts indicates a net dominance 
of fluvial transport south of the San Andreas 
fault. The stream course is still artific- 
ially managed, however. The levee west of 
the road is faced with cemented sand bags. 

Blocks of the Pelona Schist more than one 
meter in diameter have been transported at 
least 20 miles downstream from Wrightwood 
and out onto the desert fan, although the 
mean grain size is much finer at this 
distance. 

The Sheep Creek fan is so dominated by 
clasts of Pelona Schist that its dark colour 
is evident on LANDSAT images as far  north as 
Mirage Lake (about 30 km from the range 
front). On most remotely sensed images, the 
youngest fan surfaces are lightest, and the Courtesy WrightwoodCalif.com
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bare mineral soil of active creeks is usually 
very light colored. The development of more 
mature soils and a vegetation cover progres- 
sively darkens the surface after it  is aban- 
doned by stream flow. On Sheep Creek fan, 
however, the bare sediment has a dark gray 
color, while the older surfaces have a 
larger proportion of felsic rock fragments, 
from other sources. The highest reflectance 
seen on the fan is caused by crusts of 
aligned mica flakes left by standing water or 
very slow, shallow stream flow. 

and weakly consolidated silts and clays of 
the Crowder Formation. One simple, 13-acre, 
slump-earthflow j n  this material can be seen 
to the south and will serve as a reminder of 
the classic morphology of failed slopes in 
weak, ductile materials. 
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vt Highway 138 turn right and descend 
into Ca jon Valley. 
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