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PREFACE

During the gathering of material for the Memorial to Richard H. Jahns,
which appeared in the February 1985 issue of the AEG Bulletin, it
became apparent that Dick Jahns' life was too varied and interesting to
include all the information we had accumulated into a brief Memorial.
Several of Dick’s friends also indicated they would like to tell of their
personal experiences with Dick. Therefore, we decided to solicit per-
sonal comments from some of Dick’s close friends, so as to create an
anthology of both the personality and the professional accomplishments
of a true giant among geologists. We have also included some of Dick’s
unique and humorous lab problems, plus several shorter publications
from hard-to-obtain sources.

This biography is in five parts: a) A biographic sketch; b) personal in-
sights and reminiscences from colleagues and former students: c) Dick’s
imaginative engineering geology lab problems; d) a comprehensive
bibliography of Dick’s published works, with asterisks marking those
that should be of most interest to engineering geologists; and e) selected
reprints from less available sources.

Biographies of geologists are not a common feature in professional
Bulletins, but, as we think you will realize as you read this, Dick Jahns’
influence on general geology and engineering geology was so profound
that we feel special recognition is warranted.

[129]
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DICK JAHNS: THE PERSON AND THE SCIENTIST

Richard H. Jahns was born in Los Angeles on
March 10, 1915, the oldest of three children. Some
of Dick’s most vivid memories of the first eleven
years of his life were of Sundays spent riding around
the Los Angeles Basin on the old “Red Car Line."
These trips probably initiated his life-long fascina-
tion with railroads; as his trademark, Dick always
wore a railroad engineer’s cap when doing ficld
work.

In 1926, when Dick was eleven, the Jahns family
moved to Scattle where Dick was to spend his next
gix years, Early on, he became fascinated with the
profuse and varied marine life found in nearby Pugel
Sound, and he actually considered marine biology as
a career. However, Dick’s father was a ceramic
engineer and during his high school years Dick spent
the summers smelting enamels in his father’s porce-
lain enameling plant, thereby acquiring an interest
and knowledge of chemistry.

Dick’s high school grades were excellent, and it
was generally assumed in the Jahns family that Dick
would go to college, probably the nearby Univer-
sity of Washington. However, he became attractad
to Caltech when Ernie Watson, a physics professor
from that institution, gave a guest lecture at Dick’s
high school. As a result of this exposure, Dick took
and passed the Caltech enlrance examination, was
accepted as a freshman, and was awarded a scholar-
ship. Upon graduation from high school Dick re-
wrned to Los Angeles, where he lived with his
grandparents in Alhambra and began work on an
undergraduate program in chemistry.

Despite the rigors of a strenuous academic pro-
gram, Dick participated in both intramural and var-
sity sports at Caltech, earning letters in track, base-
ball and basketball (Figure 1), He also found time (o
work as a motorman for the Pacific Electric Rail-
road. As he was junior man on the seniority list,
Dick’s consigns usually were the ones the more
senior motormen didn’t want. His most frequent as-
signment was the “paper train” that left Los Angeles
at 2:10 a.m. 1o carry the morning papers to the San
Gabriel and San Bernardino Valleys. The train re-
turned to Los Angeles in time for Dick to go directly
1o his 8:00 a.m. class.

During his junior year, Dick took an elective in
crystallography, that was taught by Ian Campbell,
Fortuituosly, this course fell in conjunction with a
particularly odorous (literally) chemistry laboratory
course, and the contrast caused Dick to ponder whether

or not he wanted 1o spend his professional life in a
chemical laboratory or in the field. He opted for 2
career outdoors, and transferred to geology at the
beginning of his senior year. Amazingly, Dick was
able to satisfy the undergraduate geology require-
ments in one year, and graduated, with honors, in
1935, at the end of his fourth year at Caltech.

Dick’s enthusiasm for his new profession was re-
flected by his decision to attend graduate school,
and on the basis of his record during his senior year
at Caltech and a strong recommendation from Ian
Campbell, Dick was admitted to the graduate geol-
ogy program at Northwestern University. Indeed the
response from Northwestern was SO positive that
Dick was included as a member in a research project
in South Park, Colorado, during the summer follow-
ing his graduation from Caltech.

At the end of the summer, Dick traveled to Evan-
ston and began work on a two-year program ...
to his MS degree. During his first year he mel a
fellow geology student, Max Willard, and thus began
a friendship that would last the remainder of their
lives. In 1936, after his first year at Northwestern,

Figure 1. Dick Jahns about 22 years old, with Caltech letterman's
sweater and his dog "Babe".
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Dick married Frances Hodapp, who he had met and
dated while a junior at Caltech. When Dick and
Frances returned to Evanston for Dick’s second year
they had trouble finding an apartment. Max and his
wife Violet invited the Jahns to share their apart-
ment, and Dick and Frances accepled. The fact that
the apartment had only one bedroom did not prove
to be a serious problem; one week the Jahns would
occupy the bedroom while the Willards slept on the
day bed in the living room; the next week their roles
would be reversed, This arrangement apparently
proved satisfactory, for both Dick and Max received
MS degrees in 1937. Dick's MS thesis subject was
the Precambrian rocks of South Park Colorado and
Tertiary intrusions of the Chalmers area.

During his second year at Northwestern, Dick took

and passed the U. S, Geological Survey’s (USGS)

application examination and was offered a position
in the Hydrology Branch. By the end of the academic
year, he received yet another offer from the Geologic
Division of the Survey; and alter receiving an accep-
tance letter from Caliech as a PhD candidate, Dick
went to work for the Survey for $1,800 per year.
Dick's offer from the USGS Geologic Division in-
dicated he would be assigned to the northern Rocky
Mountain states of Idaho, Montana and Wyoming,
and in anticipation of this new location, Frances and
he left Evanston for an extended visit with his [amily
in Seattle. Upon their arrival in Seattle, Dick re-
ceived a telegram [from the Survey telling him to
report for work in Nashua, New Hampshire. Dick
immediately left for New England; and after her visit
in Seattle, Frances returned to southern California.
At that point Dick and Frances made a major
decision; they were married and, field work not-
withstanding, they wanted to be together. So, despite
the Survey’s policy then of no wives in the field,
Frances traveled to New England to join Dick.
Apparently, the “no wives” policy was not rigidly
enforced, for Frances stayed on while Dick was in
New England. Once the precedent was set, Frances
went with Dick everywhere he was assigned, and in
the first 11 years of their marriage set up housekeep-
ing in 47 different places, sometimes in a tent.
Dick’s New Hampshire assignment consisted of
mapping granite quarries throughout New England,
and stimulated his mind to speculate on the origins
of granitic rocks, particularly pegmatites. Indeed,
the study of pegmatites was a major focus of his en-
deavors throughout his career.
In the [all of 1937 Dick and Frances returned to
Caltech, where Dick spent the next two years pur-

suing his PhD, and in 1939 they left Caltech to return
to full-time Survey work in New England. Al this
point Dick had completed his PhD course require-
ments but had not completed the thesis.

After the outbreak of World War II, Dick was as-
signed to the Survey's Strategic Minerals Program;
and for the duration of the war Dick and Frances
journeyed throughout the United States searching
for and evaluating mineral deposits for such things

-as mica, beryllium, and tantalum. It was during this

phase of his career that Dick first became exposed
to what many feel was his favorite state, New Mexico
(Figure 2).

During most of 1943 Dick found himsell again ai
Caltech, this time to prepare several strategic min-
erals reports for the Survey. In addition, with the
approval of both Caltech and the Survey, he also
completed his PhD dissertation, a comprehensive
study of the beryllium and tungsten deposits of the
Iron Mountain Mining District of New Mexico.

Following completion of his PhD, Dick was pro-
moted to USGS District Supervisor, and was pul in
charge of a group Survey project evaluating strate-
gic minerals in pegmatite deposits in the southeast-
ermn United States. Once again Dick and Frances
broke camp, and this time they headed for Ashville,
North Carolina. Dick remained on this project for
approximately three years and his effort was pub-
lished as USGS Professional Paper 248, Mica
Deposits of the Southeasiern Piedmont. Two of the
six chapters of this study were co-authored with
AEG Honorary Member Richard W. Lemke.

Dick and Frances made many friends in North
Carolina. One of the more memorable was his land-
lord, Captain John Hastings, who was a conductor
on the Southern Railroad. On numerous weekends
Dick and Captain Hastings would tour the Carolinas
via train, courtesy of the Southern.

Following the end of World War II, Dick decided
he would like to teach al the college level; and after
considering several offers, decided to return to his
Alma Mater, Caltech. Once again Dick and Frances
headed west, this time for a more longer-lived stay,
for they were to remain at Caltech for 14 years. Dick
rose rapidly through the academic ladder from As-
sistant Professor through Associate Professor to Full
Professor in three years (Figure 3). Also during this
period their iwo children, Alfred and Jeanette, were
born.

In addition 10 establishing a well-deserved repu-
tation as an outstanding teacher at Caltech, Dick
continued to do research on the origin of granites
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Figure 2. Porter [rwin, Frances Jahns, Lauren Wright and Dick Jahns at Harding Mine, New Mexico, 1943,

and pegmatites. His research was rewarded with the
publication of his chapter, “The Study of Peg-
matites,” in the Fiftieth Anniversary Volume of
Economic Geology. This paper remains perhaps the
most comprehensive single publication on pegma-
tites. Another formidible publication, The Geology
of Southern California, had been published as Bul-
letin 170 by the California Division of Mines the
previous year. Dick was editor of the volume and
personally contributed seven articles. Although now
out-ol-print, Bulletin 170 is still regarded as the
most comprehensive single source of information on
the geology of this region.

During his tenure at Caltech, Dick also began to
investigate the geologic causes of numerous prob-
lems besetting residential development in the Los
Angeles drea, and in 1958 his article, “Residential
Ills in the Heartbreak Hills of Southern California”
(reproduced herein), was published in the Caltech
alumni magazine. During the 1950°s Dick began o

work closely with Frederick Converse, a fellow
professor at Caltech and founder of the geotech-
nical consulting firm that still bears his name.
Together Dick and Fred began to integrate geology
and soils engineering knowledge to form much of
the foundation of today’s profession of engineering
geology. It was during this period that they met Bar-
ney Morris, a major builder of homes in the Los An-
geles ared. Barney Morris was interested in sound
grading practices and the safe development of hill-
side tracts, and he retained both Dick and Fred to
provide solid engineering and geologic input, The
relationship was productive 1o all three parties and
they became life-long friends. As an indication of
his Iriendship, before Mr. Morris® passing in 1985,
he endowed the Barney and Estelle Morris Chair in
Geology at Stanford.

Dick’s interest in the origins of granites and peg-
matites continued, and having formulated several
theories based on field evidence, he decided 10 test
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his theories in the laboratory (Figure 4). In the late
1950°s experimental work on high pressure-high
temperature silicate systems was being conducted in
only a few places. One of these was the Pennsylvania
State University (Penn State). In 1960 Dick and
Frances packed again, this time 1o leave Caltech and
venture into the wilds of central Pennsylvania. Dick
joined the Penn State faculty as Professor of Geol-
ogy and Chairman of the Division of Earth Scicnces
in the College of Mineral Indusiries. He also joined
an illustrious group of geologists and geochemists,
including C. Wayne Burnham, Arnull Muan, and O,
Frank Tuttle. Soon afterward, Lauren Wright ac-
cepted Dick’s request to leave California to join the
Penn State faculty,

At Penn State, Dick taught geology, conducted
experimental petrologic studies, published his find-
ings, and carried out administrative work related to
his chairmanship. In 1962 he was elected Dean of the
College of Mineral Industries by vole of the facully.

Figure 4. Dick Jahns at 40 years of age. "Would you buy a
gemstone from this man?" (Caltech photo).

His term as Dean was marked by the streamlining of
a formerly rigid, hierarchical structure in the Col-
lege, by the rapid promotion of diligent and effective
teachers, and by the construction of a third building
for the College of Mineral Industries.

During the time he was at Penn State, Dick re-
mained in close contact with his many friends in
California, and in 1965, at the behest of Fred Ter-
man and Wallace Sterling, accepted the position of
Dean of the School of Earth Sciences and a profes-
sorship in Geology at Stanford University. Once
again Dick and Frances packed and departed for
California, saying goodbye 10 the Pennsylvania
winters,

Stanford at that time had perhaps the best geology
laculty of any college in the United Slates. Indeed,
Dick was to join such luminaries as Konrad
Krauskopl, Charles Park, Evan Just, Robert Comp-
ton, Ben Page and Chester Longwell. However, Dick
observed that the School of Earth Sciences had two
problems, He described the first problem as “devel-
oping a reputation for the Department that is as good
as the faculty actually are,” for although the faculty
was excellent and the emphasis was on teaching, the
Department was essentially introspective and went
virtually unnoticed in University affairs. The second
problem involved the perenially low enrollment in
those Earth Science departments other than Ge-
ology, i.e., Mineral Engineering, Petroleum Engi-
neering, and Geophysics.

Dick tackled his new job with enthusiasm, and his
14-year tenure as Dean was marked by a blooming
of the School of Earth Sciences. Student enrollment,
both at graduate and undergraduate levels, increased
significantly. Two of the former “weak sisters” of
the School, Geophysics and Petroleum Engineering,
grew in terms of both faculty and student enrollment
to become outstanding departments on a nation-
wide level. A new department, Applied Earth Sci-
ences, was created by combining the fields of mineral
engineering, engineering geology, economic geol-
ogy and hydrology. In 1970 another of Dick’s goals
was achieved when the School of Earth Sciences
moved into a new building, the Ruth Wattis Mitchell
Building.

Dick taught several geology courses at Stanford,
but perhaps the best known was his course in engi-
neering geology. Enrollment for this course con-
sisted of both engineers and geologists. Dick divided
the class into teams, in which both disciplines were
represented, and then sent these teams into the field
to confront rea! problems. As he told each new class,
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“You fellows better learn to get along now, because
you are going to have Lo cooperate when you get out
in the real world." The seeds of mutual respect and
many lasting professional friendships were planted
in these classes (Figure 5).

Commensurate with his administrative dulies as
Dean, Dick continued to teach and lead field trips
to such diverse areas as the Pala pegmaltite district
near San Diego, the Auburn Dam site, the Death
Valley-Panamint Range area, and the Mother Lode
mineral belt. His academic duties also included act-
ing as adviser for 30 graduate students: 9 MS can-
didates and 21 PhD candidates. In 1983 he received
the Outstanding Teacher Award from Stanford
University's School of Earth Sciences. His other
professional and academic contributions to geology
resulted in his receiving the following honors: Hon-
orary Member, Association of Engineering Geolo-
gists, 1983; Ian Campbell Medalist of the American
Geological Institute, 1981; Public Service Award,
American Association of Petroleum Geologists, 1982;
Sigma Xi National Lecturer, 1968: Achievement
Award, American Federation of Mineralogical
Societies, 1972; Distinguished Alumnus Award,
Caliech, 1970; Welton ], and Maud L’ Anphere Crook
Professor, Stanford University.

Despite the limitations placed on his time by
teaching and administrative work, Dick managed o
find time to continue several facets of research.
These included field and laboratory work on granitic
rocks and pegmatites, seismic hazards, and ore
deposits. Each summer he spent several weeks doing
field mapping in New Mexico. His publication list
is formidable (q.v.), and he had materials organized
for several additional papers at the time of his death.
It is significant to note that Dick was not one o
capitalize on the work of his graduate students, but
instead chose to publish original work conducted by
himself.

Dick’s reputation al Stanford brought him to the

forefront of the applied geologic profession and as
a result he was asked Lo serve on various geotech-
nical committees and boards and to act in an advi-
sory capacity for several major projects. He partici-
pated in the training of astronauts and implementa-
tion of the NASA Apollo Program.

Dick belonged to at least 20 professional soci-
eties, which indicated his commitment (o profes-
sionalism:

American Association for the Advancement of
Science; American Association of Petroleum Geolo-
gists; American Association of University Profes-
sors; American Geophysical Union; American Insti-
tute of Mining, Metallurgical, and Petroleum Engi-
neers; American Institute of Professional Geologists
(Charter Member, 1963); Association of Engineer-
ing Geologists (Honorary Member, 1983); Branner
Geology Club of Southern California (President,
1958); California Academy of Science (President,
1978); Earthquake Engineering Rescarch Institute;
Geochemical Society; Geological Society of Amer-
ica (President, 1971); Geological Society of Wash-
inglon; International Association of Engineering
Geology (Steering Committee for establishing U.S.
National Group. 1980); Mineralogical Society of
America; Seismological Society of America; Sigma
Xi; and Tau Beta Pi (Figure 6).

Surprisingly, Dick found time (o do some consull-
ing work despite his other commitments. He was
involved with three California-based consulting firms
and worked closely with several independent con-
sultants. His consulting projects included the Diablo
Canyon Nuclear Power Plant, the proposed Auburn
Dam, the proposed LNG facility at Point Concep-
tion, and the Los Angeles Metro Rail Subway.

In 1979 Dick stepped down as Dean of the School
of Earth Sciences, but he continued to teach at Stan-
ford. He remained active in hi§ public service and
consulting work, and in his fundraising for the Uni-
versity.

During 1982, Dick began to experience serious
health problems and in December of that year under-
wenl major heart surgery. During 1983 he under-
went lwo additional operations. Despite these physi-
cal adversities, he remained surprisingly active. On
the last day of 1983 he passed away while home with
his family.

In 1986 Stanford Universily created the Richard
H. Jahns Fellowship in Field Geology. In 1988 the
Association of Engineering Geologists and the Engi-
neeering Geology Division of the Geological Soci-
ety of America jointly created the Richard H. Jahns
Distinguished Lectureship, in which funds will be
provided to a selected individual to present several
lectures annually, aimed at universitites that do not
provide programs in engineering geology.
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SIS [STETS

Figure 5. Stanford University Dean Richard H, Jahns was visibly moved when he noticed a giant blow-up of his photograph inserted
into the vacant center of a second-story sandstone wreath on the geology comer of the Quad. The photo was a birthday surprise for
Dick from some of his students in the Earth Sciences Department.
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Figure 6. Dr. and Mrs. Richard H. Jahns (at right) during Geological Society of Ameriea Annual Mecting, New Orleans, 1982, Others
left to right, Hollis Hedberg, Dr. and Mrs: K. B. Krauskopf, and John Rodgers. ( Photo courlesy of GSA)

INSIGHTS FROM COLLEAGUES AND FORMER STUDENTS

How Dick Jahns influenced his students and col-
leagues, and how they remember him, are recorded
by the following comments. More than a few [ormer
students have gone on 1o become successful engi-
neering geologists. These comments include remem-
brances from his early Caltech student days (1932-35
and 1937-39), from his service with the USGS
(1939-435), from his 14 years on the Caltech faculty
(1946-60), from his [enure al Penn State (1960-65),
and from some of his more recent proteges, co-
workers, and fellow consultants while he was al
Stanford University the last 18 years. Some com-
ments are humerous, some are serious, some are
poignant, but all are recollections that stand out from
each friend’s personal contact with Dick Jahns.

From Robert P. Sharp, Emeritus Chairman ol the
Division of Geological and Planetary Sciences, Cali-

fornia Institute of Technology: Dick and 1 were in
school together in the early 1930's at Caltech, bul
notinthe same class. I graduatedin 1934, he in 1935.
In his senior year at Caltech, Dick switched majors
from Chemistry to Geology. He had a lot of work to
make up, and only Dick would have atempted to do
S0 in one year. Instead of putting him in the regular
field course, the powers-t0-be assigned him to me to
help work on my master’s thesis, a mapping project
in the Soledad Basin.

We wenl mto the field nearly every weekend,
camping out one or two nights. At that time, Dick
was wooing Frances, subsequently his wife for 48
years, So, Dick would work all day in the ficld with
me, drive all the way back (o Alhambra in the
evening via Saugus, a long drive in those days, and
reappear at camp the next morning for another days’
work. This behavior testified to Dick's devotion to
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Frances, his ability to do without sleep, and his
endurance.

Dick's ability to do without sleep was pheno-
menal, but on occasions it caught up with him. On
our annual spring field trip with John Buwalda,
much travel by car was involved. On such Irips, Dick
was always asleep. we called him “Mylie,” short for
Mylodon, the Central and South America ground
sloth who hung, asleep, upside down on a tree limb.
When aroused, he’d take one swipe at his tormentor
and go back to sleep before he could make a second
pass.

Dick also consumed large quantities of food in
those days. So, we always said “Growing boys nced
lots of sleep and lots to eat,”

In the fall of 1935 when Dick was going olf to
Northwestern on a fine fellowship, 1 went down to
say goodbye to him at his grandfolk's place in Al-
hambra where he had been living. This was his last
night in town. What was he doing? Playing with
(prior to packing) his model railroad equipment!
Dick Jahns was such an engaging guy in part because
he was always a small boy at heart (Figure 7).

One of Dick’s favorite stories in which he was
caught off-guard involved the late John P. (JP)
Buwalda, Professor of Geology at Caltech: During
his undergraduate days, Dick and JP spent a day in

v “”*

i,

the field in San Pedro and were preparing to return
to Pasadena via the Inter-Urban “Red Car” Line in
the evening. Upon arriving at the station, they dis-
covered, much to their dismay, that all of the seats
on the two-car run were occupied, and they were
faced with the probability of having to stand during
much of the long trip across the Los Angeles Basin.

Sizing up the situation, JP told Dick, “I think I can
gel seats for us, if you've got the guts for it.” Al-
though not sure of the implication, Dick assured JP
that he was with him 100 percent. JP then entered the
second car and authoritatively requested everyone L0
move 10 the front car, as the second car was going
to be uncoupled and left at San Pedro. As both JP and
Dick were in field clothes, the passengers apparently
thought they were Inter-Urban employees, and with
much grumbling, everyone rose and moved into the
first car. Dick and JP then sat down in the recently
vacated second car and soon were underway for
Pasadena.

As the train rolled along, some of the people
standing in the front car noticed the second car was
still attached, and began to filter back inlo il. For the
most part, the new arrivals fixed JP and Dick with
hostile, menacing stares, and some began to whis-
per to one another. At this point JP leaned over to
Dick and murmured “This is where you might need
the guts.”

Figure 7. Caltech students placed sign on vintage GMC field car: "See the West with Jahns scenic tours.”
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Clay T. Smith, a fellow student of Dick's at Cal-
tech, writes: As you know, wherever Dick Jahns
wenl, waterbags or water balloons soon followed.
To the bestof my knowledge, I was the first intended
victim of a waterbag at Caltech. During the spring
of 1939, after the Department had occupied the new
geology buildings, I had been provided an office in
the basement of Mudd Hall. Dick appeared in the
doorway, and inviled me to go with him to Arms
Hall. Lamb that I was, being led to the slaughter, 1
hardly noticed that we went out the first-floor door
and crossed the courtyard, instead of taking the
second-floor catwalk, which also connected the
buildings. To this day, I don’t know what caused me
Lo stop (premonition, I guess) just as we were 10 pass
under the catwalk. In the instant that I stopped, a
moderate-sized waterbag splashed harmlessly at my
feel. I will say for Dick: he carried oul the deception
to the bitter end, and had I been properly “bagged,”
he would have certainly gotten wel from the splash.
Although he never confessed who his cohort was, 1
am prelty sure it was Bob Wallace, who, when we
arrived panting on the 2nd floor, was busily working
in his office, having seen and heard nothing,

Bob Wallace of the USGS writes: Who me—walter
bag Dick Jahns at Caltech in 19397 What an accom-
plishment it would have been to have pulled that off!
No, the truth probably is that I was on the second
level of a triple-crossing, water-bagging venture
concocted by Dick Jahns. He would have had a
cohort on the top level of the Mudd Building waler
bagging all below, including me on the catwalk of
the second floor.

I first met Dick at Northwestern University where
he already was a living legend—the brightest MS
candidale ever 10 be in the Geology Department, it
was said. Later at Caltech I was told that Dick had
taken all of his undergraduate geology requirements
in his senior year, making straight A's, while at the
same lime serving as president of the student body
and captain of the baseball and basketball teams.
Incredible, but that was Dick!

Back again at Caltech as a PhD candidate, Dick
organized both touch-football and basketball leams
in the Division of Geological Science and, il I re-
member correctly, Geology beat the Caltech varsity
basketball team on more than onc occasion.

Dick was among many of us who responded to
Chester Stock s charisma and, thus, carried out theses
in vertebrate paleontology. One generally wouldn’t
think of vertebrale paleontology as a proper back-

ground for a future in minerals, earthquake studies,
or engineering geology, but considering the carecrs
of Dick, Paul Henshaw, Art Drescher or Bob Hoy,
among others, it seems 1o have been a perfect choice.

AEG Honorary Member Richard W. Lemke writes:
I knew Dick as a close friend during approximately
the last 40 years of his life. In 1944 and 1945 we
worked together in the field in southeastern United
States mapping mica-bearing pegmatites at which
time he was in general charge of the program for the
USGS.

Space does not permil the recounting of the many
experiences and anecdotes that oceurred during that
interesting period. Dick’s brilliance in the field and
his unusual ability to convey that knowledge Lo his
co-workers, combined with his great personal warmth
and rare good humor, placed him in a most special
calegory. Al Limes though, his boundless energy
placed severe sirain on those who tried to follow
literally and [liguratively in his footsteps. T well
recall the 7 work-day weeks—the mapping on the
surface until it was too dark to see, followed then by
mapping underground for several more hours, and
finally, Dick’s look of mock indignation when we
groused because he wanted us to spend part of the
remaining night writing reports. It should be men-
tioned here that Dick’s plane table sheets and notes
were works of art, which required little or no addi-
tional work, whereas ours were sloppy and necessi-
tated long periods of purification.

Dick commonly approached things differently than
other people, For example, he always wore tennis
shoes in the weltest mines when the rest ol us were
slogging around in rubber boots. Also, some of his
gastronomical episodes left not only the natives of
the arca but his fellow workers awestruck. Who else
could down at one sitting an entire quart of ice cream
and ask for more? Who else, after meticulousy
cleaning the last shred of meat from his lobster,
would ask for all our lobster shells so that he also
could pick them clean, claiming that we had lefl 25
percent of the meal behind.
 Most of us remember that Dick was a great train
buff. He never was more happy than taking pictures
of some of the lastof the monster steam engines and
the long lines ol cars they pulled. This almost caused
our undoing one day. We were cruising along a
country road paralleling a railroad track in North
Carolina, when along came a big freight train going
in the same direction as we. Dick began gleefully
taking pictures, but soon stopped because he had to
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take them into the sun. Thereupon he commanded
me, as the driver of the vehicle, to cross the tracks
al the next crossing so that he would be taking the
pictures in the opposite direction. So I pressed the
aceelerator (o the floorboards and raced the train to
the crossing. It was as close to a tie as 1 ever want
to experience, As I wiped the sweat from my Lrem-
bling hands on the other side of the tracks, there was
Dick, with a look of real rapture, unconcernedly
snapping more pictures (Figure 8).

From William Muehlberger, University of Texas:
As we all know, Dick was a fantastic story teller.
Having spent the summers of 1948-1949 with Dick
and Frances in New England and parts of the sum-
mers of 1947 and 1953 in New Mexico camping and
working with Dick, I managed to hear many ol his
stories more than once. However, he embellished or
modilied the story so well with any retelling, that it
was almost impossible to recognize it until the arri-
val of the punch line.

I have been asked many times whether I had made
Dick a peanut butter sandwich without bread for his
field lunch—let me now tell my memory of it.

We spent two weeks camping in the summer of
1953 at an abandoned silver district south of Hills-
boro, New Mexico while we completed a geologic
map. Dick played a trick on me one day in the field
and I decided that there had to be a retaliation some-
day, somehow,

My chance came remarkably soon. The next day
Dick planned to map the Pennsylvanian units that
occupy a high, large, dry mountain above camp. As
usual, I made our lunches, and he carried his off
without bothering Lo see what I had made for him.
His entire lunch was a rectangular slab of peanut
butter in the shape of a sandwich. There was noth-
ing else in the bag. To top it off, he didn’t carry a
canteen that day! He was obviously thirsty all that
evening and when I asked him why, I got 4 growl-
“peanut butter sandwich.”

Figure 8. Dick Jalins (at right) and burro in Mojave Desert, California, 1960. (Caltech photo)
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Dick and Frances are the salt of the earth. Trav-
elling with them in their car across the continent with
all our summer needs, plus Babe, a full-size police
dog, in itself has a number of interesting tales. The
New England summers are among the highlights of
my life—ideal for the neophyte geologist—working
with a superb geologist and teacher, and living with
them and thus benefiting from the super food and
care that Frances lavished on us.

Dick and Frances had Sally and me over for dinner
before we were married, and gave Sally an evening
of marvelous hints about what life would be like as
a geologist’s wife. we look back on that evening as
being a key one in helping keep our marriage intact
during the times that ficld facilitics were far from
ideal for a wife and small, diapered children, while
the husband went off (o the field day aflter day. They
are super people!

As with all practical jokers, Dick occasionally
found himself a victim of somecone ¢lse’s efforts.
One time Dick wrote to a colleague (who prefers to
remain anenymous) and asked to borrow a geologic
map ol his field area, The sinister colleague wrote
back to Dick saying he was sending along the only
copy of his field map under separate cover, and
requesting Dick to be extremely careful with the
map, as it represented several field season’s work.
Dick’s correspondent then made up a bogus map
soaked it in glue, inserted it inlo a mailing tube, and
let it “set and cure” several days before mailing it.
Upon receiving the parcel, Dick, not surprisingly,
discovered he could not remove the map from the
mailing tube. Distraught with the thought of pos-
sibly damaging the results of several months work
by a close friend, Dick resigned himsell 1o the
laborious task of removing the mailing tube from the
map. This effort, as Dick recalled, chuckling, in-
volved several evenings spent literally peeling the
mailing tube apart, layer by layer, with an x-acto
knife.

Just weeks before his death, Jahns received a book
entitled Legends of Caltech, published by the Cal-
tech Alumni Association in 1983, Although he had
left Caltech in 1960, he was not forgotten, as the fol-
lowing excerpt proves:

“Getting Back at Dick Jahns”

Caltech had (still has) an honor system, governing
relationships between members of the Caltech com-

munity, including faculty and swudents. Arthur A.
Chodos, a member of Caltech’s proflessional staff,
reports that students were not the only pranksters in
the community. Dick Jahns, then professor of geol-
ogy, had acquired a reputation as a practical joker
early in his Caltech association. In addition he was
known (o be a skilled water bomber.

On one occasion, Jahns' students, anxious to “get
back” at their prof, detained him prior to Geology
Club in order to slow him down on his way from the
parking lot. During the 10 minutes of delay, the
students managed to remove the rear axle from
Jahns’ four-wheeldrive jeep station wagon and place
it on the bench in the geology clubroom, where it
greeted him upon his arrival. It was rumored that
Jahns drove home in front-wheel drive.

On another occasion, Jahns' exhaust pipe was
hooked via a hose 1o a bag of [lour on his rear sea,
while he sat in front in a blue suit. On yet another
occasion, the rear wheel of his jeep was jacked up
slightly, and a rope was wound around the wheel so
that when he started the jeep a large cardboard box
was dragged across the parking lot 1o impact the
front of the jeep.

Chodos says he is certain that there were other
such interactions, and that he is sure that Jahns gave
as good as he got.

The following tongue-in-cheek tribute 1o Dick
Jahns was writien by a Caltech student, or faculty
member, under his nom-de-plume. It appeared in
The Fumerole, the Caltech Geology Club maga-
zine, April 1951:

A Local Phenomenon
by Ali vir Hassoun
Professor or Biographical Geology,
University of Wadi-U-Wahnt, Arabia

A positively challenging phenomenon of tran-
scending importance to even the most casual ob-
scrver has long cxisted in the halls of Arms and
Mudd. A rare species of being has occasionally been
observed, and not one of the myriads of scientifi-
cally trained, reasonably alert, growing, young
American boys who co-exist in the same halls with
this phenomenon has attempted its scientific de-
scription and explanation,

This creature gives cloquent lestimony to the heights
of literary fancy one may go. It’s expressions are, no
doubt, culled from the ranks of those words in the
dictionary of over four syllables, which are com-
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bined into a veritable plethora of thought-provoking
sayings, designed merely to impress the very whey
out of the inept and inexperienced neophyte. Occa-
sionally, however, with deft but judicious motions,
it attempts to decisively overwhelm its audience
with fragments of colloquial English, which, when
translated, may be rendered thus:

AEEV - BIN - HAD,
EEOOR - AHL - THRU,
or
EEOOR - GAHN

It must be realized by now that the subject of
investigation is a veritable rainbow of passionalte
opinion on all topics of even the slightest trans-
cending importance. A bit of practical advice, how-
cver, to those contemplating serious work in this
field: If this species ever becomes cognizant of your
intentions, with catastrophic suddenness and shrewd
insight, it will make you the target for a veritable
plethora of synapse-stuttering, devilishly ingenious,
hatchet-edged remarks; and chuckling with fiend-
ish, hideous glee will lead you 10 a mental slaughter
of a type rarely experienced by ordinary mortals. It
can be a somewhat harrowing experience.

It will then, in sardonic voice and leer, crudely
attempt to sooth your wounded self-estimation with
the statement: “Your story has elements of tragedy,
while your idea has elements of merit.” It must now
be recognized that this species is remarkably char-
acterized by a disposition somewhat akin to a dis-
eased duodenum,

In this unrelenting battle for data, this investi-
gator admits only to a draw with this creature, in
spite of ghoulish laughter which is now undoubt-
edly emanating from decp in the wings. For what
chance does an ordinary mortal have against this
species, which this investigator has named Homo
sapiens Jahnsi.

Things remembered about Dick Jahns from Jo-
seph H. Birman, former student of Dick’s at Caltech,
since then a colleague in engineering geology: One
of the finest speakers I have ever heard. Stress and
liming; perfect enunciation; his phrases were almost
visible,

Humble without seeming to be. Respect lor and
willing to learn from persons of all stations. For him,
the expert was as likely 1o be unlettered as degree-
littered. For me, this Iesson on perspective has been
invaluable.

Love of people and society and giving to them
directly of his profession.

Wit and humor. Color. Enthusiasm. Acceptance
with wry amusement, and tolerant of life.

Superb teacher. One of the four best in my expe-
rience. We will miss him,

Ivo Lucchitta, USGS, Flagstaff, Arizona, was one
of Dick's students ‘at Penn State. Ivo penned the
following touching tribute which also appeared in
GSA's News and Information, April 1984:

Eulogies, memorials and tributes will no doubt be
wrilten by distinguished and important people re-
garding Richard Jahns’ many splendid achieve-
ments. What I would like to say springs [rom a
humbler perspective—that of a student, a perspective
that perhaps is sometimes neglected.

That Jahns was a brilliant scientist is unques-
tioned. That he believed in placing science at the
service of society is well known. That he was a
remarkable human being is legendary. But for many
of us, his former students, he was even more remark-
able in another and special way; he was an extraor-
dinary teacher, a true inspiration.

His classes invariably were lively, productive,
enjoyable, and different. In the early 1960's, I was
his teaching assistant for courses such as Structural
Geology and Field Methods. In that capacity, T not
only learned a great deal, but also got much feedback
from the students, who were uniformly fired up and
delighted by Jahns’ teaching. On occasion, I also had
to stand in for Dick’s lectures when he was away,
and it was then that I comprehended with stark
clarity, just how impossible it was to fill his shoes.
Yet, there was a role of his that was even more
important than that of teacher, and that is the role of
mentor. I shall illustrate from personal experience.

In the mid-and late 1950's, I found mysell as an
undergraduate at a tough and highly competitive
institute. Fresh from Europe, I was unaccustomed 10
American ways, [ was bewildered, I was alone.
Needing to support mysell, T found the academic
competition very heavy sailing indeed. My perform-
ance was anything but brilliant. It was Jahns who had
the generosity and the compassion to see beyond the
machine that performed well or indifferently, as the
case might be, to the struggling human being under-
neath. He encouraged me; he gave me strength and
the will to persevere; And 1 went on. Whether this
has been an immense boon to the profession remains
to be seen, but Dick did his part: subsequent Suc-
cesses and failures are my doing. This is my personal
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story, but it can be repeated again and again for other
students, many of whom stumbled at the start, were
encouraged by Dick, and went on to distinguished
careers.

In the early 1960’s there was a confraternity of
graduate students at Penn State who were shaped and
molded by two men: Dick Jahns and Paul Krynine.
Krynine taught us to think, to ask why; he gave us
perspective. Jahns gave us the tools of the trade, he
gave us joy in our work, and he gave us self-confi-
dence. So strong is the imprint, that this now-scat-
tered band of students can be instantly recognized by
those in the know. I have no doubt that the other
members of the band would join me in recognizing
this debt that can never be paid.

Vale, Dick. we shall miss you far more than you,
not an arrogant man, would have ever understood or
believed possible.

George Cleveland, formerly with the California
Division of Mines and Geology, recalls that while
Dick and he were mapping in a well-to-do neigh-
borhood along the crest of the Palos Verdes Hills,
two women from a nearby house approached them
and demanded to know whal they were doing. Dick,
as usual, was wearing a railroad engineer’s cap, and
noticing that the two women had recognized the
Union Pacific logo on the cap, replied that George
and he were putting the finishing touches on a new
railroad route that would connect San Pedro to Tor-
rance via the Palos Verdes Hills. The two women
became highly agitated when Dick went on (o point
out how convenient it would be for them to use the
new line, as it would pass within 500 ft of their
house, which overlooked the Pacific. Dick then
introduced George as Lhe parly in charge of picking
the site for the Palos Verdes Station. George, quick
on the uptake, pointed 10 a site where he said the new
Lwo-story station structure would be built (a struc-
ture at the indicated site would have completely
blocked the existing view of the ocean from the
woman's house). Al that point one of the women, on
the verge of hysteria, blurted out that she was going
to telephone her husband “who would see that no
train tracks or station will be built near our house
ever, ever, EVER!"

Dick, sensing that George and he had caused “the
maximum amount of grief in the shortest possible
time,” admitted that George and he were not with the
railroad, bul instead were geologists mapping the
Palos Verdes Hills. The women's anger was quickly
malched by their relief; and Dick and George were

allowed to proceed unharmed, but not without a
multering of verbal abuse. As they trudged away
from the irate women, George recalls that Dick
commented, “how seldom it was that one mel people
who could adjust to new situations gracefully.”

The tempo of Dick’s fun-loving escapades in-
creased when he visited the New Mexico Bureau of
Mines offices in Socorro. Dick most frequently vic-
timized his former college roommate and closest
friend, Max Willard. One day Dick arrived in So-
corro unbeknownst to Max, and linding Max’s office
open, but emply, prepared a surprise. He placed a
balloon inflated nearly to bursting with water in
Max’s desk drawer, pinching off the orifice by closing
the drawer. To ensure that Max would open the
drawer, all of Max's pens, pencils, and matches were
hidden. Dick then withdrew, and shortly thereafter
Max entered his office, sat down at his desk, and
began to look for a match to light his pipe. Max
opened the drawer and was immediately drenched
by a stream of water. Max sputiered and loudly
exclaimed, “Damn you, Dick Jahns!™ even though
he had not been told Dick was in town.

One of Dick’s favorite tricks, called the “pick-me-
up,” involved waiting until someone was comforta-
bly ensconced on the “throne™ in the men’s room.
Dick then would quietly reach in and turn off the
light switch, and roll a lit “cherry bomb™ into the
darkened room. Max Willard, victimized several
times by this ploy, remarked that it was a somewhat
harsh but effective cure for constipation.

Dick also was fond of “burglar alarms,” a device
that could be attached to a car engine, and when the
car was started, emitted a loud whistling noise, fol-
lowed by an explosion and a great cloud of blue
smoke. One of Dick’s favorite targets was Bob Bieber-
man, an easy-going, [riendly geologist for the New
Mexico Bureau. After several startling ignitions,
Bob caught on, and whenever he heard Dick in the
building, would immediately run out to the parking
lot and check under the hood of his car. He then
would return to the building and keep Dick’s where-
abouts known until the end of the work day, When
Dick became aware of Bieb's taclic, he began re-
cruiting other members of the Bureau staff to “fix
Bieb up.”

From Frank E. Kettlowski, Director, New Mexico
Burcau of Mines & Mineral Resources: Dick Jahns
was a legend in New Mexico and if one were 1o set
down all the personal anecdotes, it would require
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many pages. The practical and yet highly scientific
geologist, wearing his blue engineer's cap and 1ennis
shoes (even through yucca and cactus) worked in
Jjust about every part of New Mexico and influenced
most of the geologists that have been in the state.

Dick was a consulling editor for Holt, Rinehart
and Winston when they set up a geologic field
technigue series. This was in the middle 1950's and
Jjust about that time field geology went out of style
with everybody hurrying to the laboratory to ma-
nipulate numbers, Dick worked with me on my book
manuscript; the first draft came back with more
comments by him than the actual bulk of the draft’s
text! Some of Dick's comments (and all were de-
served) were in the earthy language that is common
in the village bar of Cuchillo. One in particular ran
something like “I know what you are trying to
describe, but even I cannot understand your
explanation—rewrite.” Needless 1o say, most of the
usefulness of the book was owed to Dick’s editing.

Onetime when Dick was visiting the Bureau office
in Socorro, Max Willard was foolish enough to go
out in the field in one of the Bureau field vehicles.
Max liked foreign cars and at that time had a small
but powerful Jaguar which he drove to work to pick
up the field vehicle. Some time during the day Dick,
along with Bill Muehlberger and other husky geo-
logists, picked up Max's Jaguar and placed it in the
flower bed which was rimmed by relatively high
curbs making it impossible to drive it oul of the
flower bed.

And then there are the serious moments. During
one of the New Mexico Geological Society field
trips in south-central New Mexico, Dick gave a talk
on the geology and mineral deposits of the Sierra
Cuchillo, another place where he had worked during
World War II and in subsequent years. His lucid
description of the complex geology and mineralogy
was 5o much appreciated by the [ield participants,
that they broke out in spontaneous applause upon the
completion of his talk. Dick was a person whose
shoes no one can fill.

Dick IJahns enjoyed a well-deserved reputation as
aquick-witted man with a sharp sense of humor. His
profuse vocabulary and his mastery of grammatical
syntax provided the foundation for his ability to
respond 1o seemingly innocuous comments with
clever quips.

The lale Jack McGill recalled being described by
Dick in an after dinner speech at an AEG banquet as
“so well adjusted, he drawls.” Typical of Dick Jahns

on greeting an old friend: “Someone told me that you
were a halfwil, but I stood up for you and told him
that's not true, you 're much more accomplished than
that.”

While working on a trenching and drilling pro-
gram in Los Angeles, Dick consistently referred 1o
one of the authors of this article as a “a real trench-
erman.” He felt flattered, as he thought the term re-
ferred to his proficiency in logging excavations.
Later he looked it up in the dictionary.

Bennie Troxel recalled several incidents that re-
flect his warmth, humor, and keen insight: At a party
at Dick’s house for the Los Angeles contingent of the
California Division of Mines and Geology, Dick
awarded a small specimen of Kunzite (from the Pala
District) to my wile, Betty, for being so tolerant of
my numerous absences to do field work. This was his
subtle way to chide the other wives at the party to
be more forgiving to their husbands who were re-
quired to do field work.

During some AEC hearings, I whispered a com-
ment to Dick about approaching 50 years of age, and
he immediately asked, “From which direction?”

During the same hearing, I made a comment to
Dick that T felt humble about giving testimony at the

hearing. His reply—"Bennie, you have a lot to be

humble about.”

Howard "Buzz" Spellman ol Converse Consult-
ants, recalls during his 1964 treks with Dick to the
Portuguese Bend landslide, Dick unlolded this true
story: A homeowner, living in a house just west of
the slide margin, faithfully reported slide movement
daily to the Los Angeles County officials. One day
he told the County “the slide has stopped.” It really
had not, because unbeknowst to the homeowner, the
slide had enlarged westward and his home was now
included and moving right along with the slide.

From Jack T. Eagen, Moore & Taber, Anaheim,
California: My association with Dick goes back to
1968 when we were working together on the Portu-
guese Bend landslide complex. As a [airly young
geologist, I listened when the “master” spoke. Some
of the most memorable times were those at lunch
break when we would sit out on the rocks at Portu-
guese Point and tell jokes, even to the point of
forgeiling that the tide had come in and we were
going 1o get wet. He had a great sense of humor, The
final treat of the day, and one I looked forward to
with great anticipation, after along hot day of mapping
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or down-hole logging of an auger hole, was a trip to
the local 7-11 store to indulge in a slurpy. I can
remember introducing Dick to this confectionary
treat and it became a source of many comments,
jokes and lively discussion. Dick’s usual greeting to
me (after a joke) was “what flavor do they have
today?”

Another of the things I remember so much about
Dick was his ability to squeeze every bit of geologic
information from you 10 use in the construction of
a detailed geologic cross scction. It was amazing
how many bits and pieces of information were at
one’s fingertip, but which had been overlooked or
shoved aside as not being important. Dick was a
master at drawing out the available bits of data and
then using them in an analysis.

I remember Dick for his humor, his gentlemanly
manner, his helpful and professional attitude.
(Author’s note: Dick always called Jack Eagen the
“Slurpy Kid").

From David Cummings, Leighton & Associates,
Irvine, California: Dick was quite generous in shar-
ing his time, knowledge, and experience with others,
Annually, he would come to Los Angeles from
Stanford University to give a one-hour lecture on
“The Future of Environmental Geology” 1o a class
of undergraduate, non-science majors at a small
liberal arts college. These lectures were given al a
time when environmental geology was in its embry-
onic stage. He used his personal set of 4x5-in. glass-
mounted lantern slides. Some of the slides had the
tape unravelling at the corners; other slides had one
or two sides bare where the tape had fallen off.
Trying to find a projector to show these slides was
almost impossible. I think he used these slides
purposely so that he could watch my frustration with
impish joy in 1) searching for a projector, and 2)
having located a projector, wrestling with the slides
in the wooden holder as he would bark “next.”

His breadth of knowledge, skills in communica-
tion and ever-present sense of humor were used
effectively with sophisticated and innovative geolo-
gists at simulations of lunar landings during the
carly Apollo program with the USGS. Dick was
keenly perceptive and able 10 quickly identify areas
for improving communications belween the astro-
naut and “Mission Control.”

Dick was present when and where new applica-
tions of geology emerged—whether engineering
geology, environmental geology or astrogeology.
Requests for his participation attest to his mastery

of geologic principles. He always had equal respect
for the wide range of people he met, whether they
were undergraduate non-science students or profes-
sional and seasoned geologists.

As Richard Proctor recalls: I first got to really
know Dick Jahns in 1960 when I visited his office
at Caliech. I went there to ask him o serve on a three-
member Board of Geotechnical Consultants for the
Metropolitan Water District of Southern California
(MWD). The MWD, where I worked at the time, had
just begun plans to build 52 mi of tunnels to distrib-
ute surplus northern California water into southern
California urban areas, The MWD Consulting Board
consisted of Dick Jahns, Thomas F. Thompson and
Vladimir P. “Walley” Pentegoff (Figure 9). All three
are now deceased. (For memorial to Vladimir P.
Pentegoff, see August, 1982, Association of Engi-
neering Geologists Bulletin).

During the period 196572, nine geotechnical re-
ports for proposed tunnels were prepared by those
three expert geologists. Their reports were then given
out with the Specifications to all major tunnel con-
tractors during the bidding period. The reports arc¢
masterpicces of clear writing and are some of the
first geotechnical reports to boldly give opinions of
anticipated conditions as well as present the factual
data. (Example report included herein).

Dick had a nickname for many people. [ was not
spared, and became known as the “Burrito Kid.” It
came about as follows: The MWD had a field ollice
in East Los Angeles where many of the Board meet-
ings were held between Dick, Tommy, Walley, and
two or three staff geologists and engineers. At 9:30
a.m. a horn would interrupt our meeting, signifying
that the lunch truck (“garbage scow™) was oulside 10
provide coffee-break refreshments for workers in
the general area. Dick would invariably choose a
gooey sweet roll, but my favorite was a chile relleno
burrito. (This is a large green chile stuffed with jack
cheese, dipped in egg batter, fried, then rolled in a
[lour tortilla—yum yum!)

Being an excellent and ardent field mapper, Dick
loved to get out into the field to really see things for
himself, Dick had been in good health most of his
life, but in the 1970's he had an ailment that took
several years to diagnose as a heart problem. The
symploms were tircdness, weakness and occasional
shortness of breath, In December 1982 he under-
went double bypass surgery. The operation was
apparently successful, as through most of 1983 Dick
reported feeling better. Thus it was a shock that he



146 BULLETIN OF THE ASSOCIATION OF ENGINEERING GEOLOGISTS

Figure 9. V. P. Pentegoff, R. H. Jahns, T. F. Thompson and R, J.

suddenly collapsed and died while watching a foot-
ball game at home with his family on New Years eve,
1983.

A glance at Dick’s bibliography will show he was
a prolific writer, even when in poor health during his
last several years. Our profession will miss the future
contributions that he surely would have made. John
Keats' words are apropos o the untimely passing of
Richard Jahns:

When I have fears that T may cease to be
Before my pen has gleaned my teaming brain.

Allan V. Cox, who succeeded Dick as Dean of the
School of Earth Sciences at Stanford University,
gave a culogy at a memorial service on January 4,
1984 at St. Denis Church, Palo Alto, California. His
culogy appeared in Geotimes, April 1984, From the
Stanford Observer, October 1984, Allan recalled a
formal function for Dean Jahns: “When 1 was a new
faculty member at Stanford, the first official func-
tion I attended was the Dean’s Tea, as it is euphem-

Procior viewing core. ( MWD Foothill Feeder Tunnel Project, 1970).

istically called. When a water bag dropped on the
assembling group, my reaction was one of surprise
that so little respect was shown to the dean. It turned
out, of course, that Dick was the water bagger—not
the water baggee.”

From Kar! Vonder Linden: As the editing and
prooling of this Biography draw to a close, I pause
to reflect on Dick Jahns. Since his death, I've thought
quite a bit about him.Yet, to describe the essence of
the man in writing is like trying to engrave the
Encyclopedia Britannica on the head of a pin; there
just isn’t room.

Dick's professional accomplishments, as attested
1o in these pages alone, are legion. Teacher, scien-
tist, administrator, counselor—all hats he wore with
distinction. Yet, a few things remain, so far, unsaid.

Dick was a man devoted 10 his family. Frances and
he shared 47 years as husband and wife; their devo-
tion to each other needs no further elucidation for
those who knew them. Their children are both now
grown; Alfred is an attorney and Jeanetie is a home-
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maker and mother of three. Yet, when I think of Al
and Jeanette, I see the two of them sitting on the floor
with Dick, who is explaining how to fix a broken toy
or is “helping™ them run an electric train.

Dick also was a man who had no hesitation 1o help
someone in an emergency. While 1 was a graduate
student at Stanford, my father died suddenly. As
Carol and I were hurriedly packing and gelting our
two small children ready for the trip to Pennsylva-
nia, Dick (Dean Jahns to us then) arrived at our apart-
ment. He helped entertain Gary and Joan while Carol
and I finished packing and then offered to drive us
to the airport. As we were leaving, he handed me a
sizeable personal check and said, “Here, just in case
you need it."”

I think all in all, the quality that made Dick unique
was this unselfish willingness to help other people;
not for personal gain or for some altruistic ideal, but
instead, because he genuinely liked people and cared
about them.

Memorial to Richard H. Jahns
By Richard Meechan and Douglas Hamilton
Earth Sciences Associates, Palo Alio,
California

(Reprinted with permission from: Bulletin of the
Seismological Society of America, Vol. 74, No. 5,
pp. 2057-2058, October 1984. The following photo,
Figure 10, is courtesy of Doug Hamilton.)

A few days after Christmas of 1982, Dick Jahns
lay in a Stanford University Hospital bed recover-
ing from a major coronary overhaul. Various tubes
and wires stuck out of his body; and Dick, having
emerged from anesthesia only hours before, was
presumably as uncomfortable as a man could possi-
bly be. His [riends and students, who usually sought
Dick's company to obtain advice on matiers of faculty
politics, nuclear safety, pegmatites, and the behav-
ior of their wives and colleagues, dropped by the
hospital to visit their mentor. It would be nice to tell
Dick a joke, cheer him up a little.

“These guys are real pros,” Jahns explained cheer-
fully to this revolving crowd of visitors. First, they
split you open from here to here,” he went on,
sweeping his hand from collarbone to abdomen,
explaining the complicated surgical procedure. Dick
admired the practical arts. 1t amazed him that he had
been unconscious for the last twenty-four hours.
According to his doctors, he had discoursed elo-
quently on a variety of subjects. This tickled Jahns;

he couldn't remember a thing, No one was surprised
to hear this, for Jahns was a master of rhetoric under
any circumstances.

Soon enough, the subject changed from surgery o
his vistors' problems and concerns. Dick listened,
nodded, questioned, encouraged, and endorsed. The
phone rang. Visitors stacked-up outside the door.
Dick Jahns was back in action.

Dick established himself as a first rate scientist
soon after his graduation from Caltech in 1935,
Affiliated with the USGS during the late 1930’s and
early 1940's, he worked on a variety of geological
subjects, including the New England Quaternary
and various ore deposits in the Southwest. During
the war, he developed an interest in pegmatites, and
as a professor at Caltech in the post-war years, went
on to establish himself as the world’s leading scien-
tist in this subject, Dick was able to combine sound,
scientific work with good teaching at Caltech, later
at Penn State, and finally at Stanford, where he
served as Dean of the School of Earth Sciences from
1965 1o 1979. Dick enjoyed the politics and style of
science as much as its logic and esthetics, and was
in his later career President of the Geological Soci-
ety of America and Chairman of California’s State
Seismic Safety Commission. A remarkably broad
collection of people sought Dick's leadership—less
for his authoritative direction, for he dispensed little
of that—-but because he was able to show them how
1o accomplish things and enjoy life at the same time.
He was a generous and fatherly man who stood apart
from the “me-ness” of modern times. He found
refuge from the extraordinary demands on his time
in places like the pegmatite gem mines of San Diego
County, where he savored both the unfolding veri-
fication of his petrologic theories and the compan-
ionship of old friends among the mine owners, or in
his basement, where he built himself a tiny world of
model railroads.

Dick spent much of his life on California college
campuses, and he was an alert observer and inter-
preter of fashion, intellectual and otherwise. His
view of the esthetics and purposes of science were
unabashedly and perhaps even pointedly old fash-
ioned. His lectures were full of Victorian elegance
and thunder and reminded his listeners how and why
geology had been invented in the first place.

Dick’s funeral filled a church on a sunny January
morning. It was a fine, traditional and honorable
occasion. No one would have enjoyed it more than
Dick.
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R. H. JAHNS' ENGINEERING GEOLOGY LAB PROBLEMS

AUTHOR'S NOTE

Dick Jahns was an imaginative teacher who felt
that although college courses, of necessity, had to
tax the brain, there was no reason that some humor
should not be thrown in. Perhaps this philosophy
was most apparent in a series of geologic problems
and maps he originated for his classes at Caltech,
Penn State, and Stanford.

Both authors were exposed to these malerials:
Vonder Linden as a student at Penn State and Stan-
ford, and Proctor as an Adjunct Professor at Caltech.
knowing of Jahns' reputation for devising clever and
interesting lab problems, Proctor asked Jahns if he
would mail him copies of several problems to help
oul a novice instructor. The following is part of
Jahns' reply, dated September 21, 19735:

Dear Richard,

Here's a miscellaneous bag for you, representing
what 1 have been able to dredge up in the way of
engineering geology problems, etc. The ones marked
* were for a course in which there are many non-
major undergraduates.

Enclosed also are some puzzle maps used lor vari-
ous geology classes, but you'll note that the same old
meanness runs throughout as a continuous thread!

Lotsa luck!
/sf Dick

The following geologic problems and maps exem-
plily Dick’s talent for presenting real world prob-
lems in a humorous manner. Some problems require
an essay answer (usually limited to two type-written
pages) while others require the completion of an
incomplete geologic map. We include these prob-
lems here to preserve them for posterity, to expose
other academicians to Dick's style of teaching, and
to enjoy, because they are just plain fun to work.

PROBLEM OF THE HILLEN
HILL RESERVOIR

(Figure 11)

The Occidental City Municipal Utilities District
(OCMUD) is confronted by an extraordinarily dif-
ficult situation. The soundness and safety of the
mighty Hillen Hill Reservoir has been questioned by
the State Overseers’ Board (SOB), and the serious-
ness of these questions has been underlined by public

urging for a thorough investigation by a consortium
of organizations including the Committee on Land
and Water (CLAW), General Landslide Underwrit-
ers' Board (GLUB), Committee for Regional Ad-
justing and Zoning of the Environment (CRAZE),
Conservation Office for the Undying Golden Hills
{(COUGH), and Committee on Regional Architec-
tural Planning (CRAP).

Hillen Hill is an elongate ridge that lies immedi-
ately west of the broad alluvial plain occupied by the
sprawling (and rapidly growing) metroplis of Occi-
dental City. Recognizing the urgent need for in-
creased capacity in the water distributing system,
the Utilities District built a new reservoir at what ap-
peared to be the most logical location. This reser-
voir, countersunk into the crestal part of Hillen Hill,
provides a good distributive head for the domestic
water system. Tied in with the huge system of the
State Natural Aqueous Facilities, Unlimited
(SNAFU), the reservoir has been in service for two
years without any evidence of special problems.

Unfortunately, this project was completed without
close consideration of geologic factors. Indeed, alt-
lention to the natural environment was conlined to
the surveying of topographic features and the testing
of materials encountered in the reservoir excavation.,
All, however, is not lost, for the Chief Engincer of
OCMUD, Roscoe “Cappy” Sitty, has succeeded in
obtaining some useful geologic information.

Tied in with the huge system of the State Natural
Aqueous Facilities, Unlimited (SNAFU), the reser-
voir has been in service for two years without any
evidence of special problems. But now has come a
spectrum of suggestions that the reservoir lies astride
a fault that may be active (or might be in the future),
that the facility could be endangered by large-scale
landsliding, and that possible future leakage from
the containment could cause difficulties in various
downslope arcas. Statements and rumors (o these
and other effects have become so widespread that the
public is understandably concerned over a structure
and body of water that in effect loom almost directly
over them.

In the library [iles of a nearby institution of higher
learning, the Occidental City College of Utilities,
Letters, and Technology (OCCULT), he has uncov-
ered a Master's Degree thesis by R. O. Tale entitled,
Petrography, Petrology, and Petrogeny of the Hillen
Hill Gabbro.
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Attempts are made 1o locate Dick Tate for direct
consultation, but it is discovered that he has joined
the Peace Corps and is now in Ghana. The pressure
of time, therefore, makes it necessary to rely solely
upon his map and upon those of his thesis des-
criptions that are pertinent to the current problem.
Among other things, he has noted that the gabbro (#
patlern on map) is a hard but much fractured rock,
that Occidental City lies on a piedmont of alluvial-
fan detritus, and that Hillen Hill is (or was, in pre-
reservoir limes) capped by gravels from which a
Pleistocene horse tooth was once recovered.

You are now called upon for useful analysis, con-
clusions, and advice. What can you contribute to-
ward solution of the problem through the inter-
pretation of Tate's geologic map? The reservoir can
be drained for your inspection if you wish, but none
of the natural materials would be thereby exposed
for your view. The original excavation was lined
with 6 in. of clayey silt, over which a 3-in. coating
of asphaltic concrete was placed as a protective skin,
A layer of sand 8 in. thick was placed over the
reservoir floor before the clayey lining was installed.

What are the geologic problems, if any? Is the res-
ervoir safe as designed and built? If not, what might
be done to insure reasonable salety? Or would il be
more proper either 1o tear oul the existing structure
and begin anew, or to convert il into sunken lennis
courts?

Your analysis and conclusions, based upon the
usual geologic-engineering team approach, will be
much appreciated by all concerned.

Howe-Jahns-Blewett, Consultants

DAMSITE IN THE CORONARY
CANYON AREA
(Figure 12)

The Northeast Division of the mighty Bayshore
Tissue and Towel Company has opted for the con-
struction of an enormous new plant on Lorna Dunc
Beach, in Alkaloid County. A port facility will be
constructed for shipping via the A. B. Sea, and good
rail transportation is already available on the Tide-
water Branch of the Occidental Outbound. Vast
quantities of fresh water will be required for the
plant, but this appears to be no problem because two
substantial streams are present in the area.

Yet a water problem does exist, for it will be nec-
essary o establish a large reservoir reasonably near
the plant in order to ensure a continuingly reliabie

supply. Approximately 10,000 acre-ft is the estimate
minimum capacity. Where should the dam be built,
and what should be its general design?

These questions have become somewhal pressing,
as word of the Company’s plans has been getling
around. Already the Society for Preservation of Ani-
mals and Men (SPAM) and the Sociely of Prevention
of Acts, Schemes and Thoughts Inimical or Contrary
to Safety (SPASTICS) have expressed interest in
what Bayshore intends to do 1o the local scene.
Granting that the entire project will be appropriately
monitored by the State Civil Advisory Board (SCAB),
oftenreferred to as the “Board of Old Men" (BOOM),
and by the State Water and Air Pollution Engineer-
ing Management (SWAPEM), it would be well to
have sound answers to questions of design, safety,
and pollution before such questions are raised by
other groups! Too, there is promise of pressure from
the Committee for Repulsion of Urban Development
(CRUD), and of counter-pressure, from the Anti
Conservationists Union Union (aCUu). Altogether,
this is a disagreeable prospect for confusion and
cross-currents unless plans are matured at an early
date.

The area is characterized by marked local topo-
graphic contrasts, and it is underlain by a thick
section of sedimentary rocks that have been consid-
erably deformed. Various kinds of surficial deposits
also are present. Following a reconnaissance of the
ground, the engineering staff of the Tissue and Towel
Company have recommended [ive localities for
special consideration as damsites, four of them in
Coronary Canyon (Table 1). They were accompa-
nied on their tour of inspection by Rob N. Scoldem
(AB in practical science, Weybeloe Normal; MS in
geology, Pisme Tech), who prepared a preliminary
geologic map.

According to Scoldem’s notes, Locality A is char-
aclerized by sandstone, conglomerate, shale, and
talus; Locality C by sandstone, conglomerale, shale,
and talus; Locality D by a carbonate rock and talus;
and Locality E, where the canyon is highly asymmet-
ric incross-profile, by conglomerate and much talus;
further notes are not available, except that sinkholes
are abundant in the westerly part of the Ah Wilder-
ness Refuge Area and that jasper of gem quality
occurs in conglomerate al Pratt Falls and Snarling
Rapids.

Unflortunately Geologist Scoldem is no longer
available for consultation, as he was buried by a
large landslide while examining the terrain immedi-
ately cast of the Sabriskic zeolile diggings. His field
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Table 1. Damsite localities.

Elevation Depth of
at Stream Canyon
Locality (f) (f1)
A. Coronary Canyon, approximately 193 318
2,000 ft upstream from Loma
Dune Beach.
B. Coronary Canyon at Praut Falls, 246 215
1,250 ft south of east end of
Flake Lake (where stream cuts
through Coxcomb Ridge).
C. Coronary Canyon at Snarling 504 145
Rapids, 2,250 [t south of west
end of Flake Lake.
D. Coronary Canyon at Coiling 590 52
west of northwest comer of
Fratricide State Park.
E. East end of Flake Lake. 49 138

map and some of his notes were recovered, but he
has not yet been found, poor beggar!

And so, you see, we must make do under the pres-
sure of time. We must rough out the geologic rela-
tionships in the area, and combine them with engi-
neering interpretations toward the selection of a
suitable damsite and design of a dam. Any assump-
tions are acceptable, so long as they are compatible
with information already al hand.

By the way, would you recommend that the new
plant be constructed northwest or southeast of Never
Ever Point? Why?

THE RADIATING RESERVOIRS AREA
(Figure 13)

Vapid Valley is a lush and broad, nearly flat-
floored depression that is surrounded, horse-shoe-
like, by very high ground. It is in part underiain at
considerable depths by a great thickness of saline
deposits, as determined from wells drilled in search
of irrigation water. The valley floor requires much
irrigation for the vast plantings of the Purity Pit,
Peel, Pulp, and Puree Company (known widely as
*SP"), as the region is semi-arid; but the necessary
water is derived from surface runoff stored in reser-
voirs that essentially ring the valley. Other major
activities in the region include the epsomite opera-

tions of the Cathartic Crystals Corporation at Salt
Cake Lake, northwest of Vapid Valley, and the
enormous quarrying and processing complex of “Big
G,” the Giant Granite, Grit, Grout, Grus, Gravel, and
Granule Corporation at the soputheast corner of the
valley.

Big G and SP have agreed to form a holding
company for purposes of further developing the
local resources in a more effective and integrated
manner. Whether such development emphasizes
surface or subsurface activities will depend heavily
upon available water, and the key question is whether
the present surface storage capacity can be approxi-
mately doubled. An early judgment of feasibility is
required, as the preliminary planning must be soon
cleared with the Council for Land and Water (CLAW),
the Committee for Rural and Urban Management
(CRUM), the State Commission [or Atmospheric
Balance (SCAB), and the Western Agriculture
Regional Tribunal (WART). Analysis by RETCH,
Reviewers for Energy, Travel, and Commercial Haz-
ards, comes later on.

You are approached on this problem, with ques-
tions that include:

1. Assuming an adequate overall supply of surface
runoff in the region, can surface storage capacity
for such runoff be at least doubled?

2. How might this best be done, and at what site or
sites?

3. What kind or kinds of designs would you regard
as feasible?

The objectives are fairly clear, but obviously there
is'a basic need for technical guidance. And the time
frame is so pressing that field studies at this stage are
out of the question. The only available input, aside
from company data on land ownership and produc-
tion, is a partially completed geologic map prepared
by Rollin Stone and Seymour Sparks on the basis of
numerous hiking trips in the area.

Stone and Sparks are two bright, energetic young
men with strong interests in spelunking and mineral
collecting, Their formal training in geology has been
thus far limited to one course at Weybeloe Normal,
whence they recently transferred to Big Red Col-
lege. Unfortunately they are now taking courses al
Stanford-in-Iran and hence cannot be elfectively
contacted for this phase of the investigation. So you
are on your own here on the local scene. Lotsa luck!
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POWER PLANT SITING AT MULTIPLE MESA
(Figure 14)

Population explosion in the Greater Prismville
area has elicited worldwide attention as an extraor-
dinarily challenging lesson in demography. Growth
from a sleepy little village on the Occidental Out-
bound Railroad to a small megalopolis has taken but
hall a century, but in retrospect this was an inevi-
table result of three essentially simultancous
discoveries—the almost unique qualities of Bitter
River water as a constituent of certain bottled goods
with high commercial value, vast deposits of zanad-
rium phosphate on the castern part of the extensive
Migraine Plain, and an equable climalte very attrac-
tive for crowded suburban living. So people came in
an ever-increasing stream; the Prismville Chamber
of Commerce (PCC) long since has learned 1o relax,
whereas the City College (PCCx) and Citizens’
Council (PCCo) have had their hands increasingly
full, so to speak.

Now a power crises looms. Hydroelectric capacity
in the region has been fully developed for three
decades, and air pollution from fossil-fuel plants has
reached maximum tolerable levels. A nuclear power
plant seems to be the most feasible route toward
resolution of the demand problem, and the AEC has
agreed 10 cooperate in such a project. Bul a suitable
site must be chosen for the plant, probably in the
Multiple Mesa area some miles west of the popula-
tion center. The Prismville Heat, Electricity, and
Water Company (PHEW) has selected three prime
possibilities, designated A, B, and C on the accom-
panying map. This map, taken from company files
represents the reconnaissance work of Y. Knott Testit,
an able geologist who was trained in the Inner Insti-
tute of the State Technological Miniversity. Unfor-
tunately Testit is not available for consultation, as he
disappeared forty years ago in a blast at the Boozer
Brothers Basalt quarry.

Can you give PHEW and the AEC a hand al this
time of crisis? Very careful geologic and engineer-
ing studies will be made before a plant is built at any
site, but in the meantime there is need for tentative
selection of one site (presumably A, B, or C) so that
preliminary design of many project elements can be
considered. Please complete Testil's map, interpret
the geology of the area, and indicate your choice ol
site. Reasons lor this choice should be indicated.

THE ROLLICKING ROCKS AREA
(Figure 13)

Mr. Ariel Travers, Superintendent of the Long Di-
vision of the busy Orofino Eastern Railway, is an
outdoors-type man whose chief hobby is cartogra-
phy. A competent engineer and an excellent ob-
server, he has made maps of the entire region served
by the railway for which he works. He once partici-
pated in a geology course at the Leland Stanford
Junior Universily, and this briel contact with the
earth sciences left him with an almost incandescent
enthusiasm for adding all sorts of geologic data to
his maps. Rarely does he understand the full mean-
ing of the rocks, faults, and other natural features
that he sees, but he does delineate them carefully and
well.

This remarkable man has been fascinated by the
geologic complexities of the Rollicking Rocks area,
so called by railway trainmen because of rapid
movement of coarse granules and rock fragments
across the tracks during violent windstorms that
originale in the lofty Abscess Range, about 60 mi
cast of Salt Cake Lake. During the year 1952, Mr,
Travers prepared the map that is reproduced for you
on a separale page. He did an outstanding job of
gathering and plotting data, but you probably will
agree that most of these data need interpretation that
he was unable to furnish.

The Travers map has now become a highly signifi-
cant document, for the Pacific Institute for Manage-
ment of Population, Land, and Ecology (PIMPLE)
is pushing hard for legislation that would set aside,
as a wilderness area, all property outside the railroad
right of way. This pressure is strongly opposed by
the Mining Operations, Resources, Business, and In-
dustrial Development Sector (MORBIDS), and by
the Board for Research and Action on Tunnels, Wa-
terways, Urban Residential Sites, and Traffic
(BRATWURST).

Plimpton B. (“Hurry”) Kane, Chairman of the
Governor’s Rural and Urban Management Program
(GRUMP), has wisely suggested that firm action on
the matter should be deferred until the area can be
appraised in terms of its geology, physical situa-
tion, and natural resources. To fortify his position,
he has noted that the area is receiving atiention on
the following fronts:
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I. The Garg Oil Company has completed seismic ex-
ploration of Migraine Plain and the area to the
southwest, and is now preparing to drill two ex-
ploratory wells.

. The Little Stinker Corporation is planning a major
extension of its present mining operations south-
east of Devil's Bevel Hot Springs, in order to
meet increased demands for its product in the
metropolitan area of East Toxic, about 50 mi to
the south.

3. The Homestead Electric Power Company (HEP-
CO) intends to site and construct a nuclear power
plant somewhere in the area within the coming
decade.

o]

You and the Travers map are now brought to-
gether for preliminary consultation. For geologic
openers;

I. Please translate Mr. Travers’ cartographic prod-
uct into a more truly geologic map, adding con-
tacts, faults, and fold axes where necessary.

2. Prepare a simplified columnar section for the
area, showing the various rock units and all un-
conformities in their respective temporal posi-
tions.

3. Outline the sequence of events implied on the map
and in your geologic column.

4. Kindly add direction and approximate degree of
dip to the strike symbols at localitics A, B, C, D,
E, F, and G.

5. Where is the major fault in the area? Has its
movement been mainly dip slip or strike slip?
Give reasons, please, for your judgements.

6. What, probably, is the source of the sand in
Gloomy Dune State Park?

Responses 1o these and other pertinent items of
interest should be incorporated into a brief but rea-
sonably complete geologic-engineering report that
is addressed primarily to the following questions:

1. Where could the two exploratory wells best be
drilled? What kind of geologic section would
each penetrate?

2. What kind of mining operation would best serve
the needs of the Little Stinker Corporation?

3. Would it be practical to develop a recreational
facility at the margin of Salt Cake Lake? For what
purpose or purposes?

4. Can you identify one or more feasible sites for
nuclear power generation? If so, where?

5. Assuming a need for substantial volumes of water
(e.g., for power plant cooling), where might dam-
reservoir facilities be installed? What general
kind (or kinds) of dam would you recomend, and
why?

THE MORDANT MOUNTAIN AREA
(Figure 16)

The doughty little Cloudburst and Western Rail-
road was originally conceived in 1895 as a sight-
seeing line. As such, it was constructed southward
from Toxy City, a thriving community in the Ver-
dant Virago Valley, to reach Saul's Falls, a specta-
cular cascade of the Raging Mad River over a resis-
tant section of Devonian jasperoidal quartzite. In
1899 a short exiension permitted the opening of a
quarry by the Blackbird Blackboard Company, and
the railroad further thrived after metalliferous de-
posits were discovered on Kitchen and Mordant
Mountains in the lofty Mildew Range. Access to the
subsequently developed mines from railhead in lower
Raging Mad Canyon was established by means of
burro trails and aerial tramways.

The year of decision for the short-line carrier was
1907, when its role was fundamentally changed. It
was pushed southeastward across across the Mil-
dew Range and the rugged country beyond to con-
nect with the mighty Ten Central Railway at Mega-
ville, a move designed for lucrative bridge traffic in
merchandise and perishables. Unfavorable topogra-
phy made the new construction an awesome and
terribly expensive task, but Chiel Engincer Mac-
Adam Rhodes and the consulting firm of Battle,
Wynn, and Crowe were equal to the challenge. Special
difficulties were overcome in excavating for bridge
footings in the main canyon, and the boring of
Tunnel No. 12 through thick-bedded dolomitic marble
wasrepeatedly interrupted by the fall of large blocks.
Fortunately, Tunnel No.l1 penetrated a section of
finely crystalline limestone that was more easily
handled. Heavy blasting was required for cuts through
a well-cemented pebble conglomerate in contact
with this limestone, but phosphatic shale in Goodnight
Gulch was readily removed by means of the crude
power equipment then available,

Construction of Devil's Funnel tunnel through the
backbone of Mordant Mountain was a saga in itself.
The west portal cut, at the head of Funnel Gulch, was
excavated in loose talus comprising blocks of grano-
diorite and boulder conglomerate containing beau-
tifully preserved Devonian corals, and the work was
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temporarily halted by militant paleontologists who
wished to make suitable collections for museums
before the locality was despoiled. When this prob-
lem was resolved so that underground work could be
started, other problems soon took its place. Al-
though the hard-rock excavation went reasonably
well, numerous large inflows of water were ex-
tremely troublesome. Moreover, it soon became
evident that the advancing bore was draining a con-
siderable body of overlying ground, as many springs
and seeps on the mountain began 1o dry up. This
prompted an injunction on behalf of Ryder, Roper,
Tye, Knott, and Brandt, a large corporation with
extensive sheep-grazing rights in the area (and
incidentally a contributor to the railroad’s traffic!).
After a costly settlement was negotialed, it required
nearly three years to hole the tunnel through at the
cast portal, as the last 1,360 ft was driven through
severely heavy, broken, and caving ground. This
parl of the bore was lined with redwood timber, later
replaced by reinforced concrele.

The subsequent chapters of the little railroad’s
history tell a mixed story. Trallic has had its ups and
downs, but the overall density has been reasonably
good. Operaling headaches, however, have been
repeatedly encountered, and at times in over-lapping
fashion. Mountain country with grades of 3.1 Lo as
much as 4.9 percent translates into high levels of
expense in getting trains over the road. In addition,
both maintenance and contingency funds have been
blotted up again and again by the effects of floods,
slides, and rockfalls. And, most vexing of all, the
rails and other steel in Devil’s Funnel tunnel have
corroded at almost unbelievable rales. Replacemenl
has been necessary at intervals of only a few years.

In1967 the Cloudburst and Western assigned Sey-
mour Slopes and Cutter Close, two promising young
men from the Engineering Department, to an inves-
tigation of the corrosion problem. Having both taken
courses in chemistry, metallurgy, and engineering
geologyat Weybeloe Normal, they were betler quali-
fied than any of their colleagues for this task. And
they came through with some exciting results. With
characteristic engineering accuracy, they made a
reconnaissance geologic map of the Mordant Moun-
lain area, pain-stakingly plotting the distribulion
and attitude of contrasting rock types. They did not
understand the geologic significance of everything
they saw, but they were careful and accurate observ-
ers. More than this, they recognized that the corro-

sion in the big tunnel was due to acid waters derived
from disseminated sulfides in the overlying rocks.
Indeed, their field notes included the suggestion that
these sulfides might well constitute a vast low-grade
copper deposit!

The railroad management has since followed up
on the economically-oriented suggestion made by
Slopes and Close, and has engaged the services of
Dr. Gabriel Grabenhorst to appraise the possibilities
of a large-scale commercial operation. Armed with
the reconnaissance geologic map, the good doctor
has made preliminary studies and already has reached
a conclusion that the copper deposit can be worked
by in-place leaching, an efficient method that would
involve little environmental aggression. Here is an
attraclive opportunity for the railroad to diversify, 1o
prosper, and to solve one of its long-term mainte-
nance problems! A feasibility study is dictated by
the information at hand, but unfortunately this must
be conducted in the absence of Slopes, Close, and
Grabenhorst, who only yesterday were involved in
a tragic collision between their track speeder and the
aflernoon downbound manifest freight train in Tun-
nel No. 11.

One essential for a sound leaching operation is a
reliable supply of water. This is judged to involve
surface capacity in the form of one or more reser-
voirs, preferably in the Mordant Mountain area. The
desired capacity is at least 10,000 acre-f1. Can you
lend a hand with this problem? Is there a suitable site
for adam and reservoir in the area? Or perhaps more
than one? Would you please serve the Cloudburst
and Western (and your instructor) by submitting a
succincl preliminary report that includes:

1. Selection of the most feasible site(s), or rejection
of all possible sites.

2. Evaluation of the site(s), and perhaps alternative
ones, in terms of major geologic and engineering
conditions and faclors.

3. Recommendations for further exploration.

4. General recommendations for design of the dam
or dams.

5. Brief comments on means for transferring the
water from reservoir’s storage (o the leaching
sites, and for collection of the leach waters.

Planning Section
Cloudburst and Western Railroad, and
Howe-Jahns Blewett, Consultants
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HEARTBREAK HOUSE
(Figure 17)

A certain five-bedroom home in the San Francisco
Bay region is under extreme structural distress, and
areasonable projection of its four-year history would
seem to indicate ultimate self-destruction. The un-
happy owners, Stead E. and Lotta Noyes, report that
a few small and relatively inconsequential “con-
struction cracks” appeared soon after the family
moved into their new abode, and that these cracks
were limited to the usual locations, i.e., interior and
exterior walls at and near the corners of doors and/
or window openings. Mr. Noyes quickly arranged
for cosmetic repairs through the cooperation of Royal
Schafft, general manager for the original builders,
the Yuletide Engineering, Contracting, Construc-
tion, and Home-building people (YECCH), and the
annoyance seemed to have been eliminated. But
more than mere annoyance lay ahead.

Two years ago, during the end stages of an unu-
sually wet winter season, near-verlical cracks began

Pult-apart, 14"

=

1o appear along the lower parts of longitudinal walls
adjacent 1o one end of the house. Transverse walls
were essentially unaffected, but within a nine-month
period additional cracks were progressively devel-
oped in the longitudinal walls until approximately
one-half of the total structure was thus affected.
During the past year or so, the weather has been
exceptionally dry, and few new cracks have ap-
peared; instead, each of the existing cracks has
propagated upward {o ceiling levels, in general with
an irregularly curving trend as shown diagram-
matically on the accompanying sketch. Most of the
cracks now open progressively upward, and in their
upper reaches some form 1/2- to l-in. gaps in the
wall surfaces. The distraught owners report that, for
the past two years, their house has been extremely
noisy, with numerous dull thumps and sharp pops
from walls, floors, and ceilings. These repeated
audio expressions of structural movements have
interrupted family activities, including conversation
and sleep, and they have contributed to elevated
levels of personal uneasiness.
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162 BULLETIN OF THE ASSOCIATION OF ENGINEERING GEOLOGISTS

Months ago, when Mr. Noyes discovered that
many windows in the house could not be opened and
closed, and when he found that several doors re-
quired shortening and rehanging to remain func-
tional, he appealed for advice and help from the City
Engineer and the local branch of the Joint Emer-
gency Response Commission (JERC). The City
Engineer was not available for comment, as he was
on leave while appraising a large active landslide on
which his own home had been built, but JERC
referred Mr. Noyes o several soils engineering firms
fortechnical assistance. Such assistance subsequently
was provided by Penultimate Eclecteric Soil Testing
Service (PESTS) 1n the form of a foundation study
that inciuded the boring of five test holes along one
side of the house. Two months and several thousand
dollars later, Mr. and Mrs. Noyes were informed that
1) their house is resting on expansive soils, 2) its
foundation structure is inadequate for purposes of
stability, and 3) itshould be razed and rebuilt on new
foundations if the site is o be suitable for future
residential use.

Now poor Mr. Noyes appeals to you. We can agree
that he has been had, but how, why, and by what or
whom? To what circumstances can his difficulties
be attributed? What actually has been happening?
The foundation structure comprises a perimeter
curtain wall of reinforced concrete extending 20 in.
below grade, and interior supports, on 8—ft centers,
of short 4 by 4 [ir members resting vertically on
concrete caissons that extend 30 in. below grade. Is
this combination adequate, and if not, why not?
Finally, what options are open to him, assuming that
his ‘house is not yet so severely deformed that it
cannol be restored to satisfactory levels of appear-
ance and utility even if fundamental problems are
resolved?

PROBLEM MAPS
(Figures 18 and 19)

The probiem maps are artificial geologic maps de-
signed to teach and to reinforce some of the prin-
ciples of field geology. They are intermediate be-
tween actual field mapping on the one hand and
published map study on the other.

They are like field mapping in that you are given
outcrops and other field data and are required to fill
in the contacts and other symbols and to deduce the
geologic history. They differ from it in that they
present no problems of identification or correlation
of units: the same map patlern always represents the
same rock unit wherever it occurs on the map. The

patterns are the standard lithologic symbols used in
columnar sections, or obvious variants of them.
These maps are like actual field mapping in another
important respect: they are commonly open to more
than one possible interpretation. This means you
will often, as in real life, have to be flexible and to
rely on geological probabilities.

The best procedure is first to reconnoiter the map,
getting an idca of the topography (from clues such
as geographic features, place names, railroad align-
ments, and the law of V's of inclined strata), filling
in contacts in easy areas, looking for evidence (such
as unconformities ) bearing on them stratigraphic se-
guence, and starting to build up pieces of the geo-
logic column and history, Then proceed to the harder
areas, trying to form a picture of the structure and
o connect up the stratigraphy and history, Finally,
decide on the pros and cons of the alternative hy-
potheses for the problem areas, and complete the
history, giving the evidence and alternatives and
your preferred choice in the tricky parts.

Each finished map, and its associated schematic
columnar section and geologic history, and answers
to any specilic questions are due at the end of the
hour in which they are discussed in class.

HYDROLOGY LAB PROBLEMS
Geologic Map of New Jersey
(Ask Librarian for Copy)

Locaté the Raritan (or Magothy-Raritan Forma-
tion) of the Coastal Plain of New Jersey (Cretaceous
Age).

I. 1. Which functioning equation would you use if
you wanted to determine the ultimate or long
range response to a new well supply from
this formation in the city of Camden?

2. Which functioning equation would you use to
determine the short-range response to a well
supply from this formation in the city of
Camden?

I1.1. The Magothy-Raritan Formation has some
good sands in il. Assume Lypical values are
K=1,000 gal/day ft?

T=150,000 gal/day ft at a given locale.
2. How thick would the aquifer be?
3. What formation underlies it?
a) Would this be an aquifer or aquiclude as
compared with the Magothy Raritan?
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b) What would you guess its storage and
transmission properties might be?

¢) Take a stab at a coefficient of storage
and a T. Why?

4. What formation overlies the Magothy-Rari-

tan?

a) Would this be an aquifer or aquiclude?

b) Take a stab at a K and a T. Why?

ITI1.1. In modeling the aquifer, what geometry

would you use?

2. Is the aquifer artesian or unconfined at
a) Camden?
b) Haddonfield or Moorestown?
c) How would these affect T and the

solution of the equation?

3. What sort of S would you expect from a
pumping test at
a) Camden?
b) Haddonfield or Moorestown?
c) Why?

IV. What boundary conditions would you place
on this aquifer?
a) In the outcrop area?
b) At Raritan and Delaware Bays?
¢) Down Dip?
d) At the top and bottom of the
aquifer?

V.1. Why would salt-water intrusion be a problem
in this area?

2. A well mear Delaware Bay in the vicinity of
Salem pumps 1.5 mgd. The salinity of the
waler is rising. What remedics would you
propose?

3. Wells down dip near Hammonton are perhaps
salinity problem although they are inland.
What might be the source of this saline
water?

LECTURE NOTES ON AGE DATING OF
QUATERNARY FEATURES AND
MATERIALS
(March 1970)

The following notes relate to several of the meth-
ods that have been used for determining “absolute™
ages. Whether radiometric or not, all have their
respective limitations. Yet they have proved to be
powerful tools, especially when applied to materials

that can be correlated with established physical or
biological sequences.

Direct Counting Methods

These methods generally involve the counlting of
layers in naturally-occurring materials whose ge-
netic environments are reasonably well understood.
The layering must reflect some kind or temporal
cycling (e.g.. annual) that can be firmly identified.
Examples:

1. Tree rings—Reliable when counted and interpreted
by experis. Best results from long-lived
conifers. Chronology back to 2,000 yr or more
before present in many areas, and to an extreme
of about 9,000 y.b.p. for bristlecone pine (living
+ dead trees) in White Mountains of California-
Nevada. Of very limited direct usefulness for
geologic dating, but extremely valuable for cali-
braling the radiocarbon method of dating.

2. Varved sediment—Best results from undisturbed
sections ol annually layered deposits laid down
in Pleistocene glacial lakes, hence use is much re-
stricted geographically. Requires a combination
of favorable exposures and careful, painstaking
work. Yiclds numbers representing spans of time
in some regions amounting to as much as 4,000
yr. Does not yield specific ages, but can be valu-
able when coordinated with other methods.

Radiometric Methods

These methods are based upon growth or decay
rates of certain isotopes, most of them members of
the uranium decay series. For the time span of the
Quaternary period, some are applicable to carbona-
ceous malterials, some to carbonates of organic or in-
organic origin, some to deep-sea sediments, and a
very important one Lo terrestrial volcanic rocks. All
of the methods require careful analytical work, and
all are liable to serious errors if conditions essential
1o the respective chemical models have been vio-
lated during the respective histories of the analyzed
malerials.

Carbon-14 method—organic matler, and organic
matter with calcium carbonate, Age range 0 to about
40,000 y.b.p., but up to 70,000 y.b.p. with special
techniques and suitable materials for dating. Results
are generally good. Errors are due mainly to conta-
mination by younger carbon. Initial concentrations
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of C* can be low in materials where the carbon was
formed from terrestrial waters. Canbe cross-checked
with tree-ring and archaeological data, and very
uscful for cross-checking with other kinds of radio-
melric dating. Has been applied to dating of pollen
sequences, archaeological sequences, many kinds of
sedimentary sections, etc.

lonium-deficiency (Th* growth) method—calcium
carbonates. Age range 0 to 250,000 y. b.p. Requires
some initial uranium, no initial Th®?, and unrecrys-
lallized matcrial (for fossils, typically aragonilte with

little or no calcite). Unreliable results with mollusks

but some good results with corals; incorrect ages
ordinarily are too low. Chief sources of error are
secondary addition of uranium and non-radiogenic
Th®" to fossil materials.

Ionium-excess (Th¥°/Th**) method—deep-sea sedi-
ments. Age range 5,000 to 400,000 y.b.p. Recent ad-
aptation of earlier method found 0 be unreliable.
Some good results, but age dates commonly 100
high.

Protoactinium-ionium method-deep-sea sedi-
ments. Age range 5,000 to 120,000 y.b.p. Based on
decreasing ratio of Pa*®!/ Th®® with time. Results
range from good to poor: erroneous ages generally
high. Reasons for discrepant ages are not yet [ully
understood.

Protoactinium method—deep-sea sediments. Age
range 5,000 to 175,000 y.b.p. Based on assumption
of constant rate of Pa* accumulation. Has yielded
some good results, even on malerials with anomal-
ously high ionium excess protoactinium-ionium
ages.

Uranium-234 method-calcium carbonates. Age
range 50,000 to 1,000,000 y.b.p. A decay method
based on more rapid escape of U®* than parent U>®
from material. Requires reliable estimate of original
U™ in sample, which is difficult to achieve. Resulls
can be good for marine corals, but are poor for
marine mollusks and fresh-water materials.

Helium-4 growth method—calcium carbonates.
Theoretically no age limit. Based on time-dependent
He* accumulation in sample. Total He and U must
be known, along with U**/U>* ratio. Variable results,
with major errors (low ages) attributable mainly to
later introduction of uranium and to loss of helium.
Some successful use with mollusks and corals.

Potassium-argon method—volcanic rocks. Has
proved to be suitable for Quaternary dating where
rocks initially contained no Ar*™ and in which all the
Ar' formed from potassium decay has been retained
and can be distinguished from Ar* introduced from

external sources. For fresh samples, uncontaminated
by older material, results can be very good. Method
has been used 1o calibrate the palcomagnetic scale.

Other methods—the chlorine-36, beryllium-10, and

other radiometric methods that have been suggested

arc untested, impractical, or in disrepute at the pres-
ent time.

Paleomagnetism

The present, or normal, magnetic field of the earth
has existed essentially as such during the past 0.7
million years. From 0.7 to 2.4 m.y.b.p. the field was
reversed, from 2.4 t0 3.4 m.y.b.p., it was normal, and
for a substantial period of time before that it was
reversed. Brief periods of normal polarity occurred
about 0.9 and 1.9 m.y. ago, and a brief period of
reversed polarity about 3.0 m.y. ago. The chronol-
ogy of polarity shifts has been well calibrated by
means of K-Ar age dating on a very large number of
terresirial volcanic rocks whose remanent magnet-
ism also has been determined, and thus it provides
cxcellent temporal check points for the Quaternary
period,

Of great importance is the rather recent discovery
that the remanent magnetism of deep-sea sediments
is sufficiently strong and stable to provide an inde-
pendent method of dating by polarity reversals. Thus
continuous cores can be dated, both magnetically

and radiometrically, with ages thereby assigned to

their contained [ossils.
The Fossil Record

Chronological interpretations from the fossil rec-
ord, when made in the classical sense, yield relative
rather than absolute ages. Moreover, paleontologists
can testify to the difficulties encountered in properly
dealing with faunal populations, ecological condi-
tions, and other factors pertinent to decisions on
relative ages of the containing sediments or rocks.

But fossils can be used for dating in other ways,
and some of these uses have become highly produc-
tive. Most directly, fossils can provide the material
lor radiomelric age determinations, such as C*dating
of ancient pollen or wood. Of even wider application
are their “bridging” functions when coordinated with
radiometric and/or paleomagnetic age dating, and
withregional or world-wide geologic events. Asone
cxample, many datable deep-sea sediments contain
the remains ol temperature-sensitive species of fo-
raminifera and other organisms, thereby providing
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a means for dating major episodes of Pleistocene
glaciation. A calibrated chronology of glacial and
interglacial episodes is of great value in dating many
materials and landforms in onshore areas.

Application of Dating Methods

The methods of age dating briefly noted above can
be applied singly or in various combinations, with
results ranging from definitive to wholly unreliable.
The best age determinations derive, directly or indi-
rectly, from careful analysis or uncontaminated
materials in methods that have proved trustworthy
for the respective materials, and accordant results
from two or more methods are a desirable goal. In
many situations, however, a qualified age value 1§
the best that can be obtained. This most commonly
takes the form of a maximum or minimum, rather
than a definite value.

The following hypothetical examples illustrate
some of the situations that have yielded useful de-
terminations of age:

1. Fossil pollen or other carbonaccous material
occurs at one horizon in a freshly-exposed section
of ancient lake beds. C* dates on three samples are
reported as 14,500, 15,000, and 14,800 y.b.p. ac-
companying mollusk shells are dated by the Th®°
growth method at about 8,000 y.b.p. The Th®? age
should be regarded as a minimal value, and the
correct age for the horizon probably is near 14,800
v.b.p.

2. Fossil mollusks and some carbonaceous matter
occur in marine sand and rubble immediately above
the wave-cut bench of a broad coastal terrace. The
bench is 110 ft above present sea level. Age of the
fossils, as indicated by the C*method, is greater than
35,000 yr, by the Th®® growth method 65,000 yr,
and by the He* growth method 50,000 yr. The two
higher values are questionable as absolutes, but
65,000 yr could well be a reasonable minimum.

Consider, now, the present elevation of the wave-
cut bench. When could this bench have been formed?
Certainly not during the 10,000 yr or less of Holo-
cene time, when sea level was progressively rising
to its present position, nor during latest Pleistocene
(Wisconsin) time, when sea level was hundreds of
feel lower than its present stand. Even with allow-
ances for considerable crustal uplift in the area, the
latest period when the bench could have been cul by
marine erosion was during the high sea stands that
occurred during a parl of early Wisconsin time and

during the preceding Sangamon interglacial inter-
val. This places the age at least 100,000 y.b.p., on
the basis of accordant Pa®', Pa®/Th®® and Th™/
Th*? chronologies for deep-sea sedments in which
glacial-interglacial boundaries can be distinguished
via the remains of lemperature-senstive organisms.
Thus the minimum age of the wave-cut bench, the
fossil mollusks, and their containing sediments
actually is about 100,000 yr; the true age could well
be greater by a factor of at least two.

3. Marine deposits form discontinuous vencers on
a step-like series of coastal terraces, and fossil mol-
lusks are recovered from the sedimentary veneer on
the eighth terrace, at an clevation of about 900 f1
above present sea level. Several carefully selected
samples of these fossils, composed almost wholly of
aragonite, are dated by the Th*° growth method.
Resulting values range from 100,000 to 250,000
y.b.p. The position of the terrace in the geomorphic
sequence indicates a pre-Sangamon Pleistocene age,
but more specific correlation with the glacial-inter-
glacial chronology would require detailed geologic
analysis of the entire sequence. Without such analy-
sis, however, it could be concluded that the indicated
range of radiomelric ages is almost certainly mini-
mal, and that the actual age of the fossils probably
is much greater.

4, A section of terrestrial sediments contains a
thick layer of andesitic tuff breecia. Juvenile breccia
fragments in this layer are found to show normal re-
manent magnetism, but an age of more than 700,000
yr is strongly suggested by folding of the rocks and
two angular unconformities higher in the section.
Dating of two fragments by the K-Ar method yields
valuesof 1.85 and 1.92 m.y.b.p. Anage orabout 1.9

m.y. is compatible with a known brief episode of

normal magnetic polarity during the period of re-
versed polarity that existed from 0.7 to 2.4 m.y. ago,
and it probably is close to the correct age.

LECTURE NOTES ON DATING OF
QUATERNARY MOVEMENTS
ALONG FAULTS
(March 1970)

Reliable criteria for applying geological ages (0
lault activity can be essentially correlated with two
basic generalizations:

1. At least some movement on a given fault post-
ated the youngest rocks or features displaced by
the fault.
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2. The most recent movement on a given [ault
antedated the oldest undisplaced features that
were formed across the trace of the fault, or the
oldest undisplaced rocks that a) lie unconformbly
above or against the fault and its host rocks, or b)
were emplaced along or across the fault.

The first relationship is readily appraised wher-
ever the fault is exposed or can be reasonably well
inferred, and where the pertinent rocks or features
can be dated. The second is much more difficult 1o
evaluale, as it requires rather special geologic situ-
ations, good exposures, and firm identification of
critical genetic features. I these condilions are sat-
isfied, and il the ages of the post-fault rocks or
features can be determined, a minimum age for the
latest fault movement can be indicated with confi-
dence.

Despite its difficulties, assignment of a minimal
age 10 the most recent episode of movement along
the trace of a prehistoric fault is simple and straight-
forward as compared with distinguishing and dating
two or more episodes or events in the fault's most
recent history. Here the problem is twofold:

1. Distinction of episodes or events ordinarily re-
quires recognition of different amounts of offset
in rocks or features of conirasting ages, as well
as appropriate age dating of these rocks or fea-
Lures.

2. Even under the unusual conditions that permit
such recognition and age dating, it generally is

quite impossible to determine whether a given
amount of offset represents one, two, or several
individual events of movement along the fault.

The most promising situation for appraising mul-
tiple fault movements during Quaternary time in-
clude the lollowing:

1. Naturally or artificially exposed sections of Qua-
ternary fluviatile deposits that can be dated.

2. Successive sections of coastal terrace deposits,
preferably of contrasting ages.

3. Artificially exposed sections of Quaternary lake
deposits, including sag-pond deposits, in which
pellen can be dated by the C* method.

4. Successive datable shorelines of shrunken or ex-
tinct Pleistocene lakes that are sulficiently well
preserved for measurement of contrasting fault
offsets.

5. Series of gullies and streams thal have been pro-
gressively offset by horizontal fault movements.

It should be emphasized that, although these and
other situations might yield useful information relat-
ing to repeated fault activity, they cannot be ex-
pected to provide the kinds of data needed firmly to
identify and date individual events of prehistoric
movement, It would be much more realistic 10 aim
toward the recognition and dating ol more general
episodes of movement, acknowledging that each
episode could have included one or more individual
events.
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of ‘America, Boulder, CO, pp. 103-117,

Mica Depaosits o_f the Southeastern Piedmont, Part |, General
Features, with W. R. Griffitts and E. W. Heinrich, U. S,

Geological Survey Professional Paper 248-A: U. 8, Geologi-
cal Survey, Denver, CO, pp. 1-102.

Mica Deposits of the Southeastern Piedmont, Part 2, Amelia
Dusirict, Virginia, with R. W. Lemke and W. R. Griffitts, U.
S. Geological Survey Professional Paper 248-B: U. S. Geo-
logical Survey, Denver, CO, pp. 103-139.

Review of “Geography in the Twentieth Century,” edited by
Grilfith Taylor, Philosophical Library, New York: Journal
of Gealogy, Vol. 60, pp. 594-595.

1953

Review of “Optical crystallography,” 2nd edition, by E. E.
Wahlstrom: American Journal of Science, Vol. 251, pp.
762-764.

*Surficial Geology of the Ayer Quadrangle, Massachusetts,
U. 8. Geological Survey Quadrangle Map GQ-22: U. S.
Geological Survey, Denver, CO.

Mica Deposits of the Southeastern Piedmont, Part 3,
Ridgeway-Sandy Ridge District, Virginia and North Caro-
lina, with W. R. Griffitts and R. W, Lemke, U. §. Geological
Survey Professional Paper 248-C: U. S. Geological Survey,
Denver, CO, pp. 141-170.

Mica Depuosits of the Southeastern Piedmont, Part 4, Outly-
ing Deposits in Virginia, with W. R. Griffius: U. 8. Geologi-
cal Survey Professional Paper 248-C: U, S. Geological Survey,
Deaver, CO, pp. 171-202.

Mica Deposits of the Southeastern Piedmont, Part 9,
Thomasion-Barnesville District, Georgia, with E. W. Hein-
richand M, R. Klepper, U. 8. Geological Survey Professional
Paper 248-F: U. §. Geological Survey, Denver, CO, pp.
327-376.

Mica Deposits of the Southeastern Piedmont, Part 10, Out-
lying Deposits in Georgia, with E. W. Heinrich, U. §. Geo-
Iogical Survey Professional Paper 248-F: U. 8. Geological
Survey, Denver, CO, pp. 377-400.

The genesis of pegmatites, part I: occurrence and origin of
gianterystals: American Mineralogist, Vol. 38, pp. 563-598.

The genesis of pegmatites, part [I: quantitative analysis of
lithium-bearing pegmatites from Mora County, New Mexico:
American Mineralogist, Vol. 38, pp. 1078-1112.

Distribution of rare elements within granites and granitic
pegmaltites, (Abstract): Geological Society of America Bul-
letin, Vol. 64, No. 12, p. 1440,

*Rock bursting and other geologic problems in the granite
quarries at Barre, Yermont, (Abstract): Economic Geology,
Vol. 48, No. 4, p. 328.

*Ventura County Investigation, with R, G. Thomas, L. B.
James, and R. T, Bean, California State Water Resources
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Bulletin No. 12: California State Water Resources Board,
Sacramento, CA.

1954

*Geology of Southern California, (editor), California Divi-
sion of Mines Bulletin 170: California Division of Mines,
Sacramento, CA, 2 Volumes,

*Investigations and problems of southern California geol-
ogy. In Jahns, R. H. (editor), Geology of Southern Califor-
nia, California Division of Mines Bulletin 170: California Di-
vision of Mines, Sacramento, CA, Chapter I, pp. 5-29.

*Geology of the Soledad Basin, Los Angéles County, with
W. R. Muehlberger. In Tahns, R. H. (editor), Geology of
Southern California, Californiz Division of Mines Bulletin
170: California Division of Mines, Sacramento, CA, Map
Sheet No. 6.

*Geology of the Peninsular Range provinee, souther Cali-
fornia and Baja California. In Jahns, R. H. (editor), Geology
of Southern California, California Division of Mines Bulle-
tin 170: California Division of Mines, Sacramento, CA,
Chapter I, pp. 29-52.

*Geology of the Transverse Range province, southern Cali-
fornia, with T, L. Bailey. In Jahns, R. H. (editor), Geolozgy
of Southera California, California Division of Mines Bul-
letin 170: California Division of Mines, Sacramento, CA,
Chapter 11, pp. 83-106.

*Geologic guide for the northern partof the Peninsular Range
province, southern Calilornia. In Jahns, R, H. (editr), Geo-
ogy of Southern California, California Division of Mines
Bulletin 170: California Division of Mines, Sacramento, CA,
Geology Guide No. 5, 59 p.

Marine-nonmarine relationships in the Cenozoic section of
California, with J. W. Durham and D. E. Savage. In Jahns,
R. H. (editor), Geology of Southern California, California
Division of Mines Bulletin 170: California Division of Mines,
Sacramento, CA, Chapter 111, pp. 59-71.

Pegmatites of southern California. In Jahns, R. H. (editor),
Geology of Southern California, California Division of Mines
Rulletin 170: California Division ol Mines, Sacramiento, CA,
Chapter VII, pp. 37-50.

1955

The purchase of a gem stone—or what to do until the appraiser
arrives: Engineering and Science, Vol. 18, pp. 14-21,

*Road log in Sierra Cuchillo and neighboring arcas, in
Guidebook of South-Central New Mexico: New Mexico
Geological Society, Sixth Field Conference, Socorro, NM,
pp. 24-26,

*Volcanie rocks of south-central New Mexico, with F. E.
Kottlowski and F. I. Kuellmer, in Guidebook of South-Central

New Mexico: New Mexico Geological Society, Sixth Field
Conference, Socorro, NM, pp. 92-95,

Possibilities for Discovery of Additional Lead-Silver Ore in
the Palomay Camp Area of the Palomas (Hermosa) Mining
District, Sierra County, New Mexico, New Mexico Institute
of Mining and Techniology, State Bureau of Mines and Minera]
Resources Circular 33; State Bureau of Mines and Mineral
Resources, Socorro, NM, 14 p.

The study of pegmatites: Economic Geology, Fiftieth Anni-
versary Yolume, pp. 1025-1130,

*Geology at the Sierra Cuchillo, New Mexico, in Guidebook
of South-Central New Mexico, New Mexico Geological
Society, Sixth Field Conference, Socorro, NM, pp. 158-174,

1956

Resurgent boiling and the formation of magnetic pegmatites,
(Abstract): Geological Soctety of America Bulletin, Vol. 67,
No. 12, p. 1772.

1957

The PelicanArea, Palomas(Hermosa) District, SierraCounty,
New Mexico, New Mexico Institute of Mining and Technol-
ogy, State Bureau of Mines and Mineral Resources Bulletin
55: State Bureau of Mines and Mineral Resources, Socorro,
NM, 5p

*The Mt. Lowe Railway Construction: The Fumerole (Caltech
Gealogy Club Magazine), Vol. X, No. 4. (Reprinted herein),

1958

The geologic frameweork of southern California, in A Guide
to the Geolagy and Oil Fields of the Los Angeles and Ventura
Regions: American Association Petroleum Geologists, Pa-
cific Section, Los Angeles, CA, pp.1-15.

The constituents and nature of matter; Gems and Gemology,
Vol. 9, No. 5, pp. 148-157.

The nature of orystals—geometric relationships: Gems and
Gemology, Vol. 9, No. 6, pp. 180-180.

*Residential ills in the Heartbreak Hills of southern California:
Engineering and Science, Vol. 22, No. 3, pp. 13-20; reprinted
in Building Contractor of California, Vol. 23, No. 1, pp.
29-36. (Reprinted herein).

1959

*Collapse depressions of the Pinacate voleanic field, Sonora,
Mexico. In Heindl, L. A. (editor), Guidebook II: Arizona
Geological Society, Tucson, AZ, pp. 165-184,

Formations of minerals, physical properties—Part 1: Gems
and Gemaology, Yol. 9, No. 8, pp. 240-247.
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Origin of remarkable beryl concentrations in the Harding
pegmatite, New Mexico, with Lauren A. Wright, and A.
Montgomery, (Abstract): Geological Society of America Bul-
letin, Yol. 70, No. 12, p. 1725.

1960

Gem stones and allied materials. In Gillson, J. L. (editor),
Industrial Minerals and Rocks: American Institute of Min-
ing, Metallurgical and Petroleum Engineers, New York, NY,
pp. 383—441, 3rd edition.

Memorial to Edwin Verne Van Amringe (1899-1956): Ame-
rican Association of Petroleum Geologists Bulletin, Vol. 44,
pp. 258-260.

*Garlock and Death Valley fault zones in the Avawalz
Mountains, California, with Lauren A. Wright, (Abstract):
Geological Society of America Bulletin, Yol. 71, No. 12, pp.
2063-2064.

1961

Review of U. S. Geological Survey Research 1960, U. §.
Geological Survey Professional Paper 400: U. 8. Geological
Survey, Denver, CO; also, American Geophysical Union
Transactions, Vol . 42, p. 307 .

1962

Experimental Studies of Pegmatite Genesis-The Composi-
tion of Pegmatite Fluids, with C. W. Burmnham, (Abstract),
Geological Sociely of America Special Paper 68: Geological
Society of America, Boulder, CO, pp. 143-144.

Experimental Studies of Pegmatite Genesis-A Model for the
Crystallization of Granitic Pegmatites, with C. W. Bumham,
(Abstract), Geological Society of America Special Paper 68:
Geological Society of America, Boulder, CO, pp. 206-207.

A method for determining the solubility of water in silicate
melts, with C. W. Burnham: American Journal of Science,
Vol. 260, pp. 721-745 .

*¥T'he Monterey Formation af the Palos Verdes Peninsula, Los
Angeles County, California, with G. B. Cleveland, (Ab-
stract); California Association ol Engineering Geologists,
Fifth Annual Meeting Technical Papers, p. 55.

1963

Layered pegmatite-aplite intrusions, with O. F. Tuutle:
Mineralogical Society of America, Special Paper 1, pp. 78-92.

The ‘Granite System’ to 10,000 bars phosphorous with H,0,
with W. C. Luth and O. F. Tuule, (Abstract): American
Geophysical Union Transactions, Vol. 44, No. 1, p. 118,

*Sequence of Late-Glacial Lacustrine Sedimentation in lhe
Hadley Basin, Massachusetis, with L. H. Lattman, (Ab-

stract), Geological Society of America Special Paper 73:
Geological Society of America, Boulder, CO, p. 177.

Origin of Igneous Aplites, with O. F. Tuttle, (Abstract),
Geological Society of America Special Paper 73: Geological
Society of America, Boulder, CO, pp. 177-178.

1964

The granite system at pressures of 4 to 10 kilobars, with W.
C. Luth and O. F. Tuttle: Journal of Geophysical Research,
Vel. 69, pp. 759-773.

The status of undergraduate geological education, with W,
W. Hambleton, J. R. Beerbower, R. C. Gutschick, G. E.
Prouty, C. I. Roy, R. L. Heller, and J. L. Snyder: Geotimes,
Vol. 8, No. 5, 13 p.

The hypersolvus granite-granophyre-rhyolite association, with
O. F. Tuule and W. C. Luth (Abstract): American Geophysi-
cal Union Transactions, Vol. 45, No. 1, p. 124,

1965

Genesis of Homogeneous Aplite Dikes, with O. F, Tuttle,
{Abstract), Geological Society of America Special Paper 82:
Geological Society of America, Boulder, CO, pp. 209-210.

Tin, with C. L. Samsbury, in Mineral and Water Resources
of New Mexico, New Mexico Bureau of Mines and Mineral
Resources Bulletin 87: Burcau of Mines and Mineral Re-
sources, Socorro, NM, pp. 237-240.

1966

*Surficial Geology of the Greenfield Quadrangle, Franklin
County, Massachusetts, U. S, Geological Survey Quadrangle
Map GQ 474: U. §. Gecological Survey, Denver, CO,

*Geologic and seismic factors pertinent to the Bolsa ofshore
(artificial Island) site area. In Lung, Richard and Proctor,
Richard (editors), Engineering Greology in Southern Califor-
nia: Association of Engineering Geologists, Los Angeles
Section Special Publication, Los Angeles, CA, pp. 376-379,
(out of print).

1967

*Earthquake and geologic hazards in California, with others,
in Report by the Geologic Hazards Advisory Committee: The
Resources Agency, Sacramento, CA, 18 p.

*Geologic Factors Relating to Engineering Seismology inthe
Hanford Area, Washington, Report DUN-3100: Douglas
United Nuclear, Richland, WA, 35 p.

Serpentinites of the Roxbury District, Vermont, In Wyllie, P.
1. (editor), Uliramafic and Related Rocks: John Wiley and
Sons, New York, NY, pp. 137-160.
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*The late Pleistocene of the Connecticut Valley in northern
Massachusetis. In Robinson, Peter (editor), Field Trips in the
Connecticut Valley, Massachusetts: New England Intercol-
legiate Geology Conference, Annual Meeting, Amherst, MA,
pp. 166-193.

1968

*Geologic environment of HVDC ground currents as related
to buried pipelines, with Ira C. Bechtold, in National Asso-
ciation of Corrosion Engineers Conference, Paper No. 42:
Cleveland, OH, 45 p.

*Geologic jeopardy: Texas Quarterly, University of Texas
Press, Vol. 11, No. 2, pp. 69-83. Reprinted in Global Ecol-
ogy: Harcourt Brace Jovanovich, New York, NY, pp.95-102;
and in Rhodes, F, H. T and Stone, R. O. (editors) Language
af the Earth, 1981: Pergamon Press, New York, NY, pp.
364-369.

1969

*California’s ground-moving weather: Enginsering and Sci-
ence (Caltech Alumni Magazine), Vol. 32, No. 6, pp. 6-13.
(Reprinted herein).

*Seventeen years of response by the City of Los Angeles to
geologic hazards. In Olson, R. A. and Wallace, M. M.
(editors), Geologic Hazards and Public Problems: Confer-
ence Proceedings, Olfice of Emergency Preparedness, Santa
Rosa, CA, pp. 283-295. Also in Coates, D. R. (editor), En-
vironmental Geomorphology and Landscape Conservation,
Vol. 2, 1974: Dowden, Hutchinson and Ross, pp. 255-295.

*Long-term behavior of some major faults in southern
California: American Geophysical Union Transactions, Vol.
50, pp. 382-384.

Experimental studies of pegmatite genesis, 1: a model for the
derivation and crystallization of granitic pegmatites, with C.
W. Burhnam: Economic Geology, Vol. 64, pp. 843-864.

Origin of granophyre in dikes and sills of tholeiitic diabase,
with R. F. Martin and O. F. Tuttle, (Abstract): American
Geophysical Union Transactions, Vol. 50, No. 4, p. 337.

Eruptive Sequence at Crater Elegante, A Small Caldera in
Northern Mexico, with ). T. Guimann, (Abstract), Geological
Society of America Special Paper 121: Geological Socicty of
America, Boulder, CO, p. 123.

*Geologic hazards, (Abstract), Geological Society of Amer-
ica Annual Meeting, p.114. (Text in 1970 publication).

1970

Mineral resources and human ecology. In Johnson, H. D.
(editor), Ne Deposit=No Return: Addison-Wesley Publishing
Company, Reading, MA, pp. 151-155.

*Guide 1o the Geology of the Diablo Canyon Nuclear Power
Plant Site, San Luis Obispo Ceunty, California, Geological

Society of America Cordilleran Section Meeting, Field Trip
Guidebook: Geological Society of America, Boulder, CO,
44 p.

*Geologic hazards—problems for jomnt solutions: Jeurnal of
Geological Education, Vol. 18, pp. 81-84.

1971

*Earthquake Hazard Reduction, Report of the Task Force on
Earthquake Hazard Reduction, with others: White House
Office of Science and Technology, Washington, DC, 54 p.

*In the Interest of Earthquake Safety, with others: Institute
of Governmental Studies, University of California, Berkeley,

CA, 22 p.

*The role of geology inurban planning and how best to insure
its use—a panel discussion, R. H. Jahns, Moderator. In
Nichols, D. R. and Campbell, C. C. (editors), Environmenial

Planning and Geology: U, S Geological Survey, Denver, CO,
and U. S. Department of Housing and Urban Development,
Washington, DC, pp. 90-105, (Proceedings of symposium
held at 1969 AEG Annual Meeting, San Francisco, CA).

Memorial of Louis Wade Currier (1890-1970): American
Mineralogist, Vol. 56, pp. 674-680.

*Geologic Structure of the Continental Shelf off San Onofre,
Regional Relationships and Influence on Seismicity, with M.
L. Hill, J. LeConte, D. G. Scott, R. F. Scout, J. L. Smith and
S.W.Smith: Reportto Southern California Edison Company,
and San Diego Gas and Electric Company for consideration
in earth-resistant design of Units 2 and 3 of the San Onofre
Nuclear Generating Station, San Clemente, CA.

*(eologic hazards, associated risk, and the decision-making
process, in Earthquake Risk: California Legislature Joint
Committee on Seismic Safety, Proceedings of Earthquake
Risk Conference, Sacramento, CA, pp. 39-53. (out of print).
(Reprinted herein).

*Remote sensing by photogeology applied to ground current
paths in an HVDC system, with Ira C. Bechtold, in Interna-
tional Symposium on Remote Sensing of the Enviromment,
Seventh Proceedings, Viol. 2: Willow Run Laboratories, Ann
Arbor, MI, pp. 951-971.

*Preliminary Report on the Geology and Field Petrology of
the Apollo 15 Landing Site, with others: U.S, Geological
Survey Interagency Report 32 for National Aeronautics and
Space Administration, Houston, Texas: U. §. Geological
Survey, Denver, CO, 31 p.

Some structural implications of a late Precambrian-Cambrian
section in the Avawatz Mountains, California, with B. W.
Troxel and L. A Wright, (Abstract): Geological Society of
America, Vol. 3, No. 2, p.140.
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1972

*Evidence for differential displacement along the Garlock
fault zone, California, with B. W, Troxel and L. A. Wright,
(Abstracl), in Geological Society of America Cordilleran
Section, Annual Meeting, Vol. 4, No. 3, p. 250.

An unusual beryl from Arizona, with W. T. Schaller and R.
E. Stevens: American Mineralogist, Vol. 47, pp. 672-699.

Experimental Studies of Pegmatite Genesis-A Model for the
Crystaliization of Granitic Pegmatites, with C. W. Burnharm,
(Abstract), Geological Society of America Special Paper 68:
Geological Society of America, Boulder, CO, pp. 206-207.

*Report of Seismic Advisory Board to the City Council of
Redwood City, with B. A. Boit, R. W, Clough, H. J. De-
genkolb, T. M. Leps: 2 volumes.

*Preliminary Report on the Geology and Field Petrology at
the Apollo 16 Landing Site, with others: U. S. Geological
Survey Interagency Report 48 for National Aeronautics and
Space Administration, Houston, Texas: U. §. Geological
Survey, Denver, CO, 59 p.

*Siting of nuclear power plants on coastal terraces in Cali-
fornia, (Abstract), in Geological Saciety of America, Annual
Meeting, Minneapolis, MN, p. 178.

1973

*A profile of southern California geology, in Guidebook:
SEG Trip I: Amenican Association of Petroleum Geologists,
Socicty of Economic Paleontologists and Mineralogists, and
Society of Exploration Geophysicists Annual Meeling,
pp.1-26.

*Tectonic evolution of the Transverse Ranges province as
related to the San Andreas fault system. In Kovach, R. L. and
Nur, Amos (editors), Proceedings of the Conference on
Tectonic Problems of the San Andreas Fault System, Stan-
ford University Publications in the Geological Sciences, Vol.
13: Stanford University, Stanford, CA, pp. 149-170.

*Space-time relationships of landsliding on the southerly
side of the Palos Verdes Hills, California, with Karl Vonder
Linden, in Geology, Seismicity, and Environmenial Impact:
Associalion of Engineering Geologists Special Publication,
Los Angeles, CA, pp. 123-138.

1974

*Some historical perspective en response 1o geologic haz-
ards, in Proceedings of Workshop on Physical Hazardy and
Land Use: A Search for Reason: San Jose State University
Department of Geology, San Jose, CA, pp. 105-112, (Re-
printed herein).

Thesaolid earth, In Kone, E. H. and Jordan, H. J. (editors), The
Greatest Adventure: Rockefeller University Press, New York,
NY, pp. 51-68.

*Possible uses of natural ground as an in-place shake table
in earthquake environment simulation, in Workshop Simula-
tion of Earthquake Effects on Structures, Final Report and
Proceedings: National Academy of Enginecring, pp. 61-63.
fgneous Rocks: Encyclopedia Brittanica (15th edition), Yol,
9, pp. 201-213,

Structural and petrogenetic relationships of pegmatites in the
Petaca District, New Mexico, in Ghost Ranch, Ceniral-
Northern New Mexico; Base Metal and Fluorspar Districts:
A Symposium, New Mexico Geological Society Silver Anni-
versary Guidebook No. 25: New Mexico Geological Society,
Socorra, NM, pp. 371-375.

Metallogenic provinces of northeast Pacific, in Circum-Pacific
Energy and Mineral Resources Conference, American Asso-
ciation of Petreleum Geologists Bulletin, Vol. 58, No.7, p.
1442.

Tourmaline-bearing pockets in pegmalite of the Pala District,
San Diego County, California, with Edward R. Swoboda and
William F, Larson, (Abstract), in Geological Society of America
Cordilleran Section Vol.6, No.3, pp. 197-198.

Gold and tungsten mineralization in the White Oaks District,
Lincoln County, New Mexico, with Max E. Willard, (Ab-
stract), in Ghost Ranch, Central-Northern New Mexico; Base
Metal and Fluorspar Districts: A Sympaosium, New Mexico
Geological Society Silver Anniversary Guidebook No. 25:
New Mexico Geological Sociely, Socorro, NM, p. 384,

Ore deposits of the Palomas (Hermosa) District, Sierra County,
New Mexico, (Abstract), in Ghost Ranch, Central-Northern
New Mexico; Base Metal and Fluorspar Districts: A Sympo-
sium, New Mexico Geological Society Silver Anniversary
Guidebook No. 25: New Mexico Geological Society, So-
corro, NM, p. 381.

Minerals, with G. Arrhenius and R. P. Blanc: Geotimes, Yol
19, No. 10, pp. 19-20.

1975

Memorial to Donnel Foster Hewett (1881-1971 ), Geological
Sociely of America Memoir 4: Geological Society of Amer-
ica, Boulder, CO, pp. 91-101,

Gem materials. In Lefond, S. 1. (editer), Industrial Minerals
and Rocks (Non-Metallics Other than Fuels): American
Institute of Mining, Metallurgy, and Petroleum Engineering,
pp. 271-326.

Strategic minerals: Geotimes, Vol. 20. No. 9. American
Geologic Institute's White House Papers on Earth Science.

Tourmaline in the Hamalaya pegmatite—aplite dike system,
Mesa Grande District, San Diego County, California, with E,
E. Foord: Eos (American Geophysical Union Transactions),
Vol. 56, No. 12, p. 1077.

Depthofemplacement of the El Pinal Pluton, Baja California,
Mexico, withW. A, Duffield, (Abstract), in Geological Society
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of America Cordilleran Section, Annual Meeting, Los Ange-
les, CA, Vol. 7, No. 3, p. 313,

Crystallization of alkali, feldspar and quartz in the haplo-
granite system NaAlSi,0,-KAISi,0,-5i0,- H,0 at 4 kb, with
1. C, Sweiner and W. C. Luth: Geological Society of America
Bulletin, Vol. 86, pp. 83-97.

*The San Gabriel and Santa Susana-Sierra Madre fault zones
in the central San Gabriel Mountains, California, with Rich-
ard I. Proctor, (Abstracl), in Geological Society of America
Cordilleran Section Meeting, Los Angeles, CA, p. 329.

1976

Petrochemistry of Precambrian aplites and host granites of
the Dixon—Penasco area, northern New Mexico, with P. E,
Long. (Abstract), in Geological Society of America, Ab-
stracts with Programs, Vol. 8, No. 6, pp. 984-985,

The Harding Mine, Taos County, New Mexico, with R. C.
Ewing, in Guidebook of Vermejo Park, North-Eastern New
Mexico, New Mexico Geological Society Annual Ficld
Conlerence Guidebook 27: New Mexico Geological Society,
Socorro, NM, pp. 263-276. Also in Mineralogical Record,
Vol. 8, pp. 115-126.

Metallogenic previnces of northeast Pacific, in Circumn-Pacific
Energy and Mineral Resources Meeting, Honolulu, Hawaii:
American Association of Petroleum Geologists, Tulsa, OK,
Memoir 25, pp. 483-491.

*Sheer structure in granite, I: field observations and in situ
stresses, with G. Holzhausen: Eos (American Geophysical
Union Transactions), Yol. 57, No. 12, Fall Annual Meeting,
San Francisco, CA, p. 1006.

*Earthquake engineering and the geoscientist's input; too
little or too much? in The Future of Earthquake Engineering:
Proceedings of the Inaugural Symposium of the John A.
Blume Earthquake Engineering Center: Department ol
Engineering, Stanford University, Stanford, CA, pp. 131-141.

*1857 displacements along the San Andreas faull between
Cholame and Cajon Pass, with Kerry Sieh, (Abstract), in
Geological Society of America Cordilleran Section Meeting,
pp. 409-410.

1977

*Overlay Map of the Glacial Geology of Paris of the Tyngsbo
and Westford, Massachusetts, Quadrangles, with M. E.
Willard, W. S. White, L. W. Currier, and S. E. White, U. §S.
Geological Survey Open File Map 77-641: U. §. Geological
Survey, Denver, CO.

*Study of Holocene Displacement History Along the South-
Central Reach of the San Andreas Fault, U. 8. Geological
Survey Final Report No. 14-08-0001-15225: U. S. Geologi-
cal Survey, Denver, CO, 219 p.

Geologic features of the Little Three pegmatites, Ramona
District, California, in Crystal Growthand Habir: Third Min-
eralogical Society of America, Friends of Mineralogy Sym-
posium, Mineralogical Society of America.

1978

*Landslides, in Geophysical Predictions: National Academy
of Sciences, Geophysics Study Committee, Washington, DC,
pPp- 58-65.

*Geologic section in the Sierra Cuchillo and flanking arcas,
Sierra and Socorro counties, New Mexice, with D. K.
McMillan, J. D. O'Brient, and D. L. Risher, In Chapin, C. E.;
Elston, W. E.; and James, H. L. (editors), Field Guide to
Selected Cauldrons and Mining Districts of the Datil-Mogollon
Voleanic Field, New Mexico, New Mexico Geological Soci-
ety Annual Spring Meeting, Special Publication 7: New
Mexico Geological Society, Socarro, NM, pp. 130-138.

*Road log from Socorro to Trith or Consequences via
Magdalena and Winston, with C. E. Chapin, R. M. Chambei-
lin, and G. R. Osburn, In Chapin, C. E.; Elsten, W. E;; and
James, H. L. (editors), Field Guide 1o Selected Cauldrons and
Mining Districts of the Datil-Mogollon Volcanic Field, New
Mexico, New Mexico Geological Society Annual Spring
Meeting, Special Publication No. 7: New Mexico Geological
Society, Socorro, NM, pp. 1-31.

Toward improved understanding of mineral resources; criti-
cal needs in education, training, and transfer of information,
(Abstract), in The Geological Association of Canada, The
Mineralogical Association of Canada, and The Geological
Society of America Joint Annual Meeting, Abstracts with
Pragrams, Vol. 10, No. 7, Toronto, Canada, 428 p.

Experimental crystallization of the Spruce Pine, North Caro-
lina pegmatite, with P. M. Fenn and R. A. Osiecki; Eos
{American Geophysical Union Transactions), Spring Annual
Meeting, Miami Beach, FL, Vol. 59, No. 4, p. 396.

Pegmatite. In Lapedes, D. N, (editor), McGraw-Hill Encycla.
pedia of the Geological Seiences: McGraw-Hill, New York,
NY, pp. 595-598.

*Mass wasting and the environment, with A. D. Howard. In,
Howard, A. D. and Remson, 1. (editors), Geology in Environ-

‘mental Planning, Chapter 2: MeGraw-Hill, New York, NY,

478 p.

*Earthquukes and the environment, with B. M. Page, and A,
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Typical summer storm yarts in Wighdesert countey; three minates later erecks begin o flow,

by RICHARD H. JAHNS

Not many people see them—

but those who do never forget them

T WAS 4 15-foot wall of water, moving toward us

about as fast uz a man could ron. We had erossed
the wash only a lew mintites before. when already we
vould hear the roar of the flood not far upstream. It
passed us with o rush, making such a commotion that
vou couldn’t hear a mun velling right inlo your ear.
It was about midnight and too dark 1o see much in
detail, but the front of the water was unearly verfical,
and hige granite bouldiers and chiniks ol trees kept
droppinz over its edge. This edge was much higher
in the center than along the sides of the wash, and it
didn’t seem possible that water could have such a slope.
The whole business moved on down the channel, giving
us the feeling that nothing could stop it thiz side of
Glendale.”

As Tie spoke of the gregl débris wave that poured
from Blanchard Canyon during southern  California’s
New Year's flood of 1934, this resident of La Canada
Valley seemed scurvely disposed 1o believe what he
had actually seen.

Anyone who happened to be out of doors in this area
on that particular New Year's Eve, hud a rare oppor-
tunity lo observe one of the prinecipal {eatures of the
desert flood—the dibris wave—and to see that previpus
reports of such things as “vertical walls of water”
“thundersus roarine.” and “irresistible foree™ were not
just the dubious producis of overactive imaginations.
Such eye witnesses often are later troubled with douhts.
and the nightmarish qualities of such foods may well
eause them lo question the intrinsie reliability of their
own ohservations.

Few persons do see such things, it is Lrue, and yel
spectacular Hoods are quite characteristic of arid and
semiarid gountry. They are even responsible for many
Familinr features in the desort landseape. The infre-
guency of such Hoods, their most common occurrence
in sparsely populated areas, and the unpleasantness of
the weather generally associated with them eause many
to pass utobserved, Few have lesn deseribed in detail.

Desert floods

and ravely do conditions permit their ivelugion in the
phatographic record.

The word “desert” is used here in ils mosl general
sense—which of ecourse s contrary 1o that preferred
by orgunizitions like the Los Angeles Chamber of
Commerce and the New Mexico Boosters, Much of the
southwestern United States is arid or semiarid country.
and runges from such true deserts as the Colorado,
Papago, Gila, and Mojave 10 areas of intense cullivation
and considerable settlement. Development of the lattor
wenerally s founded upon the introduction of water
from nearby mounlain areas or from more distant rivers,
Much of the desert country is characterized by pro-
found contrasts of landsespe and climate, Ranges in
altitude are gredl. and commonly oceur within shor
distanees. Deep, precipitous canvons drain vongh, moun-
taimous country in some places, anil high, rolling wable
land in others: in turn they debouch onto relatively
flat-Hoored valleys. Bold mountain scarps that rise to
heights of 4000 feet or more are by no means rare,

Temperatures are high, in both winter and summer,
and daily and longerderm temperature ranges are sreat,
Strong winds are common during cerlain seasons. Annual
precipitation and hamidity are low exeept in the highest
mountains and near the southern California coast. On
the other hand, heavy rainfall in the most zrid regions
results from single sforms In some years. Much of the
country is so dry that all streams are intermitlent. and
indeed rarely flow, but elsewhere the desert areas are
traversed by large rivers fed from distam sonrees,
Nearer the const dre mountain masses that caplure
enough mojsture from the air to supply small perennial
streams of their own.

Whether wet or dry, the stream courses are everchang-
ing in their appearance, and il even seems that the longer
the periods of their inactivity. the more catastrophic
are the chanpes wronght by the following Mloods that
triverse them. Fyven the permaznent streams vary con-
siderably in their behavior from one season to annther.
In his Sowthern Sierras of Californin, Churles Franels
Saunders speaks feclingly of the changing moods of
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Siv minutes later storms begins to move off ¢ 15 minates Later storm has. passod, san s shining.

the Big Tujunga, in the San Gabriel Mountains of
southern California:

During storms, and lor duys altervard, it goss thundering
and gnawing st s baeks, vipping oot trees; undermining
roiks and cracking them together 10l the =parks My, rolling
gront Bowlders aroand like marbles, The stream may then
be a hundred fest across and fwenty decp, mnd the sound
of i fury may be pluinly leard o mile away; but with
the pasting of the rainy season fts pussion e lorgorten.
and in July, fellowing its tortuops cowrse for miles. 1 found
it o nderest and moest lovable moald. Now it would be
rippling past gravelly beachies opén 1o the sun, wow idling
in the still shadows of catmanwood and sillow: now, shipping
round a corners it wonlid widen oul and sparkle through a
setting of sedgy mead under perpendiculsr white dliffs,
sugpesting w minlatare Yosemite and seturning eohoed to my
vall; again dropping musically by proper Tittle caseades
from rooky shelf o <hell, it would guther comfornbly in
dinwiy line af restlulnss,

He alsa points out, however, that moest of the streams
“prove on inspeotion te be. during eight or nine months
of the yeur, little more than Hoads of sand littered with
cobliles, where lizards bask and snap wp flies and: top-
knotted quail 1oe about dry-shod.”

Desert oods typify a lund of contrast, In most areas
they are rarities as measured by human standards. Ges-
logically, however. they are common and recurrent
featiires, and represent the eliel mechaniem for the
vrosion of the mountain ranges and deposition of sedi-
ment in the lowland areas. These Hoods usually result
From wrrential dewnpours of the eloudburst type, which
develop either [rom eyelonic storms or, more commonly,
from thunderstorms. The cloudbursts ordinarily  are
irregulur in disteibuion, alleer rather small areas, and
involve short-time precipitation of exceptionally high
intensities. A downpour at Opid's Camp. in the western
San Gabriel Mountains. seems 1o hold the all-time
record of =lightly more than one inch of precipitalion
in a perind of 60 seconds during the early morming
of April 4, 1926, Reports of half an inch in five to
ten minutes are by o means rare, and doubtless eloud-
hurdts of even greater intensity have sone unrecorded
in more remole regions. )

The distribmtion and duration of a typieal summer
thunderstormi in the “hich-desent™ country of south-
western New Mexieo ave shown in the pictures ahove.
This small storm generated o clondburst of the type

kuown n¢ o Msaddle-blanket shower,” in tongue-in-cheek
testimony. of the oft repeated statement that such a
blanket would cover the wetted area. Thunder elouds
gathered over w period of about 35 minutes during the
carly aftérooon of an August day in 1942, and suddenly
precipitation: began over @ well defined area of not
more than Four square miles, The storm shiftad in o
tuther ireegular path, but in general teavelled <lowly
from northwest to southeast. Within o lew minntes of
the original downpour, wuter began to conrse dawn
aoveral of the dry ereek beds. Within 15 mingtes the
storm hud' passed, hut some of the creeks continued to
flow for as long as hall an hour,

In mwuny tegions where there is some cover of vegeta-
tion and Where stream gradients are nol very steep,
clondbursts of moderate intensity result in rather quiet,
“orderly” fpods. In one such food the waters of g
creek, whicli “eame down™ 88 a vesult of a thunder
shower in the Black Ranze of southwestern New Mexico,
were nearly free of debwis. and did nor distoeh the
vonrse gravels or even the low Loghes in the steeam hed,

It some contrast was (ke low of & larger stream a
few miles to the north, The waters. derived in greator
abundance from the same siorm, Tormed a débris-laden
front that traveled down the valley at 8 rate of about
five miles per hour. As shown on page 12, they coursed
down @ chanpel whose bottom was marked by sui-
cracked and hoof-printed mud, vnly partly dry. The [ropm
of the wave waz distindtly higher and steeper on one side
of the channel then on the other, apparently becanse
the water there was more heavily freighted with stones,
Trapments of vegetstion, and other detritus. As more
and more solid matter wis picked up from the bottom
and from caving hanks of the wash, the Forward pro-
gress of the witer in contact with the boltom was slowed
distinetly. Relatively clear water. traveling faster
positions higher in the wave. constantly Howed dyer
the débris-rich portion as o cort of waterfull, only to
b in turn slowed by additional débris picked up from
the dry stream bed. In this way an essentially vertical
wall of waler was maintained 1o a height of dhout eight
iviches. Some of the relatively elenr water st the surface
of the How reached the front of the wave as series of
low. relatively fast-traveling ripples, most of which were
50 feet to more than 200 feet apart,

As the waler approached the observation point. a
separate lobe hezan 1o develop. and to travel more
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In torrent of siltcchohed waters will-defined  waves
gnaw at hank of this arroye neer Santa Fe, NM.

rapldiy than the remainder of the front (right below),
This lobe was marked by & distinetly lower frontal wall,
evidently a veflection of a relatively lower content of
solid matter; This in tury may well be aseribable to the
course: of this lobe over mud and gravel of the stream
Led that was still wet from a previous llood, and that
hence contained relatively little Toose material. Upstream
from the frant of the flood waters, the surfaee of the
flow rose gently for o distance of ot least 150 Tleel.
where the water had an average depth of about four
fec. The general flovd crest fell rather rapidly, how-
ever, and within an hour the water was only three
inches deep and lairly free from solid matter,

Damaging Flood Waves

Though fascinating to wateh, neither of the [oods
noted sbove was particularly unusual, as neither over-
topped the hanks of the wrroyo it which it [lowed.
On other oceasions both ol these streams have developed
damaging flood wives in response tn much more severe
stormis, Their bunks were overtopped, meadow  and
pasture lands were gutted and rilled, some houlders were
strewn on their surfuces, dwellings and other buildings
were broken into by the flood waters and partly banked
with débris, and there was some loss of life.

A rather energetic serigs of flood waves wis observed
in June 1948, north of Santa Fe. New Mexico. where a

b

large arroyo drains an area underlain by soft, fine-
grained rocks. The flood waters hence contained no
boulders, but instead formed a reddish-brown, mud-
choked torrent. The soft banks of the wrroyo were
vigorously aftacked, and from time 1o time greal masses
af the hank material drapped into the rapidly moving
waters, Loprze and distinet waves marked the Hood.
These were spaced 25 feet to more than 100 feet apart,
and in gencral were three inches to two Teet high, Mast
appeared 1o iravel by the same rolling mechanism as
that described above for a less twmulluous flood. In
the last stages of the flow, individial waves were travel-
ling over moist graund with very litlle surface water,

OfF somewhat different aspect are the mare floods of
the most arid, desert parts of the Southwest, These
generully stem from sudden and violent storms on
steep, rough slopes with little vegetation. und the waters
rush down dry canyons in which all sorts of detritus
may have aceumulated Tor years, Thug an abundant sup-
ply of boulders, rubble, and other débris usually is in-
corparated with the flowing water to form flood waves
that may contain as much ns 90 percent solid matter,
These are known as mudflows or débris flows, They
Lehave as viscous lguids. and henee travel much more
slowly than clear water. Seme mudilows contain more
solid matter than others, the ratio of liquid 1o solids
dépending largely upon such local conditions as top-
ography, stormwater supply, and type of vock.

I wus fortunate eéncugh to witness a rather apeotacular
mudflow in the extremely dry country about 30 miles
northeast of Pavker. Arizonw, in January 1943, A clond-
burst of unususl magnitude was indicated by o for-
midahle display of lighining and thunder in a very heavy
overcast that enveloped a part of the nearhy monntain
range. No rain fell at the mine 1 was visiting, but
within an hour there was a great roar in an adjacent
steep-walled canyon, which emptied onte a valley flat
ot the base of the range. At first dull and punctoated
only now and then by booming sounds, this roar became
almaost dealening even before the Hlood appeared.

The flood was an awesome sight, A dark reddish-brown
mass of water-lubricated débris moved —very slowly.
it seemed—down the last tortuous part of ‘the canyon.
It formed 4 curving, but extremely steep wall, which
muist have been about 25 feet high at the point whiers
it st from the narrow mouth of the canyon, Masses
of rock more than 30 feel in maximum dimension cus-
caded down this front and quickly disappeared from
view beneath its base, The ontire mass moved much
like wet concrete, and its tremendous bulk and leisarely
pace gave it an appeesrance of almost irresistible foree,

[\ ™

Flood waters course down biud of New Mexico creek; one lobe advances. more rapidly than rest of front.
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A feature of peruliar Tascination was a series of dust
elouds that rose from the sides of the flow, where dry
snil and rocks of the canyon walls were sheared off
by the moving mase. It was not unlike pulls of dist
riging: from the hopper of a rock erusher.

Patches of soil, mats of brush, branches and even
trunks of cottonwood trees, and boulders of many sizes
Noated along the upper surface of the fow, and in the
more turhulent places they bobbed up and down or
even were brielly tossed into the air. Evidently these
missts were very buovant in the heavy, sludge-like
“hguid™ of water and ill-sorted délwis, and were held
up also by the almost solid mosaic of rock fragments
between them and the bed of the wash. Waves more
than eight feet high traveled slizhily faster than the
front of the débris How itself, and sneceeded one another
at intervals of 50 to 100 Teet,
 After the initial wall of the Hlow had paseed, the
roaring noise diminished perceptibly in volume, but
by no mesns was it Jess than a roar, The patt of the
How that succeeded the fronl became progressively rich-
er i water. and behaved more and move like an ordinary
stream. Each succeeding wave, liowever, obviously was
more heavily Treighted with solid fragments,

It was impossible to follow the initial flow as it
spread oul along the valley floor, but inspection a shorl
time later indicated that it had come to a halt about
a mile from the canyon mouth, Evidently it had fanned
out somewhat and had stopped when enough water had
sonked into the dry sand und gravel of the valley floor
to veduee internal lubrication materially, Tn this, it=
firal position, the front was very steep and about 15
feet in avernge height. The top of the flow. which dried
within a matter of u few hours, was studded with bould-
ers, most of them several feet in diameter. It was also
marked by large wrinkles, generally six inches 1o more

thin two feet high, that lay essentially paralle]l 1o the

margin of the flow.

The steep front of the original How had been breached
in several places by later flows of more liquid material.
and each of these had in turn been “dried up™ and henoe
halted a short distance hevond. Perhaps each of these
suocessive flows was represented by one of the huge,
débris-ladén waves that had heen seen in the canyon
proper. It was interesting to note thut nowhere was any
stream of water issuing from beneath the halted mud-
flow, nor was there evidence of free water at any other
point examined. Digging beneath the outer margin of
the principal flow diselosed patches of eseentinlly dry
sand and gravel that evidently had been incorporated
into the flow from the surfuace over which it traveled.

In desert floods there appear to be all gradations
between the mudflow, with o maximum proportion of
solid particles lubricated by some water, to relatively
clear water with much greater velovity and tremenduous
entting power. The latter is much more commion along
the lower courses of Targe. well defined lines of drajn-
age, especially those with perennial streams. Tt also
ovenrs in conjunction with mudfows—either preceding
or suceeeding them, or hoth. The timing of the two
are easily evaluited.

The mudilow. deposits nre characteristically poorly
sorted and stratified. consisting as they do of o jumble
mass of sub-angular fragments, Tn contrast. the deposirs
of more ordinary flood waters are zharply bedded. and
are composed of rather well sorred particles of «and,
silt, and gravel. Where desertflood sediments ane ex-
posed i eross seetion. they commonly comprise inter-
layered deposits of the two general types.

The desert landscape is constantly being modified and

This jumbled mass of granite boulders is a typical
mudflow depasit in the alluvial fan near Pala, Calif.

adjusted by floods of varying degrees of intensity, Com.
plex, generally steep-walled canyons are carved into
the bold mountuin masses, and broad, lan-like aceiimu-
lations of rock waste are built outward from their
mouths where the streams spread onte the flatter valley
floors. The alluvial Tans that fringe the southern margin
of the San Gabriel Mountaing are excellent examples of
these accumulations, and many others barder the mous-
tain. ranges of the Mojave Desert and areas far 1o the
north and esst. These fans are chavacteristically cone-
like in form, with slopes that gradually steepen upward
toward the mouths of the canyons from which they
were built,

The fan materidls are coarsest nearest the canyon
mouths, and become progressively finer-grained as traced
away toward the central pants of the valleys. The fans
themselves generally coalesce along mountain fronts to
form an apron-like deposit of coarse detritus. As lime
woes on, their surfaces are continually moiified by flood
waters. and they show abundantly the effects of this
trimming, rilling. and incising, Ordinarily. for example.
a mudilow is never reactivated, vnee it has come 1o 4
stop; iustead, subsequent Hood waters cradually form
trenches and channels in it and ar later times their awn
mudflows course through these chunnels before coming
to & halt fartlier down the slope.

The surfaces of some alluvial fans are marked by

Sund. flows duplicate mudflows in all but violence.
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dvwwatz: Mowntains— typieal  desert mountain range.

perennial streams, whereas others are not wetted hy
Howing water for periods of months or yedrs. Few reul
changes are made in the general appearance of any ol
the lans. however, except during times of extraordinary
loods, Tt is then that large mudfows debouch from the
canyon mouths, or tumultuous streams with relatively
little solids cut actively into the surfaces of the fans.
The amount of materinl transported during a single
flood can be very great. During the New Year's flood

of 1934, for example, the waters ol Pickens Creck.

with & drainage basin of only 1.6 square miles. probably
laid down at least 70,000 cubic yards of detritus in
La Canada Valley. This is sullicient material to caver
the Caltech campus to a depth of uhout 18 inches.
Similar rapid deposition tukes place on much larger
scales, too. The great mudflow fan from Agun Tibia

Creek, in northern San Diega County, California, was

once built so rapidly across the valley of the San Luis
Rey River that it formed an effective dam, A lake wis
developed on its upstream side, and remuined there
until the river could eut headward throngh the lower
part of the fan and drain the valley once agnin. The
fan is shown in the photograph Lelow, right: the mouth
of Agua Tibia Creek appears just beyond the: reservoir
near the upper right-hund eorner. The San Luis Rey
River Hows Trom the ceriter foregronnd away from the
observer and out of the picture near the upper lefr-hand
corner. The steep-walled canyon cut Ly this river is
clearly shown near the center of the phitograph.

Playa Lakes

In some desert regions the drainage is internal, ani
flood waters from mountain ranges flow into lakes.
rather than ultimately into the ocean, These plava lakes,
miost of  which ordinarily are dry. are partieylarly
numerous in the Mojave Desert region of southeastery
Californin.. They are underlain by thinly bedded il
and clay, but here and there are layers of coarse detritus
that represent partieularly energetic and long-lived mud-
ows derived from adjacent mountain masses. Indeed,
at least one geologist lins shown thut individual bould-
ers probubly can be shated across the welted surfaces
of playa lakes by unpsually hrisk winds.

The Hooded playas typically have only a Tew inches
of water, even after heayy rains, hut some storms are
so-severe, <o widespread, or so long lasting that (hey
introduce extraordinary quantities of water into desert

drainage systems, Such o sevies of starms in 1938 con.

triluted mnore than wight feet of water to Soda Lake and
Silver Lake, in San Bemardino County, California.
During this storm, mudlows were rather widespread
through mugh of the Mojave region, but in addition
the waters of some rivers contained so Hnle dibris tha
they were able to ot enevgetically into canyon walls
dnd damage highways, rvailvoads. and buildings.

It is fortunate that most vigorous desert Hoods seeur
in regions of little or no settlement. Others, however,
constitule unweleome visitations to populous areas, where
they inflict great damage and even loss of life. The
relution of floods to human activitics in such areas i
a diffieult and complex problem, but suffice it to say
here that such floods will course down the surfaces of
alluvial fans and valley plaing in the Tuture, just as
they have in the past; they will appear on the thickly
seltled fans that fringe the San Gabriel Mountains and
Peninsular Ranges of southern Culifornia, just as they
will oconr in the more arid regions farther east, There
is nothing in the records to suggest that future Honds
will become more frequent or less frequent, as viewed
over a long period of time. Their effects, however, will
become more and more troublesome as human settle-
ment of any given desert or semi-desert area is continued.

As laconically expressed by the Mississippi Valley
Committes, “The ideal river, which would have a uni-
form How. does nm exist in nature” Departure from
this ideal reaches ite muximum in arid countev, The
Hoods may be less Trequent, hut many spell an awful
finality for those works of man that lie i their path.

A resident of u Hood-ravaged velley may not be
compellingly interssted in knowing whether the wreck-
1ge of his home was accomplished by & mudflow that
filled it with débriz or carried it bodily for a few city
blocks, ar by a toreential stream thal undermined it or
simply chewed It to hits; yet these possibilities mizh
well have been considered before he chose a location
for his dwelling. Tle might have stiudied it with respect
to thie channels on the surfuce of the fan, the positions
of large houlders and other deposits of previons mmd-
flows, and the general wopagraphy and amount of vege-
tutive cover in the nearby mountains. Much of the fan
surface may have been modified by the effects of setle
ment, 1o be sure; but eritical seruting from a high place,
or even a study of aeria]l photographs generally will

disclose the details of the natural drainage pattern.

After all, it is o prond experience 1o witness a débiris
Mow—Dbut not in your own back yard!

Mudflow fan in San Diego County, near Pala. Calif,
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THE MOUNT LOWE RAILWAY
(CONSTRUCTION OF THE LINE FROM
ALTADENA TO ECHO MOUNTAIN)

By R. H. Jahns

(From The Fumerole: Caltech Geology Club
magazine, March 1957, Vol. X, No. 4).

(Caltech Editor’s note: This is the first of three sup-
plements to an earlier article, “To the Clouds by
Trolley,” written by the same author and published
in The Fumerole last spring. We print this material
through unpopular demand by faithful readers for
more technical details on the construction, opera-
tion, maintenance, and equipment of this interesting
mountain railway. Comments on the carlier article
have been received [rom several Geology Depart-
ment alumni and other oddballs, including a retired
motorman from the Watls line ol the old Pacific
Electric Railway.)

It was 70 years ago when Professor Thaddeus S.
C. Lowe, one of Pasadena’s most distinguished carly
citizens, first envisioned a scenic railway (o the
summit of the San Gabriel Mountains. A man of
imagination, enterprise, and considerable personal
wealth, Lowe was singularly well equipped (o trans-
late his daring idea into reality. He lost no time in
obtaining preliminary surveys of several possible
routes for ascending the south-facing scarp of the
range, and he personally scouted most ol this rugged
country on [oot in 4 search for attractive resorl sites.

A cog railway to Mount Wilson was [lirst pro-
jected, and the Pasadena and Mount Wilson Railway
was duly incorporated in June 1891. When it became
impossible to develop a working agreement with
other interests that already controlled much of the
summit area on Mount Wilson, Lowe and his asso-
ciates changed their objective, and aimed farther
west toward the top of Oak Mountain (later renamed
Mount Lowe). A splendid hotel was to be built in a
wooded glen on the south flank of the mountain,
where there was an abundance of excellent water.
This spot, known as Crystal Spring, lies atan altitude
of about 4,400 It and is 6-1/4 airline mi north-
northeast of the present Caltech campus.

Construction of the railway was started late in
1891 from a connection with the los Angeles Termi-
nal Railway at Lake Avenue and Calaveras Street in
Altadena. At that time the Terminal line was a nar-

row-gage steam-operated route, but it later was elec-
trified. Much of it’s original right-of-way is now
occupied by the Pasadena Branch of the Union Pa-
cific Railway, Laying his light-weight rails (o a 3-
1/2-ft gage, Lowe extended a single-track line north-
ward up Lake Avenue for a distance of nearly amile,
and thence (urned northeastward to angle his way up
the steepest part of the broad alluvial fan toward the
mouth of Rubio Canyon (see Mt. Lowe Quadrangle
of the U.S. Geological Survey). Beyond the apex of
the fan the track was placed along the north-west
wall of the canyon, where several short timber trestles
were erected and thousands of feet of bench were cut
in hard rock, some of the cliffwere so steep thal
members of the drilling and blasting crews had Lo be
suspended at the working faces by means of cables.
The ruling grade of the line was held to 7 percent,
and the terminus, known as Rubio (later as Rubio
Canyon), lay deep within the canyon at a point 1.8
mi from Altadena.

Horse-drawn cars were used during construction
of the Altadena-Rubio line, but these gave way to
open single-truck electric cars, operating on 500
volts d.c., by the time passenger service was begun
in May 1893. Each car seated 35 persons, and there
were many riders at 50 cents for a round trip. In the
meantime work was being pushed ahead on the next,
and most spectacular, segment of the railway. This
was the Great Incline, which ascended a bold spur
on the north side of the canyon. With a minimum
grade of 48 percent and a maximum of 62 percent,
it gained 1,280 ft of altitude in its length of about
2,700 ft between Rubio and Echo Mountain. To
establish a satisfactory grade along a straight line,
one very deep cut and several smaller ones were
excavaled in the granitic rock of the ridge, and a
considerable aggregate length of timber trestles was
built across low points in the route. The final grade
was broadly convex upward, a desirable feature for
obvious reasons.

Equipment and supplies were hauled by rail to
Rubio, and thence were wrestled up the incline by
block and tackle, by burro train, and by back-pack-
ing on the part of the workers themselves. By the end
of 1892 a heavy construction cable had been snaked
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up the incline, and thereafier the work became much
less difficult. Heavy timbers, poles, lies, and rails
first were pulled into place on rollers, and later, as
an increasing length of tract was installed, they were
hauled upward on wheeled sleds. Still later, machin-
ery for the powerhouse was pulled to the top of the
mcline. Water was hauled by burros and mules from
the stream in Rubio Canyon during early stages of
the construction, and subsequently was brought down
from Crystal Spring by a pack train of 36 burros.

After 18 months of hard work, the incline was
opened for regular service with considerable cere-
mony on July 4, 1893. The tracks consisted of three
rails, each weighing 20 Ib 10 the yard. The center rail
was used jointly for uphill and downhill traffic, but
gave way o two separated rails al an aulomatic
turnout halfway up the incline. All rails rested on
longitudinal stringers that were framed into the ties
1o prevent creeping. Two litlle “opera seat™ cars, the
Echo and the Rubio, were permanently attached 1o
the endless pulling cable, which was 1-1/2 in. in
diameter and was tested for 100 tons in tension. The
load of cars, passengers, baggage, and cquipment
reportedly was never greater than S tons. As a safety
measure, a heavier stationary cable ran through auto-
matic clutches underncath the cars, an arrangement
designed to hold the cars at any given spol in case
of an accident involving the pulling cable or its
mechanism.

The powerhouse at Echo Mountain really was
something for those days. To quote from one pub-
lished account, “The machinery consisted of a 100
horse-power motor capable of standing an overload
of 25 percent and which made 500 revolutions per
minute. This speed was reduced by a serics of gears
and pinions, so that when it reached the grip sheaves
through which the endless cable ran, it was reduced
10 13 revolutions per minute. This huge wheel was
9 ftin diameter, and attached to it were 72 automatic
grips, so arranged that 45 of them were gripping at
the same time. By this means the wearing of the
cable was reduced 10 a minimum. Tt was not strained
or chafed by the constant operation of a grip as on
the San Francisco cables. The cable was controlled

by one of the most powerful friction brakes manu-
factured. Other automatic devices were attached to
the machinery, one being the speed regulator, which
stopped a car automatically should the car run above
a certain set speed or should the engineer fail to stop
the car at the proper place. The engineer on top of
Echo Mountain had a miniature railway in front of
him so that he could tell the exact location of the cars
and the grade they might be on. These, together with
the extra safety cable, were among the reasons why
no accidents occurred on this section of the *"Mount
Lowe Line'."

The molor for the cable railway operated on 500
volts d.c. Electricity first was generated in Altadena
by means of gasoline-powered engines, and shortly
thereafter it was obtained from two small hydro-
electric installations in Rubio Canyon. Later on, gas
was piped all the way 1o Echo Mountain (Professor
Lowe just happened to own a gas works in Pasad-
¢na), where il was used in part to generate power for
the ¢lectric motor at the head of the incline.

Here was an amazing accomplishment, but more
was to come, Three hotels were compleled or under
construction by the time the incline was pul in serv-
ice, and the Alpine division was yel to be built from
Echo Mountain to Crystal Spring. A long series of
almost unbelievable physical disasters was still in
the future. As for Professor Lowe himself, he sailed
suavely through the financial panic of 1893 and soon
was hailed as southern California’s outstanding
citizen—yet he was to lose control of his remarkable
railway only 3 years later.

Unwanted Ads (sic!)

Available! To lecture on geology from Pliny the
Elder to Hussod! Artistic rates. Will perform cigaret
tricks during lecture at no extra cost. Apply-Jerry
Iceberg, 268 Arms Hall.

For sale! 2000 Haband specials. Slighly used. Many
damaged by water-bombs. Reasonable! Apply-Dick
Jahns, 210 Mudd Hall.
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RESIDENTIAL ILLS
in the Heartbreak Hills of Southern California

The houvse shuddered slightly to the tune of creak-
ing joists and a low background rumble that Earnest
Winner, half-rising from his comfortable pillow, fuz-
zily identified with a maodest earthquake. A mumbled
comment to his wilfe, a few muscular twitches after
reassiming a horizontal position, and he was again
asleep. Presumably his rest was a pleasant and un-
troubled one, for Mr. Winner was yet unaware that
he had become a serious loser.

Early the next moming, his young son burst ex-
citedly into the bedioom, shrilling, "Daddy, Daddy,
the garage is gone!” And this disquieting message
proved to be quite accurate. as the almost-new garage
and its contents, including the family automohile,
two bicveles, and a bheloved assemblage of power
tools, had indeed vanished from sight of the house—
along with the rearward one-third of the entire lot.

What had appeared the previous afternoon as an
irregular “settling crack” that traversed the back lawn
and garden was now the ragged edge of a sheer drop-
off, ut which the remaining segment of the driveway
terminated absurdly, One can imaging My, Winner's
emations when he looked over the edge and saw that
he had lost a substantial part of his property to the
deep canvon lving behind it. The missing part of his
backyard now formed an oneven bench part wav
down the canyon wall. There. tilted at crazy angles
about 30 feet below him, rested the dislocated ele-
ments of his garuge. One heudlight of his car seemed
to peer ingquiringly at him through the wreckage:

The unhappy Winner didnt know that his con-
tribution fo the canvon was merely the latest of many
in this small part of the Pacific Palisades district,
not & few of the slides having occurred during the

by Richard H. Jahns
Professor of Geology

vears since settlement of the Greater Los Angeles
ared began to expand in this direction. He was soon
to find ont, though, that some of his neighbors had
been suffering even more serious losses from succes-
sive slides nibbling away at their properties. He also
was to discover that several lots, including his own,
had been occupied by houses at least once before!
Fissuring, settling, and gross migration of the ground
had damaged these structures and had withdrawn so
much support from beneath them that they had been
eondemned as unsafe for further oceupancy. All had
been removed, down to the last shingle and stud, then
the lots had been regraded and sold to the next per-
sons desiring @ fine view of the Pacific Ocean. These
transactions, of course, were unuceompunied by per-
tinent comments on recent geologie history,

This is where Mr. Winner had come in. Now, as he
contemplates his persomal disaster, he wonders why
he wasn't made aware of what he tardily recognizes
as obvious. Possibly he also is thinking in terms of
whom he can sne, for what, and on what grounds.

Meanwhile, Mr. and Mrs. Purdy Gesser have just
reached an agonizing decision us to the disposition of
their modern hame in the Portuguese Bend area of
the Pulos Verdes Hills, They reflect, as they look
through their enormous picture window across moon-
lit waters towards the dark silhouette of Catalina
Ldland, that this is their “dream house.” built to their
own plans at a lovely spot of their own choosing.
They recall how they had “thought of evervthing”—
an area with mild climate and relative freedom from
smog, a quiet, pleasant neighborhood within easy
driving distance of schools, charcl, shopping centers,
and Purdy's office, a large view lot with all utilities

Publications of the Dicision of Goological Sciences, Contribution No. 911
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available, and a fine home that they could afford
through careful menagement of their resources. But
now., alter less than three years, the picture window
ig hadly crucked, the walls and foors are buckled,
the patio and adjacent ground are warped and rup-
tured, and the kitehen and living room are held six
feot ibove the sagging foundation by enormous jacks.
The house is a split-level structare, though it wasn't
built thit way!

Twa years ago the Gessers, along with many neigh-
boring Fumilies, had begun to réalize that something
was terribly wrong, Doors thut had been sticking no
longer could be closed, tiny cracks in the walls had
become inch-wide gaps, the roof had developed a
dozen unaceountable leaks, and water and gas pipes
had been broken several times, generally at points of
minimal accessibility. Ston the word was out—the
Gesser home was ong of many built on an enormous
Lundslide mass, a mass that, somehow reactivated, was
now moving slowly toward the nearby sea. 1t didn’t
help to learn that geologists had long ago recognized
and described the arca ws one of ancient landsliding,
and that this particular slide was discussed in several
public reports readily available to the public.

"When will the movement stop? Will it stop in time
for us to save our home?” These questions were asked
again and again by the Gessors as they clung to living
in a wracked house that was disintegrating a bit more
each day. Having gone completely throngh the emo-
tional wringer, they finally supply their own answer:
“Not soon enough.” They will salvage what furniture,
fixtures, and materials they can, and will make a
tresh sturt somewhere else. However. any start on o
new hame must be deferred, perhaps for many years.
The fnancial loss must be recouped, as insurance
barely will cover the costs of moving, demolition, and
storage of possessions, and the intrinsie value of the
ground itsell is understandably limited.

The location of Heartbreak Hills

The Winners and the Gessers are just two families

among thousands who have taken up residence in the

Hearthreak Hills of southern California, and their

personal tragedies constitute a small sample of what
has happened or is likelv to happen to those others
who have not given appropriate thought to the
ground on which they live. But what and where are
the Heartbreak Hills? This fgurative name can be
given o those areas of irregulur terrain in which
problems of stability ¢onfront the developer of build-
ing sites; such problems include elements of surface
erosion and deposition, undesirable settling, and mass
movements of material, acting either singly or in
some combination, slowly or rapidly, and on a small
or large scale. It should be added that flat ground
itself is no gnarantee of complete stability, as the
foundation engineer can testify,

Heartbreak Hills are present in most areas of the

world, and numerous situstions justifying such identi-
ficittion could be cited for nearly every major urban
locale: However, the name can he propetly applied
only to specilie parts of these areas, and such geolog-
ically unfavorable puarts generally are small. Thus
unsafe foundation conditions begat of landsliding
are restricted to loci! portions of the Pacific Palisades
ared, just as most of the Palos Verdes Hills and even
snme of the Portuguese Bend arca itself ure geologic
ally safe for the homesite development. On the other
hand, these are only two of many areas in southern
California where significant geological hazards have
been recommized.

The fundamental problem

The tundamental problem is one of distinguishing
the naturally safe from the natorally unsafe locality,
and of identifying the naturally safe locality that can
be made wnsafe through the actions of man. Often
the problem is easily solved, but at times it involves
the interpretation of complex geological relationships
thit challenge the most competent investigator. The
general situation in southern California hus been out-
lined by one geologist as follows: “The highly variod
topography and climute of the region, together with
the complexity ol its rocks and their structure, form
a background af physical factors that cannot be ig-
nored in the development of this region by man. Some
of these factors are related directly to floods, earth-
quakes, mass movement of ground, and other recur-
ring events over which man has little fundamenta!
control, and' others are developed by some of man's
own activities: Failure to anticipate or properly to
evaluate these factors during past development of the
region has led to unfortunate, and at times disastrons,
consequences , . . Only during recent vears has there
heen widespread recognition of the need for careful
genlogic appraisal of engineering problems in south-
ern Califormia, Normal study of the positive fuctors
in location and design of huildings, dums, aqueducts,
and other structures, for example. is now being sup-
plemented by consideration of the nature and move-
ment of solid and liquid materials in the subsurface,
the position and hehavior of active faults in the aren,
the movement of surfuce water in the area during
previous centuries, and other features that are likely
to have significant long-term effects”

The burgeoning population of southern California,
especially during the past two decades, has revenled
in varions painful ways the loeations of mote and
more Heartbreak Hills, Nearly six million persans
now reside in the Greater Los Angeles area alone.
and corrent predictions are focusing upon ten million
persons: by 1980. As settlement has spread for muny
square miles aeross the basin and valley areas (sce p.
15]), increasing nuinbers of people abmost literally
have been driven into the intervening and surround-
ing hills. Hillside living has real advantages, too. The
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higher areas offer the last availuble residential sites
within reasonable distances of major employment
centers, ‘and they make it possible for familics to live
away from the congestiom, noises, odars, and other
abjectionable feahires of metropolitan districts. They
ulso provide excellent views for the home owners,
and the topographic irregularities broaden the possi-
bilities  for architectural expression in the homes
themselves,

For decades southern Californians, while making
jokes about their well-known dry rivers and arroyos,
have built many of their homes across and within
these obvious lines of drainage, evidently on the naive
assumption that surface waters nevermore would put
in an appearance. That this approach lacks certain
clements of wisdom has been demonstrated in foree-
ful ways by several floods. The extraordinary New
Year’s Day Aood of 1934, for exwmple. ravished the
valley oceupied by La Cuafada, La Crescenta, Mont-
rose, and Tujunga, smashing or undercutting some
homes and filling many others with coarse debris.
Even more impressive was the havoe wrought by the
greit flood of March 1938, especially in the San Fer-
nando Valley area. Here extensive settlement during
the 20% and 30 had superimposed entire commun-
ities upon the natural pattern of drainige, and num-
erous channels had been modified or even eliminated
by artificial fills without adequate provision for fu-
ture mmoff. Flood waters spread widely across the
vallev [loor, scouring deep gullies in streets and yards,
destroving many structures, and depositing thick ac-
enmulitions of gravelly muek over large areas.

Flood-control installations

Some storms in southern California bring several
inches of rain within periods of an hour or less, and
twenty inches in twenty-Tour hours has been recorded
more than once in the mounfain areas. Most of these
storms oceur during the winter months, when the
ground already is saturated or nearly sp, and the
problems of runoff are complicated in the lowland
areas by a steadily expanding blunket of pavement.
buildings, and other impervious works of man. For-
tunutely, many of these arveas in the coastal recion ure
now protected by flood-control installations of various
kinds, but it may he several decades before such
works are widely introduced elsewhere in southern
California, especially in communities where more
realistie homesite and grading regulations are needed.

Man has been surprisingly slugeish in extending
the lessons of lowland drainage to the hillside areas,
where topography accentuates the potential dangers
to residential structures. During the period since
World War 11, heavy earth-moving  equipment has
heen widely used in reshaping the landscape for de-
velopment of residentia]l sites in the Santa Monica
Mountains, the foothill fringe of the San Gabriel
Mountains, the Puente und San Jose Hills, and many

F‘ -

Population growth in Greater Los Angeles. Top, a
moonlight view of Pasadeny and Los Angeles in 1908,
Bottom, essentially the same area in 1950

other parts of the Creater Los Angeles area, Ridges
and slopes have been notched with little regard for
the nature of the materials removed or newly exposed
in the euts, and canyon bottoms have been filled to
provide additional sites for homes and other struc-
tures. Disaster has been inevitable,

The lheavy raing of January and March 1952 sent
tremendous volurnes of water down the bare surfaces
ol raw ents and fills, gullying them deeply und mov-
ing huge quantities of muck and debris around and
into homes and streets, so that many recently opened
hillside tracts appeared as “seas of mud.” What man
had done to modify the terrain was vigoronsly ex-
tended by nature. In many places, temporary remedial
measures merely aggravated the situation, as damag-
ing runoff from subsequent storms was diverted to
ather vulnerable targets. Even those canyon dwellers
who Iind reluxed in the assumed proteetion of debris-
cullecting basins that had been developed up-drainage

from them found that their safety was transitory.

Muny of the basins were quickly flled to capacity
with solid muatter, which eliminuted thieir protective
function.

Uncontrolled flow of water does [ar more than
sconr the surface in one place and deposit objection-
able debris in another. When it enters the subsurface,
especially in and near fresh euts and lopse masses of
Gl it can contribute forcefully to gross instability of
the ground. Not only does it add weight and pressure
as a pore-filling fluid, but it can seriouslv weaken the
ground through lubrication of potential slippage sur-
faces and the scouring away of interstitin] fine-grained
matter. Tts effects upon the volume, plasticity, and
other eharacteristics of ¢lny minerals can be disagres-
ably significant. Thus it has been a major factor in
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most types of ground failure. The exact subsurlace
paths of water cireulation often are difficult to estab-
lish, but it generally is possible to prediet the gross
effects of artificial cutting or filling.

Many homes have been damaged by essentially
loeal settling of the foundation materials, in amounts
ranging from an inch to several fect. Often this is
attributable to the placing of B on natural slopes
from which neither existing vegetation nor soft soils
were temoved; these natural unconsolidated materials
tend to promote settling and slippage beneath the fill.
The excavation of some cuts hias exposed avenues of

natural gronndwater drainage, so that seeps have

appeared in the ent faces. Not only do such seeps
have undesitable effects upon lawns, gardens, and
the fonndations of structures, but the water commonly
migrites downward beneath the structures and lubri-
cates potentinl surfaces of slip in the underlyving bed-
rock, All too often, one elfect triggers off another,

Homes in some hillside areas have been erected
upon soft, unconsolidated materials that wre quite

unithle to bear the additional load, Downslope migra-
tion is the inevitable result. Although southern Cali-
fornians have learned to live with earthquakes and
have made admirable progress in the construetion of
earthguake-resistant buildings, they have given little
thought to the intrinsic stubility of the soft ground
upon which many of them have built their homes.
Nor, in general, have they considered the possible
tricgering effects of euarthquakes uwpon subsidence
and lateral movements of such ground.

By far the most spectacnliar examples of mass move-
ment in southern California are landslides that involve
large hodies of bedrock: Althongh specific conditions
vary from one ocenrrence to another, all these slides

Settlement of coustal
terraces in the Pocific
Palisades area, 1946,
Large landslide masses (X)
face the ocean. and a
steep-walled cut (€)
exposes old slide debris,

can be dseribed to an unfavorable relationship be-
tween steepness of slope and inherent strength of the
rocks beneath the slope. On this score, the most
troniblespme rocks in the Greater Los Angeles area are
siltstones and sandstones whose shaly structure per-
mits slippage along their surfaces of stratification.
Many other kinds of rocks also are liable to sliding
where they are soft or are weakened by the presence
of numerous bedding planes, fractures, faults, or
other structural discontinnities.

On Octaber 28, 1937, surface eracks were observed
on the hillside above Riverside Drive, not far from
the Los Angeles Civie Center, and soon it became
apparent that a huge section of the hill was slowly
moving downward toward the nearby Los Angeles
River: On November 26 more than a million tons of
soil and rock suddenly moved downward, covering
Riverside Drive und seriously damaging buildings
and utility lines. About half a million dollars was ex-
pended in removing the slide material wnd in making
major repairs. The event made interesting news, but
to most persons it was only a temporary nuisance that
soon was forgotten.

Some vears ago the old lighway between EI Monte
and Pomona was coversd by a slide mass on Kellogg
Hill. Study of this mass showed that its removal
probably would do little more than make room for
additional material poised higher on the slape, so
highway enginesrs relocuted the road around the toe
of the slide.

The Pacific Palisades area recently has hecome well
known for its lurge slides, although geological evi-
dence indicates that sliding has ocenmred again and
again in this loeality for thousands of years. As shown
above, human settlement has extended over a broad,
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Landslide mass covering
US. Highway 101 in the
Pacific Palisades area,
March 1935, Note that
somewhat carlier sliding
has concealed the cut (C)
shawn on the page
opposite,

terrace-like area that is gashed by several deep; steop-

willed canyons and is bounded on one side by a high

ser cliff. This surface is nnderlain by sands and gravels
whose strutification is essentially horizontul. These
materials are relatively stable, and in the eastern part
of the srea. where they are very thick and form the
entire sea cliff, little major landsliding has tuken place
during the past century. In the western (or left-hand )

part of the area shown on page 16, the sunds and

gravels form a rather thin veneer over older and
weaker shuly rocks. These rocks lave been tilted and
folded, and along much of the ocean front, where their
bedding planes dip at moderate angles toward the
beach, slippage has been promoted by water intro-
duced through the overlving pervious sands and grav-
els, and also by wave erosion that has removed sup-
port from the base of the sea clifl. The natural erosion
by wave action has been largely eliminated through

the development of heaches and the construction of

embuankments along US. Highway 101, but man has
inereased thie contributions of water to the structur-
ally weak shaly rocks, chiefly through the irrigation of
hiis lawns and gardens.

Sliding has oceurred at points along the ooean
front and along the sides of tributary canyons wher-
ever the structure of the bedrock is unfavorubly ori-
ented. The crescontic expression of one large slide
can be seen on puge 16; this mass is traversed by the
loops of read extending from the edge of the cliff
downwird to Highway 101, Mass movements have
oceurred repeatedly during recent veuars, the lutest
episode following heavy winter rains in 1958, The
position of this slide and its effect in trimming back
the edge of the sea cliff are shown ubove. To the left
of this mass are several ather. slightly older slides.

Failure in seaward-dipping shaly rocks also has
been responsible for landsliding at Point: Formin, in
the Palos Verdes Hills. Movement of an enormous
mass was first recognized in 1929, and sliding toward
the ocean reached major proportions a little more
than a decade later, The migrating mass is about 1,000
feet long and 50 to 400 feet wide, and its upper sor-
face, originally ubout 100 feet above sen level, is now
depressed 10 to 40 feet boneath the level of the
adjacent ground to which it formerly was attached.
Fortunately, the early movements were sulficiently
slow to permit evacuuation of the area without serions
injury or loss of life. All buildings on the slid block
have been removed, and the fissured surface is now a
W eed—grown no man's land.”

The most spectacular and damaging of southern
California’s recent slides is that in the Portuguese
Bend area. Here a broad, platter-like muss of de-
formed soft shaly rocks has been sliding intermittently
toward the ocean for a long period of time, probably
measured in thousands of vears, The latest episode of
movements, which began in July 1936 and is continu-
ing today, involves only the eastern part of this ancient
slide mass. The moving ground oceopies an area of
nearly 200 acres, on which more than 150 homes rest
in various stages of destruction. The currently active
mass, 100 to' 200 feet thick, is casing itself scaward
over a gently undulating surface of major slippage.
Tt is no accident that this surface conforms in o gen-
erel way to the attitude of stratification in the under-
lving rocks, avd correspouds in goeneral position tothe
ocenrrence of a lubricating layer of altered voleanic
ash. This ash consists largely of clay minerals. It is
soft and slippery when wet, and has been encoun-
tered in mumerous test holes bored through the slide.
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The principal features of the slide mass are shown
on the page oppesite. s curving upper margin is
characterized by a series of fresh scarps and “pull-
away” trenches. Preserved along the walls of these
trenches are grooves and striations that indicate the
downward movement of the migrating ground (see
below). The lateral margins of the active slide mass
are marked by zomes of profound shearing The
castern part of the muass, which has moved farther
than the other parts, is separated from the remainder
of the slide by a shear zone in the vicinity of Por-
tuguese Canvon (see p. 18). Maximum horizontal
movement has amounited to nearly 30 feet. The entire
mass is thoroughily fissured and fractured, like the ice
in a glacigr that is flowing over 4 very uneven bedrock
surface, and it is marked by many struetural compli-
cations, The snout of the slide appears along the sea
coast, in most places as a low ridge of crushed and
broken material in the zone of wave action. Tt is being
thrust upward along stable hedrock that forms the sea

floor (shown at the bottom of page 18) where it is

being attacked by the marine waters.

Duamage to structures in the Portuguese Bend com-
munity hus been so extensive that many of them have
heen condemned for further occupancy. All have heen
wracked to some degree, and severdl have been al-
most literally torm apart by differential movements of
the ground beneath them. An interesting type of fail-
ure has ocenrred near the shoreward end of the pier
at the Portugiese Bend Club, The outer part of this
pier rests upon stable ground, the inner part on the
snout of the slide mass; the resulting compression has
cauged the buckling shown in the photo above. A
large swimining pool near this pier was so severely
fissured by the ground movements that it was replaced
by @ new concrete pool with a plastic liner; despite
subsequent movements of the concrete shell, amount-
ing to several [eet Ineally, the plastie liner held water
satisfactorily until the whole installation was recently
abandoned.

Exposed part of the main slip surface at the head of
the Portuguese Bend slide mass. Note the steeply-in-
clined grooves on ihis otherwise smooth surface.

Coastwise view of the Porfuguese Bend area, Decem-
ber 1956, showing the slide mass in left foreground.
The snout of the mass emerges on the ocean bottom
along the surf'zone between the pier in the foreground
and the white breakers in the right distance. Buckling
of the pier can be seen nzar its shoreward end.

The entire Portuguese Bend scttlement is rapidly
becoming a ghost community, A supplemental tragedy
is the effeet of the lindsliding upon the newly de-
veloped tract immediately to the east, which appears
within the area of curving streets in the middle dis-
tance above, Although these new homes rest upon
stable ground. their proximity to the slide has had
unfortunate effects an current estimates of their value
by the general public,

The basic factors responsible for the present sliding
in the Portuguese Bend area probably arve little dif-
ferent from those prompting similar movements at
this loeality during the geologic past, but it is possible
thit man may have triggered-off the latest movements
in any of several ways. Introduction of water to the
subsurface, as from irvigation and septic tanks, is
particularly sugpect. No vpe cun predict with confi-
dence when the movement will cease, Tt it is almost
cerlain that, once having ceased, it will begin again
af some future time. An interesting eflort to stop the
sliding was made by the County of Los Angeles dur-
ing 1957, when fifteen caissons of reinforced concrete,
each about 4 feet in diameter and 20 feet Jong, were
set in vertical holes bored through the main surface
of slippage from points near the toe of the mass. It
was hoped that these gigantic pins wonld have a hold-
ing effect akin to that of toothpicks in a Denver sand-
wich. But this project failed, owing largely to the
weakness of the slide materials, which fowed arcund
the pins and tilted some of them in the process.

Man's remarkable capacity for troubling himself
has been nowhere more clearly shown than on numer-
ons “dip-slope” hillsides; where the stratification in
the underlving rocks is essentially parallel to the
ground surface, Evacuation of ents at such localities
lias caused much damage, parficularly in the Santa
Monica Mountains and on some of the hills rising
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Three stages in the dynamic development of a “dip
stope” hillside. Top. a bulldozer cut is made. Micddle,
fwo benches liave been completed, and the upper one
i already occupied by a house and pool. Slippage
within the bedrock is beginning to vecur, and cracks
dre appearing on the ground surface. Water, leaking
from the upper swimming pool, is soaking into the
bedrock and promoting further sliding, Bottom, slid-
ing has oceurred on a large scale as nature tries to
reestablish a relatively stable dip slope.

above the broad Los Angeles Plain. At the left is a
typical story in the form of three episodes. Lot pads
are graded in a dip slope, and homes are built on
then. Within @ short time, generally less than five
vears, the beds hegin to move past one another, much
like the slippage within a tilted deck of cards that is
unsupported along its lower edge. As shown in the
middle and lower dingrams, crucks and fissures are
the surface expressions of slip zones at depth, and the
total movement ultimately results in trausfer of
ground from some parts of the properties aund en-
eroachment of enormous slide masses onto other
parts; Hundreds of major failures in the Greater Los
Angeles area can be attributed to this general situn-
ton, It seems plain that cuts should not be developed
in hillsides underlain by rocks lithle to bedding-
slippage, und where the geometric relationships be-
tween surface slope and rock stmicture are essentially
as shown in the upper diagram.

It seems cbyious that man cannot take for granted
the ground he lives on, and that responsibility for
troubles stemming from a careless attitude rarely can
be fixed npon someone else, legally or otherwise. The
geologist has long been aware of stability problems,
although not all geologists have enjoyed uniformly
pleasant experiences with their vwn properties! Geo-
logic relationships in the Hearthreak Hills are now
receiving fuller attention from the engineer, who rec-
ognizes that it is more satisfactory to prevent or avoid
conditions of instability than to desl with their un-
fortunate results after they have oceurred. The re-
sponsible public official, having learned that wise de-
velopment of hillside land can be insured only by
regulation, is continuing to press for grading require-
ments thit are redlistic and broadly applicable. He has
had strong opposition from many quarters, but fortun-
ately has been ahble to tuke advantage of public reac-
tion to several disasters. Thus Gilbert E. Morris, who
heads the Department of Building and Safety of the
City of Los Angeles, was able to put through a force-
ful and effective grading ordinance as a result of the
1952 floods, and thousands of persons already have
beon protected through denial of building permits for
sites where hazardous conditions exist or would have
been ereated through proposed development.

The public itself must become more aware of the
general problem and more sympathetic toward exist-
ing and future regulatory measures, lest the disastrons
effects of instability continue their alarming increases
of the pust deeades, One may well be sincerely sorry
for the individunl vietims—for all the Winners and
all the Gessers—but it ulso is well to note that every-
one ultimately pays the piper in numerous indirect
forms; including incressed tax, insurance, and utility
rates, and, in many instances, lowered propertv values.
All of us, therefore, will have to give more attention
to the matter of keeping our property where it be-
longs if we are to enjoy what amounts to peaceful
coexistence with southern California’s geology.
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THE SHOLUBILTY OF EHYLY ALCOHOL
IN GRANITIC MAGMAS

By LONG JAHNS

(1960, from The Fumerole: Caliecch Geology
Club Magazine, February 1960)

Caltech Editor’s note: The following fragment, writ-
ten in longhand, appeared in our office mysteri-
ously. Since it apparently deals with scholarly re-
search of a high degree of competence, we are
reproducing the deciphered portion exactly.

The following research was undertaken as part of
a long-range program on The Effects of Geolo-
gically Improbable Ligquids on The Behavior of
Magmas and Other Imponderables, carricd out jointly
by Caltech, Penn State, M.I.T., the Geophysical'Lab,
and Alcoholics Anonymous. A variely of scientilic
techniques were employed, including hydrothermal
syntheses, mass spectrometry, and consumption by
undergraduales.

Thish paper deals with the inveshtigation of a rela-
tively shimr simple system, C,H,OH-granite. It is an
outgrowth of a larger program ol inveshtigation on
the system C H.OH-vermouth-grenadine-granite.
Preliminary studies have been carricd out on the
joins C H OH-vermouth (Gray and Flannel, 1954),
vermouth-grenadine (Snarf, 1954), and C.zH,OH-
grenadine (T. Totall, 1956). A larger study of the
system C_H,OH-vermouth-grenadine has been
started, but work on the C,H,OH-rich end-members
is proceeding slowly, due 1o inshibilities in the ap-
paratus, chiefly the experimenters,

The apparatush used in these exshperiments hash
been described previoushly (Jahnsh 1954, 1956,
1957, 1958). The Weshterley granite wash was used
as a natural material. The ethyl alcohol was procured
originally from Abner Yokel of Hog Wallow, West
Virginia, as a byproduct of his inveshtigation of the
system C H,OH-people. After 1956 this source
became unavailable (U.S. vs. Yokel, 1956 Supreme
Court Reviews, State of West Virginia) and other
equivalent material was shubshtituted. No shignifi-
cant changes in reshults were noled as a reshult of
thish change.

It is sheer seen from the phase diagram that firsht
melting in the C;H ,OH-rich end-members produshes
liquids at relatively low temperatures, in the neigh-
borhood of 250¢ K. Shince liquid of thish composi-
tion have never been obsherved ash productsh of
ditfernsiva difeatiysh cryshial sheuling, it ish con-
cluded that magmatic prosheshes do not take place
at this tempersh temprashr  COLDNESSH. For-
mashun of a vpur phs wash noted al temprsh poinis,
whish may have as much as 4 percent granite in
soloshun. This casd exspermental difficultys shince
itasian indnddstiun breathing this vapr phs cause
silicosis of the liver.

Shampling of the phses wash done by oral tesht-
ing, undergraduates beeing priicularllly shensitiv to
varyashuns in compocishun....aszha mattterafack,
we hah shum rel blashtsh in thet H lab...l remmber
the time [ was ding feldwrk in NeWenGInD and T had
thish aahshishtant on the alydad and he wash work-
ing on SunDaY and along cme...

Caltech Editor’s note: At this point, the manuscript
degenerates into an illegible scrawl, Submission of
the succeeding fifteen pages 1o various experts in
Cyrillic, Greek, Sanskril, Etruscan, and Cretan Lin-
car B have produced no [urther information beyond
the lact that the general style bears a vague resem-
blence to certain records of Bacchnalia and Di-
onysian revels. Considering the nature of the subject
maltter in the early (legible) part of the article, we
feel this resemblence is probably coincidental., We
will print further translations and inferences as they
are produced, although, since no Reshetts Rosella
Stone for the style exists, this is apt to be a slow
process. A diagram, capable of interpretation as a
phase diagram, was submitted on the back of
someone’s edited propositions. However, it was
loaned to the Metropolitan Musuem of Modern Art
as part of the Caltech Culture Carnival and was nol
available for publication. We doubt that it would
have helped much anyway.
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GEOLOGIC JEOPARDY
By Richard H. Jahns

(Reprinted with permission for Texas Quarterly,
1968, Vol, XI, No. 2, pp. 69-79).

Not long ago, man was often inclined 1o reflect
with unqualified satisfaction upon his growing record
of accomplishment in competing with nature. But as
he has continued to reshape the terrain, 10 modify
much of its drainage, to extract useful materials from
the subsurface, and 1o control various clements of
his environment on larger and largerscales. it has be-
come less and less clear that so pleasant a view is
justified by the record. Today man is being more
widely recognized as the kind of schizoid competitor
he really is—imaginative, ingenious, resourceful, and
remarkably courageous, but with distressing capaci-
ties for vastly increasing his own numbers, for
enveloping himsell with wastes of many kinds, and
for making serious mistakes in dealing with his
natural surroundings.

As human population has burgeoned and clusiered
during recent decades unpleasant confrontations with
geologic reality have become more frequent and
more challenging. Among the so-called geologic
hazards, or risks, those most commonly encountered
are related to floods, carthquakes, and various kinds
ol unstable ground, and as such they are normal and
widespread manifestations of natural processes op-
erating upon and within the earth’s crust. From time
(o time some of the risks are translated into disasters,
either unavoidably or through the active cooperation
of man; the nature, location, and even the magnitude
of such disasters often can be predicted well in
advance of their occurrence, but the advance dating
of these occurrences is another matter. Intervals
between successive natural catastrophes of the same
kind ordinarily are so great that studies of the geo-
logic and historic records rarely lead to forecasts
sharply enough focused to be useful without supple-
mentary information of other kinds.

A brief sampling of well-documented geologic
risks and disasters from the state of California may
provide some notion of the diversity of problems
that have been recognized. By no means does Cali-
fornia have a corner on such problems, but its greal
variety of geologic materials and features, combined
with major concentrations of population, establishes
it as an excellent testing ground for the basic wisdom

of its occupants. And in few other places are large
numbers of residents confronted by such stimulating
assemblages of natural hazards as those in the Los
Angeles and San Francisco regions, where contrasis
in topography, climate, and geology are especially
prominent.

From California's subsurface come those recur-
ring violent actions known as earthquakes, several
ol which have dealt rather harshly with man and his
works during the period of historic record. These
shocks have originated along faults, or breaks in the
earth’s crust, that represent repeated slippage over
very long spans of lime. Thounsands of faults are
known within the state, and many of them can be
classed as large in terms of their total displacements.
Many of them also are geologically active in the
sense of having moved within the past 10,000 yr, and
more than a [ew have been active in historic time.

The release of energy in the form of a large carth-
quake can be assumed to begin with sudden fault
movement initiated at some depth in the earth’s
crust, and lo conlinue as this slippage is rapidly
propagated in all directions along the fault. Under
appropriate conditions, the displacement may reach
the carth's surface and appear as horizontal, vertical,
or oblique offsets along the trace of the fault. Such
surface faulting also may accompany a relatively
small earthquake if the focus, or point of original
rupture, is sufficiently shallow.

During the San Francisco earthquake of 1906, pre-
dominantly horizontal surface displacement occurred
along perhaps as much as two hundred and seventy
miles of the San Andreas fault, California’s widely
known master break. Maximum observed offset of
reference features such as roads and fences was
nearly twenty feet. Displacements of similar magni-
tude may well have occurred [arther south along the
same fault during the great Fort Tejon earthquake of
1857. Among earthquakes originating in California
and nearby parts of Nevada during the past century,
al least twenty are known Lo have been attended by
measurable surface faulling. The largest offsets
observed in relatively recent years were nineteen
feet (horizontal) with the Imperial Valley earth-
quake of 1940, and twelve feet (horizontal compo-
nent) and fourteen feet (vertical component) with
the Fairview Peak, Nevada, earthquake of 1954,
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Although surface rupture is neither common nor
widespread over periods of human generations, there
is obvious risk in erecting homes or other structures
athwart the most recent traces of past movements
along active faults. Yet this is precisely what has
been done especially along the San Andreas fault
southward from San Francisco and along the San
Andreas and San Jacinto faults in the San Bemardino
area of southern California. Moreover, this kind of
“gamble-in-residence” is being taken more and more
often, and in areas where the positions of active
faulls are well known; it is particularly distressing
to note the number of schools represented among
installations that some day might serve as reference
features for large-scale shear. The gamble might
seem safe enpugh in terms of the odds against losing,
but any loss in this ill-advised game could be a major
disaster. Fortunately, the nature of such risk is being
increasingly noted and appraised for aqueducts, dams,
andother special engineering works, il not for housing
developments.

A more immediate threat to some installations that
extend across fault traces is the slow creep, or pro-
gressive slippage in the apparent absence of earth-
quakes, that is being recognized as currently char-
acleristic of several major breaks in California, These
include the Hayward [ault on the east side of San
Francisco Bay, the Calaveras fault in the vicinity ol
Hollister, and parts of the San Andreas fault for a
distance of about two hundred miles southeastward
from San Francisco, Tunnels, railroad tracks, roads,
fences, culverts, and buildings are being deformed
and displaced where they straddle the narrow strands
of creep, with cumulative offsets generally meas-
ured in inches over periods of years or decades. At
the Almaden-Cienega winery southeast of Hollister,
horizontal slippage along the San Andreas fault
averages more than half an inch per year; the main
building, which evidently lies astride the active fault
trace, has been aptly described as experiencing
“obvious structural distress.”

Returning now to large earthquakes, it should be
emphasized that by far their most widespread effects
upon man are results of severe ground shaking that
accompanies the sudden rupturing along faults. For
a given moment of energy released, the severity of
shaking can vary greatly from one locality to another
according to the interplay of many factors. Perhaps
most important among these is the nature of the
rocks or other foundation materials at the site in
question, as demonstrated by marked variations in

the distribution of damage from individual historic
shocks. In general, shaking is least intense in hard,
firm rocks like granite and gneiss, and most intense
where the energy is coupled into relatively soft and
loose materials like alluvial silts, sands, and gravels,
swamp and lake deposits, and hydraulic fill. The ofl-
used analogy of a block of jello on a vibrating platter
is grossly simplified but nonetheless reasonable, and
assuredly a structure that in effect is buill upon the
jello must be designed to accommodale greater
dynamic stresses if i1 is 10 survive the shaking as
effectively as a comparable structure built apon the
platter.

This focuses principally upon California’s metro-
politan areas, large parts of which are underlain by
relatively soft and poorly consolidated materials,
and it further points up the need for prudent design
of buildings 1o be erected on reclaimed marsh land
or filled portions of lakes and bays. Much of value
has been learned during recent decades in the impaor-
tant field of earthquake-resistant design for struc-
turcs, and a great deal of this knowledge has been
wisely applied in actual construction. Unhappily,
however, it rarely is possible 1o offer more than
broad generalizalions concerning the nature of ground
molion to be expected beneath these structures during
future carthquakes. Relations between the release of
energy at its source and the attendant ground re-
sponse at a given surface localily are incompletely
understood, and pertinent empirical data are still
sketchy at best; thus the engineer with capability for
earthquake-resistant design cannot be readily sup-
plied wits precise design criteria.

A considerahbe sum of recorded observations in-
dicates that strong shaking during past California
earthquakes has found expression in many different
ways. In addition to its widely known effects upon
man-made features, it has led 10 cracking, fissuring,
warping, lurching, and local elevation or depression
ol the ground, (o triggering of slumps, landslides,
avalanches, and debris flows, to shifting of surface
drainage and ground-walter circulation, and to broad-
scale sloshing of lakes and other water bodies. Vari-
ous combinations or these and other abrupt changes
in the norrnal scene doubtless will accompany future
earthquakes that are certain 10 occur; indeed, the
notion that the state is now “overdue” for another
greal earthquake is not without some foundation.

It seems obvious that man cannot take for granted
the ground he occupies, and thal responsibility for
troubles stemming from a careless attitude cannol be
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easily fixed upon someone else, legally or other-
wise, Nor can a defeatist attitude survive under the
growing pressure or population increase, with cor-
ollary expansion or scttlement into arcas where
questions of ground stability must be faced and
answered. Here some real progress already has been
made, especially in the San Franciscoand Los Angeles
regions, as more geologists, engineers, land devel-
opers, and public officials appear (o be asking them-
selves:

Will posterity participate
In chaos we create,

Or will our heirs commemorate
Mistakes we didn't make?

Granting man's limilations in conltrolling certain
important elements of his geologic environment, in
California and elsewhere, at least he is learning that
when he imposes improperly upon nature, nature i8
likely to respond by imposing more seriously upon
him. He has been modifying his approach by seeking
better 10 understand natural processes and more ef-
fectively to apply this understanding in the primary
struggle, which really lies more with himself than
with nature. Nature now can be identified less as the
antagonist than as the arena in which ever-increas-
ing numbers of people are competing with one another
for food, for air and water, for energy, and for space—
there is no other readily available arena, hence this
one needs a bit more respect and care.,

Toward environmenial understanding and improve-
ment, geological scientists and engineers are vigor-
ously investigating many kinds of so-called natural
hazards. Active and potentially active faulls are now
being precisely mapped over large areas, and their
respeclive styles of behavior during the geologic
past are being deciphered via a remarkable variety
of approaches. New data on creep along faults, the
accumulating strain in ground adjacent to faults, and
the behavior of the ground during recent earthquakes
are revealing some instructive and unexpected rela-
tionships. Engineering seismology has fully emerged
as a highly significant field of study, with major
efforts now being devoled to determining the re-
sponse of bedrock terranes and surficial deposits Lo
earthquake shaking, the behavior of buildings and
other structures during earthquakes, and the most

satisfactory types of seismic design for many kinds
of structures.

Prediction of earthquakes no longer seems to be an
objective for some [future century; indeed, at least
one important break-through in this area can be
expected within the coming decade. Soon perhaps
we shall have warning of a few minutes 1o as much
as an hour in advance of strong shocks along two or
three of this country’s most prominent active faults,
a contribution of incalculable value to people if not
to their property. In the meantime, increasing coor-
dination of empirical and basic data and of observa-
tion, experiment, and theoretical analysis can be
expected further toimprove our dealings with floods,
landslides, ground subsidence, and other kinds of
natural hazards. May we look forward 1o the days
when all kinds of ground failure can be forestalled
or reduced in impact, when existing landslides can
be made safe for useful development, when our
buildings and utilities can survive the severest earth-
quake, and when sound programs for disaster insur-
ance can be predicted upon knowledge not yet
available.

The human side of these dealings is even more
complex than the problems posed by nature. The
general public and numerous stewards at all levels
of government have been rapidly awakening to the
existence and scope of geologic jeopardy in ils
numerous forms, with reactions ranging from apathy
to panic, but tending properly to consolidate into
deep concern. The growing record of damage and
death, especially in some thickly populated areas,
has become so compelling that direct responses are
now extending beyond temporary reactions to indi-
vidual disasters. Homeowners and public officials,
scientists and engincers, universities and utilitics,
conservation groups and industrial organizations,
governmenl agencies and legislatures, and increas-
ingly large numbers of individual citizens are dis-
covering that they have a common stake in learning
how better to live with their physical environment,
regardless of their other interests. As more and more
of them come (o recognize the game we all have been
playing in nature’s arcna for so many centuries,
more and more of them will want (0 know what the
score is. Geoscienltists and engineers must be continu-
ingly ready with the answer, however constrained or
unpalatable it might be at any given place or time.
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By RICHARD H. JAHNS

water over short periods of time, and the penetra-
tion of additional large amounts into the sabsurface
over longer periods. Here rainfall is the prime factor
in most parts of California, although the significance
of other kinds of climatie contributions cannot be
denied. For example, more than 600 inches of winter
snow and an appropriate pattern of temperatures in
the Sierra Nevada can lead to disastrous spring
flooding in the Sacramento and San Joaquin Valleys,
as oceurred at least four times between 1880 and
1907. Or combinations of storm waves and extreme-
Iv high tides can result in accelerated erosion and lo-
cal collapse of coastal cliffs, even when no heavy
precipitation is involyed. But such events either
are limited in scope or involve inundation more than
movement of the ground.

How much water may the ground be required to
deal with during periods of extraordinary precipita-
tion? And what kinds of things can happen? The
historic record provides some eyebrow-raising data.
In the winter of 1861-62, a most uncharacteristic
season within a long sequence of near-average to
very dry years, repeated storms doused San Fran-
eisco with nearly 50 inches of rain, and in Los An-
geles the skies leaked withont stopping for a full
month. Adobe structures seemed to dissolve under
the downpours, while on most valley floors build-
ings became islands in huge lakes and then were
heavily pounded by wind-driven waves, Large parts
of the Sacramento and San Joaquin Vallevs were
converted into an enormons inland sea, and the en-
tire state appeared to be drowning as every river,
creek, and dry wash became a torrent of muddy,
debris-laden water, According to contemporary ac-
counts, mud as much as five feet deep was deposited
in the parlors of some Sacramento homes. This must
have been a new sad note for those residents of

more than a century ago, but it has an all-too-famil-
iar ring for many persons now living in the state,

In southern California the shallow Lake Elsinore,
which had been essentially dry during the preced-
ing vear, filled to a depth of at least 30 feat and over-
fowed in 1862, all within a period of little more than
three months. Since that time the lake has gone
through numerous cycles of evaporative shrinkage
and rainfall-nourished expansion, with at least eight
separate episodes of overflow. Some periods of ex-
pansion reflected relatively long wet seasons or sue-
cessions of such seasons, and all of them marked the
occurrence of brief storms characterized by high
intensities of precipitation.

The mountain ranges fringing the broad lowland
area that includes Los Angeles are in a semi-arid
region; yet they have received some remarkable
contributions of moisture from time to time. During
January 1916, for example, 50 to 60 inches of rain
fell over much of the San Gabriel and San Bernar-
dino Mountains, with considerable parts of the
total coming from one three-day storm. Adjacent
lowland areas received 32 to 40 inches during that
same month. The western San Gabriel Mountains
are particularly noted for short-term precipitation
of great intensity, especially on ridges and canyon
walls only short distances from Pasadena and
other cities along the southerly base of the range.
Gauges at Opids Camp, Mt. Wilson, and Hoegees
Camp recorded 21 to nearly 26 inches of rain duy-
ing the three-day period February 28—March 2,
19538 —a moisture dosage that only slightly exceeded
one from a similar storm during the period February
14-16, 1927. And on January 22, 1943, a 24-hour
record of 26.12 inches was established at Hoegees
Camp; during that same day 22.32 inches of rain
fell at Opids Camp, where the winter season’s ac-
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The western San Cabriel Mountains, bordering Pasudena
(center) and heavily settled parts of the San Gabriel Val-
ley, are particularly noted for short-term rainfall of great
intengity. Hoegees and Opids Camps (out of sight at the
hottoms of deep canyons) register record vainfall—26.12
inches during one Z4-hour period in January 1943, and o
winter season's total of 80 inches that same year.

This jossil debris flow, revealed in cross section by a road-
cut near Pala in San Diego County, is a chaotic accumu-
lation of blocks, baulders, tree fragmerits, and stony rubble
—a coarse siurry that debouched from the mouth of a
nearby cangon at least 10,000 years ago.

cumulation nltimately reached 80 inches.

Such overly generous contributions of water are
potent reshapers of the landscape. They form tem-
porary torrents that carve deeply into the steep
mountain slopes and pick np enormous charges of
debris en route to adjacent valley and basin areas.
There uncontrolled parts of the runoff deposit var-
ions assemblages of mud, rubble, boulders, and
trash, commonly in places where they are not wel-
come, Parts of the San Fernando, San Gabriel, and
San Bernardino Valleys were thus devastated by the
great March Flood of 1938, and four years earlier
the La Canada-La Crescenta Valley was invaded

by rushing waters and bouldery slurries during the

New Year’s Day Flood of 1934. The shirries, much
heavier and more slow moving than ordinary flood

M1, Wilson

runoff, filled normal channels of drainage and then
thrust across settled areas as great tongues that en-
gulfed all objects in their paths, They resulted from
cloudburst precipitation—13 inches or more in 24
hours—on adjacent steep mountainsides that had
been denuded of protective vegetation by a forest
fire during the previous fall season, Large debris
flows of this kind have an impressive capacity for
incorporating and transporting boulders, automo-
biles, buildings, and other heavy objects. Though
infrequent and spotty in their occurrence, they have
visited many parts of the state during the recent
geologic past.

- What may have been the most spectacular cloud-
burst in California’s historic record seems to have
attracted relatively little attention at the time, even
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though it oecurred only a few miles from Pasadena.
In the spring of 1926 a week-long storm brought 25
inches of rain to the area centering about San Gab-
riel Peak, with half of the total falling during a ten-
hour period on April 4. At 3:30 a.m. on that day, a
gauge at Opids Camp registered 1.02 inches of rain
in a single minute and another inch during the fol-
lowing two minutes! One result of this extraordinary
downpour was the detachment and removal of
everything that was loose or could be loosened
from the precipitous northerly slopes of the peak.
An unusually coarse debris flow moved downward
to the mouth of a gulch at Opids Camp, where it
came to rest as a rampart-like slug of granitic
boulders and blocks, trees, and finer-grained detyi-
tus—230 feet long, 50 to 75 feet wide, and about 40
feet in maximum thickness.

WATER IN THE GROUND

The surface effects of precipitation and runoff are
invariably accompanied by less obvious penetra-
tion of water into the ground. Much of this water
replenishes any existing deficiencies in the soil, most
significantly in the root zone of the plant cover, and
during extended wet periods snbstantial amounts
may gradually move to deeper levels. But the or-
derly processes of infiltration are too slow to handle
more than a small fraction of the precipitation from
heavy storms. When such precipitation is especially
intense, the destructive behavior of runoff can be
worsened, rather than eased, by contributions of
water angmenting the moisture already present in
the shallow subsurface.

Here the recipe for prompt and widespread dis-
aster in populated areas calls for steep slopes, an
underlying few feet of soil or other relatively loose
and uncompacted materials, and a minimum of sur-
face stabilization from deeply rooted plants. Add
very large amounts of water in very short periods
of time, and the real action begins. Some of the
water soaks into the mantling materials of the slope,
where it both reduces their eohesiveness and in-
creases their gross weight. Meanwhile, vigorous
surface riumoff cuts small gullies into the slope, eéspe-
cially where provisions for drainage have failed to
prevent undesirable concentrations of flow. Soon
parts of the scored slope are progressively loosened
and detached as irregular patches, a few square
feet to several acres in extent, that then move down-
hill. Typically they are broken and internally stirred
during this descent, arriving at the foot of the slope
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as mobile slurries or accumulating there as thick
masses of incoherent debris.

This scenario repeatedly has been translated in-
to reality, especially at localities where man has
maodified the natural topography without sufficient
note of possible consequences. Unhappy endings
have oceurred most often in the San Franeisco, Los
Angeles, and San Diego regions during the past 25
vears of increasingly intensive settlement in hill-
side areas. It does not follow that catastrophes must
attend grading of the land on any scale, but cer-
tainly the development of raw cuts in weak ground,
emplacement of Il without proper compaction,
and loading of soft slope materials with heavy,
shallow-rooted plants will not contribute to long-
term safety. Though widespread in their oecur-
rence during periods of exceptionally intense rain-
fall, slope failures of the shallow or “skin” type are
rarely large. Yet a home clogged with debris rep-
resenting a fresh scar on an adjoining slope is
nothing less than tragedy for the owner.

Equally wide ranging are many kinds of surficial
[ailiures in the hills and mountains beyond centers
of population, These are nonetheless of real signifi-
cance to the publie, as they can add enormous
amounts of debris to storm runoff that gathers in
canyons and invades settled valley areas below.
This lesson was offered rather violeutly to southern
California residents in 1811, 1525, 1884, 1890, 1914,
1916, 1934, 1938, and 1943—each sncceeding time to
increased numbers of them, Indeed, it is recognition
af the potential impact of future catastrophic floods
on a burgeoning population aud on correspondingly
expanded areas of valuable property that has nu-
merous geologists, engineers, and public stewards
glancing uneasily back over their shoulders. To
keep pace with growing requirements is a formi-
dable challenge for an already sophisticated pro-
aram of Nood-control installations,

In contrast to the effects of uncontrolled runoff
and shallow soaking of the gronnd are mumerous
larger slumps and landslides that have plagued
Californians again and again, Most of these failures
have involved masses of relatively weak or easily
detached bedrack that have moved outward and
downward on slopes in response to gravity. Trigger-
ing of displacement from positions of equilibrivm,
whether occurring once or many times at a given
locality, can be variously aseribed to several factors,
acting either singly or in some combination, Among
these are earthquake shaking, selective overloading
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of the ground, removal of support from downslope
areas, and increases in amounit of subsurface water.
Here man often has revealed himself as a disagree-
ably effective imitator and competitor of nature, for
he has triggered many slides throngh his own re-
shaping of the terrain and his introduction of water
into the ground as loeal concentrations.

The historic record clearly indicates that natu-
rally introduced water can be the most important
prompter of large-scale ground failure. Such failure
may closely follow single storms, éspecially where
attendant, severe runofl removes the toes from exist-
ing landslide masses that occupy steep canvon
walls. The Eel and Russian Rivers in northern Cali-
fornia, for example, have thus triggered numerous
large slides at times when they were at very high
flood stages, More often, however, landslide move-
ments are delayed by days, weeks, or even months
following episodes of unusually heavy precipita-
tion, and a few have followed series of successively
wet years. Such irregularities in lag times can be
aseribed mainly to differences in the patterns of
precipitation, the rates at which water infiltyates
the subsurface and raises groundwater levels, and
the various interactions between water and the sub-
surface materials. Detailed relationships among
these factors are well understoad for relatively few
of the known landslides in California,

The extraordinary storm of 1938 immediately
activated many earthflows in the Ventura area, and
with only a little delay guickened the movements
of large landslides that had been causing extensive
damage to wells.and other installations in the Ven-
tura Avenue Oilfield for more than a decade, The
weight of the added water must have been an im-
portant factor in this early response, but more than
two months later a much greater movement was
triggered in ane of the slides by a fairly small exca-
vation at its base. A similarly delicate state of near-
equilibrium evidently now exists in the large Portu-
gnese Bend landslide near Los Angeles, where slow
movement has been continnous during the past
12 years, Here strain-gauge readings have shown
that a few inches of rain from a single storm is suf-
ficient immediately to double the rate of movement,
evidently from the added inerement of weight.

An interesting contrast in timing is provided by
i large compound landslide mass in Portola Valley,
south of San Francisco, that was originally formed
in 1590, Precipitation during the winter of 1889-90
was exceptionally heavy, but it came late in a ten-

year period of excess rainfall and hence probably
aungmented a subsurface accumulation that already
was near-critical for massive ground failure at this
locality. Various parts of the slide complex have
been reactivated in subsequent years, most recently
in 1967 (right ). Additional examples of large bed-
rock landslides whose initial movements followed
series of severe rainstorms or series of unusually wet
vears are known elsewhere in the San Francisco Bay
region, in the Palos Verdes, San Joaquin, and Puente
Hills of the Los Angeles region, and in other coastal
parts of the state.

YESTERDAY AND TOMORBROW

That ground-moving weather has been a recur-
ring and highly important element of life in Cali-
fornia is a matter of historic record, and there is
every reason to believe that it will revisit us from
time to time in the future. But when, and how often?
Granting that our period of direct ohservation has
heen all too short and that rainfall records during
this period seemingly were made only to be broken
later on, what trends or patterns can he reasonably
projected into the next few decades? Here it is use-
ful to look again at the past.

During Late Pleistocene times, dating back from
about 10,000 vears ago, California’s climate was
considerably wetter than it has been since. Doubt-
less it was no aceident that these were times of vig-
orous and widespread Hooding and landsliding in
the state, and tens of thousands of shallow topo-
graphic benches in the hills and mountains mark
sites: of ancient ground failure. Many of these
henches are now occupied by dwellings, and it is
fortunate that relatively few of the landslides have
been reactivated diring poest-Pleistocene time.
Quite apart [rom trends in the frequency of strong
earthquakes, it can be suggested that the ground
surface has been somewhat less mobile during the
past few millenia than it was earlier. But these mere
fragments of geologic time are still much too long
to be useful for our present purposes.

Detailed ¢limatic records extending back a lit-
tle more than a century plainly reveal a cyelic pat-
tern in the temporal distribution of California’s rain-
fall. Sequences of relatively wet years have alter-
nated with sequences of much drier ones, and the
trends of accumulating rainfall surplus or deficiency
have been interrupted only now and then by in-
dividual years of countering dryness or wetness.
Moreover, this pattern of reciuring wet and dry
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periods evidently has characterized the climate of

the state for a period of time far longer than that

embraced by our measnrements of precipitation.
The late Edmund Schulman and his colleagues

This small landslide, which oceurred in Portola Valley
San Mateo County in the spring of 1967, was a reactivated
portion of a much larger landstide complex that originally
developed in 1890 following several years of exceptionally
heavy rainfall.

The San Gabriel Vailey and Puente Hills as they appeared
in 1918 through a telephoto lens from Mt, Wilson. Many
parts of these hills are underlain by soft, shaly rocks, and
portions of their somewhat dimpled topography reflect
the presence of numerpus natural landslides—a situation
that reveals u challenge for the thne when residontial end
husiness developments thrust further south and wup into
the hills. (The old Balloon School in Arcadia is in the fore-
ground, and its students seem to be involved in field work
nearby. )

at the University of Arizona’s Laboratory of Tree-
Ring Research devoted years of careful study
toward determining a centuries-long chronology of
climatic changes in southwestern United States.
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Some results of their work on moisture-sensitive
conifers in the lower forest zones of California show
some impressive similarities among growth patterns
for different species of trees from widely separated
localities. Particularly striking are correlations of
growth patterns that are thought to reflect major
shifts in trends of precipitation.

Schulman also turned his attention to some ex-
ceptionally long-lived conifers of upper timberline
areas, and, since his death in 1938, this work has
been continued by C. W. Ferguson and others at
the University of Arizona. A 7.100-year tree-ring
chronology has been developed for the Bristlecone
pine in the White Mountains of east-central Cali-
fornia, where a 4,600-ycar record from living trees
has been extended back in time through the addi-
tion of data from long-dead ones. Interpretation of
this composite record can be expected to indicate
the pattern of moisture variations during much of
post-Pleistocene time,

Trends in ring growth of carefully selected trees,
and their close correlation with available climatic
records certainly fortify the notion that California’s
rainfall has been markedly cyclic in its distribution
over many past centuries. During the most recent
five and one-half centuries, the average length of
dry periods has been 16 vears and that of wet peri-
ods 13 years. Respectlive averages of 15 and 12 years
apply to the last three and one-half centuries, when
the eycles appear to have been somewhat more reg-
ular, The latest dry sequence, which began in 1945,
was a relatively long one interrupted by a few vears
of above-average moisture. Yet the record of pre-
ceding climatic cycles foretold a shift to a sequence
of wet years, This shift appears to have occurred
nearly four years ago, but early stages of the new
sequence have been partly masked by one very dry
year (1968) and by another of about average pre-
cipitation. At present we can anticipate a generally
wet period that probably will last at least into the
mid-seventies. It may well include exceptional
storms and ground-moving phenomena reminiscent
of those in 1938 and 1943.

Correlations between rainfall and landslide activ-
ity in California already have been noted, and
the frequency plot (opposite page) reveals the
sensitivity to heavy precipitation that has been
shown by parts of the ground on which we live,
This plot is based upon oecurrences of more than
a thousand natural landslides in coastal parts of the
state between the Eel River and San Diego, as noted

in‘newspapers, journals, and the scientific literature.
It is no more than approximate because neither the
record nor the survey of the record is complete,
but the correlations are nonetheless unmistakable.
There also is some indication that ground failure
has been most vigorous and widespread during
early parts of most wet periods, and that it has
tended to taper off during their later parts. The fre-
quency plot dates from 1810 because available re-
ports on older landsliding are too scattered to be of
statistical value, and it has not been carried much
beyond 1930 because of difficulties in distinguish-
ing wholly natural slides from those prompted in
part by the hand of man.

As a sort of final touch, we can recognize vet
another correlation that carries interesting implica-
tions for our immediate future, Two significant
trends were started almost simultaneously a quarter
of a century ago—one by nature and the other by
man. Just as a long run of wet years gave way to a
period of prevailing deficient moisture that was to
last for two decades, the end of World War 11 ush-
ered in a time of tremendous growth in California’s
population and hillside development. Having mas-
tered powerful new technigques for reshaping the
natural terrain, man now applied them on larger
and larger seales to provide ever increasing num-
bers of building sites above the flatlands. The com-
bined effectiveness of bulldozers, backhoes, scrap-
ers, carryalls, and other heavy earth-moving equip-
ment led to substantial changes in the face of the
land—as work went forward during year after year
of relatively low rainfall. Only with a few heavy
wintertime storms did nature give warnings that the
existing set of climatic ground rules might be
greatly altered for some future series of yvears.

It is fortunate that these oceasional warnings did
not go unheeded by everybody. Rainstorms during
the 1951-52 season inflicted such grave local dam-
age, especially to newly developed properties in
parts of southern California, that the city of Los
Angeles instituted its own set of ground rules for
hillside development. Through the Grading Or-
dinance of 1952, specific requirements that included
input of geologic data were established for certain
kinds of terrain. Partly in response to observed ef-
fects of heavy rains in later vears, these require-
ments were subsequently modified and strength-
ened, especially in the important fields of supervi-
sion and inspection. Other cities and several coun-
ties have followed the good example of Los Angeles
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THE RELATIONSHIP OF NATUHAL LANUSLIDE ACTIVITY TO BAINFALL TRENDS IN PARTS OF CALlronNia, The computer-smoothed
curve for Los Angeles rainfall, as plotted by students at Stanford University, shows cumulative departures from the long-term
anntal mean of about 15 inches. Wet and dry periods are indicated independenitly by the smoothed curve representing
cumtlative departures of annnal tree-ring growth (Bigeone spruce) from a 530-year average. The frequency plot of
landslide activity iy based em historical data for more than 1,000 episedos of natural stiding in coastal areas of the state.

in formulating and enforcing new grading codes,
and it can be hoped that similar regulatory measures
will soon spread with reasonable coordination to all
populous areas in the state.

An upward swing in the cyclic moisture curve in-
escapably promotes higher mobility of the terrain.
In some contrast to events of the past two decades.
increased flood erosion and deposition, further vis-
itations by flowing masses of debris, the appearance
of many new landslides, and some reactivation of
existing ones now can be expected during the next
decade or so. Ground failures are certain to occur
in areas where the hills have been reshaped without
proper attention to topographic and geologic rela-
tionships, and stern tests will be applied to the ef-
fectiveness of grading codes developed during re-
cent vears. New scarring of slopes by gullies and
slumps will reflect the delivery of mud and other
debris to thousands of residential properties, hope-
fully on a relatively small scale for most of them.

Existing works for flood control will be severely
challenged, and immediate needs for additional in-
stallations will become rather apparent. As the
levels of groundwater gradually rise, a host of more
subtle effects may well make an appearance. The
lower parts of some cuts will begin to weep, long-

dry springs will become active again, and clear
streams will grace many canyons that for a long
time have been oceupied by no more than occas-
ional muddy floodwaters, Where large bodies of
relatively impervious fill have been placed in can-
vons without adequate provision for underdrain-
age. water may begin to surface at unlikely places
above the original canyon bottoms. Seeps beneath
homes and in backyards will be among the less
pleasant expressions of modified circuits in move-
ment of the augmented groundwater supply.

Thus we can look forward to some interesting and
even exciting times. In appraising those happenings
that will strike us as most objectionable, we should
appreciate the fact that a great number of more
serious problems undoubtedly will have been fore-
stalled by established food-control meastires and
grading regnlations—elements of regimentation that
too often have elicited grumblings and resentment
from land developers, builders, and the general
public. Further, we should have excellent oppor-
tunities for improving our understanding of the
natural environment, as our attention is perforce
drawn to the message repeatedly communicated by
Caltech’s late John P. Buwalda—"We must never
take for granted this ground on which we live.”
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GEOLOGIC REPORT ON THE PROPOSED
TONNER TUNNELS NOS. 1 & 2

(To the Metropolitan Water District of Southern California, November 25, 1971)

By: R. H. Jahns, V.P. Pentegoff, and
T. F. Thompson

Introduction

The two Tonner Tunnels are in the Puente Hills
and will constitute parts of The Metropolitan Water
District’s Yorba Linda Feeder. Together with con-
necling pipelines they will convey water from the F.
E. Weymouth Plant at La Verne to the R. B. Dicmer
Plant near Yorba Linda.

Tonner Tunnel No. 1 will extend from its north
portal, near the intersection of the Pomona Freeway
and Dudley Street, approximately 4,600 ft south-
ward to a portal in Tonner Canyon, on the Arnold
Ranch property. Tonner Tunnel No. 2 will extend
approximately 18,400 ft southward from a point on
the Boy Scouts of America property in Tonner Can-
yon 1o its south portal in Carbon Canyon, north of
the Robert B. Diemer Filtration Plant. Both tunnels
will have a finished inside diameter of 8 [1.

These tunnels will be driven entirely in sedi-
mentary rocks of the Puente Formation. Tonner
Tunnel No.1 will have more than 200 f1 of cover
except in the portal areas, and maximum cover will
be 390 [t. Maximum cover over Tonner Tunnel No.
2 will be approximately 600 ft. Aside [rom the portal
areas, a minimum cover of approximately 45 ft will
be present where the Tunnel No. 2 alinement ¢crosses
beneath a small unnamed canyon 3,000 ft north of
the south portal. About 150 ft of cover will exist at
the canyon bouom at drill hole D-13T, where the
tunnel changes slope.

The purpose of this report is to provide the District
with geological informution in arriving at an esti-
mate of project cost. The scope and results of the
Districl's exploration program are presented, along
with our opinion of conditions (o be considered in
evaluating tunnel design.

Geologic Investigation and Exploration
Preliminary Investigations and Mapping

This report is based upon field investigations started
in 1966 and upon compilation of geologic data by the
Metropolitan Water District’s geology staff. Pub-
lished information was supplemented by new daia
derived from field mapping, core drilling, open-cul
excavation, surveys of water wells and springs. It
also includes information abstracted from a report
by D. L. Durham and R. F, Yerkes, published in 1964
as USGS Professional Paper 420-B, Geology and Oil
Resources of the Eastern Puente Hills Area, South-
ern California. The geologic data were plotted on
portions of the USGS 7.5-minute San Dimas and
Yorba Linda quadrangles that were enlarged 1o a
scale of one inch equals 1,000 ft.

Borings

From February 1968 to August 1971, 14 NX and
NQ core borings lotaling 4,825 linear ft were drilled
by Continental Drilling Company, Fred Cannon
Company and Boyles Brothers Drilling Company in
the exploration of the tunnel route. These borings
were logged by the District’s geologists and the
detailed logs are appended to this report. In addition,
the logs of four bucket auger holes, drilled at three
portals, are included. The drill cores may be in-
spected at the Geology Office of the Metropolitan
Water District, located at 2100 North Soto Street in
Los Angeles, from 8:00 a.m. (0 4:30 p.m. on regular
working days during the bidding period. Core samples
will be made available for testing by potential bid-
ders.
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Well and Spring Surveys

Periodic readings of water levels have been re-
corded for wells and the District’s exploratory bor-
ings. The flows of four springs in the vicinity of
Tonner Tunnel No. 1 also have been repeatedly
measured. All these records have been card indexed
and correlated with localities plotied on maps.

Trench Near South Portal
of Tonner Tunnel No. 2

During late April 1971, an exploratory trench was
cut near the proposed location for the south portal of
Tonner Tunnel No. 2. The objective of the cut was
1o explore for evidence of faulting during Holocene
(Recent) time along northern reaches of the Whittier
fault zone. The cut is available for inspection.

Excavation of the trench was done with a D-7 Cat-
erpillar tractor working southward down slope. The
cut was made two tractor widths wide and ranged in
depth from 5 to 25 ft. Alluvial material was exposed
in the deepest part near the south end, where it is now
concealed beneath backfill. The slopes are near
vertical, unsupported, and stand well,

The northern end of the trench terminates with a
sharp bend across the face of the break in slope.
Exposed at this break in slope is a recent landslide
thit overlies remnants of an older slide, Here siltstone
and shale have been smeared into a gouge-like ma-
terial that occurs as stringers and lenses with no con-
sistent orientation. The sandstone composing the
slide mass is extremely friable and soft, but contains
some hard calcareous concretions as much as 2 ftin
diameter.

The trench exposure suggests that this part of the
Whilttier fault zone has not been active in suffi-
ciently recent geologic lime (0 have broken the
alluvium or the landslide deposits at this locality,

Geologic Setting

The tunnels will penetrate a thick sequence of
stratified marine sedimentary rocks of the Miocene
Puente Formation. This formation is widely exposed
in the Puente Hills, an elongate uplift bounded on the
south by the Whittier fault and on the northeast by
the Chino fault. In the arca of the tunnels the beds
dip at low 10 moderate angles, and some are cut by
small faults. Landslides are present in the area, but
penetration of landslide debris is expected only at
the south portal of Tunnel No. 2.

Summary Description of Formations

Geologic units of late Miocene and younger ages
are exposed within the limits of the areas shown. (As
a general guide, the following hardness scale is used
in this report:

Hard—very abrasive, dense rock that rings when
struck with a hammer. May be broken with repeated
heavy hammer blows. Grossly equivalent 1o Mohs
hardness > 5.

Moderately hard-rock has dull ring and hammer

produces minor indentations. May be broken with

one sharp blow of hammer. Mohs 3-5.

Moderately sofi—rock is considerably deformed
when struck by hammer. May be broken in the
hands, but does not crumble readily. Mohs 1-3.

Soft-material can be dug out and crumbled with
fingers. Mohs <1.)

Their most pertinent features in these arcas are as
follows:

Allwvium (map symbol Qal)-Holocene (Recent).
Light 1o dark brown, poorly consolidated gravel,
sand, and silt. Thick layers of brown 10 black soil
with shale chips are prominent in cultivated areas.

Fernando Formation (map symbol TT)— Pliocene.
Buff 1o yellow pebble to cobble conglomerate and
sandstone, with thin interbeds of greenish gray mi-
caceous siltstone, The clasts are subrounded to
rounded, and consist mainly of crysialline rocks.
This formation will not be penetrated by the tunnels.

Repetto Formation (map symbol Tr)-Pliocene.
Light greenish gray, thinly bedded to massive mi-
caceous silistone, dark gray where unweathered. This
rock contains numerous bedding-plane faulls and is
moderately jointed. The beds dip steeply, and in
some places they are overturned. The Repetto For-
mation is present on the south side of Telegraph
Canyon, and it is the unit upon which the Robert B.
Diemer Filtration Plant was constructed. It will not
be penetrated by the tunnels.

Puente Formation-Upper Miocene. The Puente
Formation has been divided by carlier investigators
into four members: Sycamore Canyon Member, Yorba
Member, Soquel Member, and the basal La Vida
Member.

Sycamore Canyon Member (map symbol Tpsc).
Brown (o gray pebble conglomerate and arkosic
sandstone with lesser amount of siltstone. The con-
glomerate and sandstone range from soft and friable
tomoderalely hard, depending mainly upon the degree
of cementation. The rock in most outcrops is rip-
pable,
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Yorba Member (map symbol Tpy). Typically thin-
bedded dark brown lo gray siltsione with hackly
fracture. Diatomaceous siltstone also is present, along
with subordinate amounts of medium- to coarse-
grained sandstone. The surface rocks are soft and
rippable. Hard, gray calcarcous concretions occur in
the siltstone,

Soquel Member (map symbol Tps). Upper part is
light gray to buff, medium-grained sandstone and
pebbly conglomerate, with interbedded light gray 1o
bulf siltstone. Numerous large rounded boulders of
granite and other crystalline rocks are present in
some of the conglomerate. The strata range from
hard and well cemented to friable.

Lower part is light gray to buff, thick-bedded to
massive, medium-grained, soft to moderately hard
sandstone that commonly contains hard calcareous
concretions. Some interbeds of silistone also are
present. Where exposed at the surlace, these rocks
are weathered and rippable.

La Vida Member (map symbol Tpl). Gray 10 while
platy siltstone and shale with whilte calcareous con-
cretions, Some sandsione also is present. In outcrops
the strata are sofl 1o moderately hard and most are
rippable. Where fresh and unweathered, much of the
shale is medium gray, dense, hard, and relatively
massive in appearance, Beds of volcanic tuff, locally
altered to bentonite, occur within this member, but
they have not been observed near the tunnel aline-
ment.

Earthquake Conditions

The Tonner Tunnels are in an arca of known
seismicity, but the possibility of a nearby major
carthguake occurring in this area during their useful
life can be regarded as sufficiently remote to be
disregarded in tunnel design. During historic time no
faull displacement or creep has been noted in this
area, although movement along the Whittier fault
may have occurred during Holocene time, i.e., during
approximaltely the past 10,000 years.

Ground-Water Conditions

Water-level measurements in test holes and wells,
as well as surveys of springs, indicate that ground
water is likely to be present, generally in small
amounts, through much of the length of the Tonner
Tunnels, Even small inflows, however, may cause
running conditions in the more poorly cemented
sandstone beds. Substantial quantities of drilling

fluids were lost during the course of the exploratory
work.

Oil and Gas

The first commercial production of oil in the Los
Angeles basin was in 1885 from the Puente oil field,
which is now part of the present Brea-Olinda oil
field. Oil currently is being froduced in this arca
from the Puente and Fernando Formations.

Oil is produced south of Tonner Canyon from the
Sycamore Canyon member of the Puente Forma-
tion, at depths below the proposed tunnels. Oil also
is found in producible quantities in the Soquel and
Yorba members, hence it is not surprising that many
of the District's exploratory borings have shown
traces of oil and gas. Hydrogen sulfide odors were
encountered in D-5T and in an auger hole at the
proposed south portal of Tonner Tunnel No. 2, Some
oil-bearing sirata and accompanying gas should be
encountered in both Tonner Tunnels.

Geologic Conditions Anticipated in the Tunnels
General Statement

The following discussions of anticipated geologic
conditions are based mainly upon the distribution
and nature of rock types and structural features at the
surface and in the shallow subsurface, as determined
or inferred from geologic mapping and the explora-
tory work described earlier in this report. The pre-
dicted general behavior of these materials in the
tunnels is based on previous experience of the Met-
ropolitan Water District and other agencies.

These predictions have been derived mainly from
projection of well-established surface geologic fea-
tures and their geometric relationships. They should
be reasonubly accurate because of the rather shallow
cover over most of the tunnels, but nonetheless they
should not be regarded as complete or detailed.

Tonner Tunnel No. 1

Nearly all of Tonner Tunnel No. 1 will be in the
Soquel member of the Puente Formation. In the
tunnel, this unit can be expected 1o consist of gray
to brown, medium-grained 1o pebbly, arkosic, mod-
erately-hard to hard sandstone with interbedded softer
gray to bulf siltstone and thinly laminated shale.
Some beds of conglomerate containing numerous
large hard boulders also are present, as are intervals
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with large calcareous concretions. A thin bentonite
bed was cored in drill hole D-10T.

The Yorba memberis present near the south portal,
where only a few hundred feet of it will be penetrated
by the tunnel. It is dark brown to very dark gray
siltstone and platy shale with interbedded sandstone.
The bedding trends essentially parallel to the (unnel
alinement, and dips at moderate angles to the south-
east. The attitude of bedding, however, is compli-
cated by many small folds and crenulations.

Small faults will be crossed, but these are expect-
ed to have little effect on the tunnel. Numerous
[ractures and joints are associated with some of the
faults and folds. Exploratory borings for this tunnel
were marked by relatively low core recovery and by
losses of drilling mud.

Several springs are present in the area, but their
yield is small, averaging a few gallons per minute.
Some small domestic wells, drilled in the alluvium,
lic south of the tunnel. Only minor amounis of
ground water are expected 1o be encountered in the
tunnel.

Tonner Tunnel No. 2

The south portal of Tonner Tunnel No. 2 and most
of the tunnel itself will be in the La Vida member of
the Puente Formation. This member, as exposed in
the borings and exploratory trench, is composed of
hard gray platy siltstone and shale (some conchoidal
fracture), along with hard calcareous concretions
and interbeds of soft gray siltstone and sandstone.
Tuff beds, some of them altered 1o bentonile, are
present several miles west of the tunnel, and thin
bentonite beds were cored in several drill holes.
Thicker beds of bentonite were recorded at depths
below the proposed tunnel grade from older explo-
ration holes drilled by oil companies.

The northern part of the tunnel will be in sand-
stones and subordinate siltstones. Hard calcareous
concretions as much as 3 ft in maximum dimension
are present. The sandstones range from soft and
friable to well cemented and hard.

The bedding generally strikes at a sharp angle to
the tunnel alinement and dips gently to the north.
Several small folds will be crossed. Exploratory
borings for this tunnel were marked by relatively
good core recovery but with frequent losses of drill-
ing mud.

The Whittier fault zone will be encountered at the
south portal, and the rocks are expected to be frac-
tured in this area. The fracturing should diminish
north-northward in the tunnel away from the fault.
Two other faults are known near the south portal,
where they have offset and tilted the beds. Such
faults are not expected (o be significant as struciural
barriers to ground waler, as no springs have been
found along their surface traces.

The tunnel will be wet, but no large, sustained
inflows of water should be encountered. All water
wells drilled in the Soquel and La Vida members
have been poor producers, owing to the low per-
meability of the silistone interbeds. Horizontal per-
micability is very high in the thick beds of poorly
cemenied sandstone, but availability of water 10
these beds is restricted by the overlying sequences
of siltstone. I a large inflow is encountered, its
volume can be expected to diminish rapidly with
drainage of the limited reservoir in the overlying
permeable strata.

Some soft sandstone beds may develop a “run-
ning-ground” condition because of their poor ce-
mentation, and some of the siltstone beds also will
become very soft when wet.

Conclusions

All known geologic conditions indicate that con-
struction of Tonner Tunnel No. 1 and Tonner Tunnel
No. 2 is feasible; no major geologic problems are
foreseen,

Some oil-bearing strata and accompanying gas
should be encountered in both Tonner tunnels.

Ground water is likely to be present in limited
amounts through much of the length of each tunnel.
Inflows should not be great.
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APPENDIX

METROPOLITAN WATER DISTRICT

OF SOUTHERN CALIFORNIA

HOLE N® o.1p
SUBSURFACE EXPLORATION LOG |[SHEET.1. 0OF 2

FEATURE: YORBA LINDA FEEDER  HOLE LOGGED 77{ Uchi

PROJECT: TONNER NO, 1 TUNNEL 4170
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PROPERTY OWNER: W. Scott  DEPTH OF HOLE: 420%

GROUND ELEVATION: 1387

DRILLING CIJ\ITRACTOR' Gontlmntal INVERT ELEVATION: .. .990.

Drilling Co... WATER DEPTH & EL:. 329 nn/ll/laf?o

DRILLER: Art Kueser . | DRILLING TIME (HOURS): 21 :

HELPER: Jim Simmons Jr. & Sr. TOTAL RECOVERY: . .. 23

E ‘DR;LLING RATE SIZE OF [CORE :ERIW

S { %EUOHO’:SJ LOG (‘ASIN% R.E:Z, COLOR CEFI;; DESCRIPTION AND REMARKS
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20 H, o a‘: b o cas-

. 925 4 ing ([22'-4202' Puente fm. Weathered to
I ! A N 17527,
40! ]II dale sur-
oy 0200 face|22'-402' Conglomerate, pebbly
:] L5 ‘ sandstone, sandstone, and few thin
60 CRR shales. 'T_an, generally soft and
M| fied | |weakly cemented to occas. hard,

— S ‘ w/fair cementation. Fair to mostly
go] [ | [ poor bedding. Generally sandstone
E ; it A . |readily washed out by drilling

| E fluid and minor cavings thruout.
100 [J ‘ R - \ [No mud returns.
| 2 onln - 3 Occas. bouldery conglomerate,
| e a0 P Y |w/size up to 20" in diameter.

20 Boret O™ §

..... & = Rusty & 402'-1962"' Shale, sandstone, con-
PR tan glomerate, and limestone. Tan and
40 | pRENEII | E Y |[rusty to 1752', Soft to mostly hard}
ORI n ||General good cementation w/lime.
e o= : ||Few bouldery conglomerates w/sizes
160 5o o |lup to 20" in dia. Poor to good bed-
o | |ding, dipping 13° -14° ., Mod. joint}
» |ed and zones of close to fine frac-
80, ‘ —| S |tures. Firm from 1902', except for
™ ||parting of shale.
| No mud returns. Complete loss of

doq] — = - mud from 582',

e Brn 1962'-3298" Mudstone, sandstone, &

201 ‘ e & limestone. Mostly scft to occas.

(= — | light hard. Generally very thin bedded
e gray or laminated. Beds dip 13°-14°.

40! o 20 | S1li. jointed and generally sli. frac-
:_-:_*1 tured. Firm. (Lack of core recovery
si RSl from 2382 to 2782 due to non-seat-

1601 [ T ing of core tube in barrel.)

j‘ == ' No mud returns.
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STMBOLS = B .| Lot ] B excome:iy

sHaLz o NX CORE = 2'a
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THE ROLE OF GEOLOGY IN URBAN
PLANNING AND HOW BEST TO
ENSURE ITS USE

Authors' Note: An insight into Dick’s clear manner
of thinking and expressing himsell may be obtained
by excerpting parts of a Symposium on Engineering
Geology inthe Urban Environment, which was spon-
sored by AEG at the 1969 Annual Meeting in San
Francisco. The proceedings were transcribed and
published (1971) cooperatively by the U. S. Geo-
logical Survey under the title Environmental Plan-
ning and Geology. Dick was moderator for the panel.

Moderator: Richard H. Jahns, Dean,
School of Earth Sciences
Stanford University

Panelists:  James H. Hickey,

Planning Director,

Association of Bay City

Governments,

Berkeley, California

Hon. Alfred E. Alquist, Senator
Sacramento, California

Rosemary Duggin,

Planner,

U.S. Department of Housing and
Urban Development,

San Francisco, California

Karl V. Steinbrugge,
Structural Engineer,
Pacific Fire Rating Bureau,
San Francisco, California

Daniel B. Luten,
Professor of Geography,
University of California,
Berkeley, California

JAHNS: Let's hear briefly from Professor Luten,

LUTEN: I am here today as a substitute for a prac-
ticing conservationist, so I shall speak up for conser-
vation. I could speak against it, for I think it gets
confused at times, but I'd rather speak for it and I
shall.

I spoke recently on population to a seminar of
graduate students at Berkeley who professed con-
cern for the environment. They asked me what they
as economists could do. I suggested the most useful
contribubution they could make would be to work
out the conditions under which an economy with
zero growth could operate. I could see, feel, almost
hear them drop out. Only then did I realize what an
emotional hang-up economists have on growth. 1
find, as a matter of fact, whenever I talk about
conservation with economists, foresters, or engi-
neers that they get so emotional we really can’L carry
on much of a discussion. Geologists, though, have
always been “real cool,” so don't get emotional
about what I have 1o say now.

It’s very simple, and T won’t detail it: You are not
solving problems; yow are part of the disaster. You
are tools of the developers and of a society which is
guided by inerlia, not by foresight.

In the 19th Century it was said that California
would never amount to much because the earth-
quake hazard was 5o great that the region was not
really habitable. However, the State has grown al-
most like clockwork for a century, doubling its
population every 18 years, increasing 32-fold in one
century. We know this rate will not continue be-
cause, if il did so, California would contain a billion
people in another century. Since the same forecast-
ing technique suggests a billion people for all of the
United States, we would have to believe that all
Americans would live in California, which seems
unlikely.

I'have a clipping here, really a profound statement
on planning, by Reinhold Knudsen, the Editor of the
San Juan Record, a small paper of Fair Oaks, Cali-
fornia. It is just as subversive as my own senliments
above. It says, “It was in the year 2000 that John
Kiddem, the last surviving member of the public
relations firm of Hoodwink, Kiddem and Fabricale,
on his deathbed revealed the true story of how Cali-
fornia became the Union’s most peaceful, happy
state. As Kiddem tells it in his own memoirs, il
appears that some time in the late 1960's, a far-
sighted group, recognizing the dangers of over-
population, hired his firm to conduct a program of
negative selling for the state. A secret but ample
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budget was provided with no holds barred. With
pardonable pride, Kiddem then related the actions
which were instituted. First, by adroit behind-the-
scenes work, riots were fomented which ripped the
state, starting with the Walts riot which was nation-
ally publicized by television. Next, because Lhe state
attracted many students, a successful campaign was
launched to raise tuition and fees. When this ap-
peared too slow, riots in schools were instigated.
School budgets were pared. Third, Ronald Reagan
was elected governor and promptly instituted a hard
line on medical care and welfare which discouraged
immigration of low-income people.” (By the way,
California’s growth rate has fallen dramatically in
the last 3 or 4 years and is now little higher than that
of the nation as a whole.) “Fourth, the State Highway
Division cooperated by running huge freeways
through subdivisions or tourist attractions such as
redwood farests. Other roads were lined with sign-
boards to hide the scenery. All advocates of beauti-
fication projects were cither suppressed or bought
off. Fifth, a massive publicity campaign was waged
on the growing smog menace, with emphasis on
smog deaths. Sixth, disasters. Kiddem would not
admit that the great Bel Air Canyon fires were
actually set or that the Baldwin Dam failure was
contrived: Seventh, much was made of immorality
and licentiousness. ‘Haight-Ashbury was all my
thing," said Kidden, ‘Wasn't it great?’ The masler
stroke was accomplished with the great earthquake
scare of 1969, when an authoritative book was pub-
lished saying that the state was certain to split in half.
Despite this, California’s beautiful coastline con-
tinued to attract immigrants until a skin diver was
hired to quictly uncork an oil well off Santa Barbara.
All added ogether, it worked. By the year 2000, only
a few [atalistic souls were left in the remaining half
of the state. They lived in peacelul, happy content-
ment, contributing liberally to a chamber of non-
commerce dedicated to the joys of non-growth,
Kiddem's portrait now hangs in the capitol building
1o be viewed by school children. If any.”
Lastnight at another meeting, Kingsley Davis, one
of the very best of demographers, said, “The higher
the level of living, the lower the level of living. The
smog control device which adds to the cost of your
car also increases the Gross National Product and is
counted as an increment 1o your level of living,”
Similarly, a great deal of what you engineering
geologists do only mitigates activities which should
never have occurred, including the bringing of 20
million people into California. You have shown

them how to build on faults, on deep alluvium in
earthquake regions, on insecure hillsides, and on
flood plains, and you have encouraged them to
subdivide some of the best croplands of the world.
From here on in, every time you tell them how to do

something that should never be done, preface your

report with a statement that you are working for the
devil, not the angels.

But, in conclusion, I can't find it in me to blame
you, or us, too much for the past. We always learn
these things too late. Still, when we do learn them,
let us begin to drag our feet. Pogo Possum has the
final word on this matter, as on some others, with his,
“We have met the enemy and he is us."

JAHNS: Thank you very much-I think.

HICKEY: I think Senator Alquist had an important
message for the geologist along the same ling; if you
are going to excite the public interestin geology, you
must change the form in which your data are pack-
aged for presentation. Perhaps you should do away
with picks, shovels, and field geologists in pictures
1o show scale and go to something a little more glam-
orous.

JAHNS: Let us open the session now for questions
from the floor. I would like 10 emphasize that each
questioner muslt identify himself, and if at all pos-
sible, indicate which of the panelists—one or more—
he would like to have respond to the question.

CARL WENTWORTH-U.S. Geological Survey,
Menlo Park: One facet of the communications gap
between geologists and engineers involves the ques-
tion of risk, a question which Karl Steinbrugge has
mentioned. Determination of risk requires identifi-
cation of geologic problems and their charuac- teris-
tics, determination of the effect of these processes
onenginecring structures, and evaluation of the con-
sequences of any damage. T ask the panel: How do
we obtain explicit consideration of risk by engineers
and geologists? Who is to decide what the risk is, and
whether or not to accept it?

JAHNS: There is nothing like having one of the most
fundamental questions possible posed right away.
Who would like to take a crack at that one? Karl,
your name was mentioned in the question.

STEINBRUGGE: You mecan I volunteered 10 an-
swer? I think that many of you in the audicnce were
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present al my seminar at the USGS. There you heard
me talk about I-1/2 hours, during which time I cvaded
the answer. So we can continue [rom there. There are
problems before us for which there are no obvious
solutions, and indeed can be no precise solutions.
The term “risk™ has many meanings to many people.
During the coming spring, I believe one engineering
organization is to devole a day to a discussion of
what we mean by the word “risk.” The meaning can
relate 1o life safety or it can relate to property
damage. In some respects our building codes take
poor care of it.

For example, codes allow unlimited properly
damage as long as people in the buildings are safe.
I'm not sure the public always knows that. I am not
sure that these standards should necessarily apply to
public buildings. Perhaps a privale owner can lake
the risk, but should it be true of a public building,
such as a place of public assembly? In other words,
the answer to the question of risk may not be solely
in the hands of the geologist orengineer. Perhaps the
decision belongs partly to the planner, and eventu-
ally to men such as Senator Alquist who must pass
the laws necessary lo implement public thinking. I
think it is an interdisciplinary problem. I welcome
more discussion on whal is meant by “risk” and also
on the subject of what input each of us contributes
and what output we should receive. Whal is life
worth? We don’t like to face that question, but we
face it every day on the freeway. How much do we
spend on freeway safely? How much should we
spend on building safety? There are limits 10 what
we can do. I think the question is fundamental and
should be faced more realistically, on an interdisci-
plinary basis.

HICKEY: I think another dimension to the problem
is that in governmenl you are dealing with a very
holy commodity—private property—and you can’t ar-
bitrarily decide that a certain piece of property is a
poor risk, because you may find yoursell in a law-
suil, with the owner saying, “what is a poor risk?”
We found this out with soil surveys. What’s poor,
what's good, what's [air, isn't accurate enough.
There must be a more deflinable dimension to such
terms if they are to be used as part of local devel-
opment controls. Since geologists, like attorneys,
reserve the right 1o argue both sides of a question,
it is not unusual to find a property owner with his
geologist and the city with its geologist, the two
polarized in their opinions as to adequacy or inade-
quacy of the property for a particular use.

LUTEN: May I describe a similar situation. During
consideration of the Bodega Bay nuclear power
plant, there was quite a flap over the magnitude of
hazard from an earthquake fault running under the
site. Some geologists alterward reported 1o me that
they felt estimates of the hazard weére quile concor-
dant, Two groups had studied the site. One opposed
Pacific Gas and Electric’s proposal, while the other
was for it, The former suggested one chance in 500
of adisaster during the life of the plant, the latter sug-
gested only one chance in 2,000. This was only a
four-fold difference and, for such a problem, pretty
good agreement. I don’t know how they could have
figured the risk at all, but I suspect that each side
concluded that there wasn'tone chance in a thousand
of a disaster. Then the pessimists multiplied the risk
by two and the optimists divided it by two.

JATINS: That may not be entirely correct, but you
are probably on the right track. II'T could put in my
two-cent’s worth here, it seems 1o me it is very
important to distinguish between two related but
basically different kinds of questions. First is the
matter of appraising risk per se, which is difficult at
best and which can precipitate legitimate disagree-
ments because matters of judgment are involved.
The other question is one thatisrarely asked directly—
that of how much risk we are willing (o assume in
a given project? This one is incredibly difficult,
because the proper answer involves not just geology.,
engincering, and other lechnical areas, but also
financial and political lactors and the appraisal of
social losses and gains. Even when the issuc has
been faced up to, complete and objective analyses
rarely have followed—a condition that underlies many
of the controversial problems of the past decade or
two.

JOHN W. ROLD-State Geologist and Director,
Colorado Geological Survey: I have Lwo questions.
One, for any member of the panel, concerns the
mechanism by which we, the geologists, can best
communicate with the planners, not only to educate
them as to our abilities and services and the science
of geology, bul also to find out what we need 10 know
from planners. The second question, for Senator
Alquist, is: Il we are able 10 achieve this utopia, how
can we sell it to the legislators and people so that the
concepts can be utilized?

JAHNS: Miss Duggin, the first part of this question
should be right down your alley, judging from some
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GEOLOGIC HAZARDS, ASSOCIATED RISK, AND

THE DECISION-MAKING PROCESS

Dri. Richard H. fahns

Dean, School of Earth Sciences
Stanford University
Stanford, California

Introduction

For this Conference on Earthquake Risk, Karl Stein-
brugee hus suggested i general theme addressed to a rather
formidable question. How much risk can be accepted? Or,
perhaps better put, how much risk should be tolerated?
This non-trivigl question assuredly is worthy of closer
attention and more satisfactory answers than it has elicited
1o date, but we can pgree that it means little unless we
specily the particular kind of risk to be considered. Thus a
given risk level for property damage is one thing, but the
same level for loss of life is quite another. And, practically
to determine what level may exist in a given situation, it is
essential to know whence the risk derives—as from surface
faulting or ground cracking, from a debris avalanche or a
tsunami, or from dam failure or collapse of buildings.

| suggest that any effective approach to the general
problem of seismic evenls, as they relate to man and his
works, must involve a sequence of four operational steps.
The first two steps focus upon geologic hazards, and the
others deul with associated risks, For purposes of discussion
here, a geologic hazard can be regarded as any set of
features and conditions that embodies dunger or jeopardy;
in effect, it provides a potential for dumaging or otherwise
undesirable occurrences, in this instance related to earth-
quakes, 1T such a potential for unpleasantness exists, it can
he examined in terins of probability or degree of risk, and it
is in this sense that | would prefer to regard risk as a
parameter associated with a given geologic hazard.

The four suggested steps can he outlined as follows:

1. Recognition of a (seismically-related) geologic hazard
al a given locality or in a given area.

2. Characterization of the hazard on the basis of appro-
priate kinds of study.

3. Evaluation of risk associated with the hazard.

4. Judgment of tolerable risk in terms of all significant
fuctors at the locality or in the aréu.

As [ have remarked on other occasions, these steps are
logical and in farge part self-evident, yer they have been too

often confused with one another, negotiated incompletely
or in improper sequence, atlempted by unqualified people,
or overlooked entirely, Our record of performance in this
aren is something less than brilliant, and as a result we have
witnessed 100 many misfortunes that could have been
mitigated, too much destruction that could have been
diminished. This Is not to deny an impressive record of
accomplishment in dealing with some of California’s chal-
lenging physical conditions, but it must be admitted that
we could have done better.

To illustrate this important point as a possible guide for
the future. a few pertinent examples of disasters can be
cited here. Some of these events were related to earth-
quakes and others were not, Some of them date from long
ago, others are of recent vintage, and still others haven't
even happened yet. All, however, share a common base in
that they can be usefully considered in the light of the
four-step approach outlined above.

Dams

The first example, the St. Francis Dam in Los Angeles
County, is now a bit of ancient history hut its collapse still
ranks as California's second greatest disaster in terms of life
loss, This massive, moderately curved gravity structure
(Figure 1) was built across a narrow part of San Francis-
quito Canyon in the mid-twenties, and the reservoir behind
it was filled for the first time on March 7, 1928. The dam
failed abruptly near midnight on March 12, releasing
approximately 38,000 acre feet of water as a short-lived but
catastrophic flood. Numerous investigating experts subse-
quently agreed that the dam itself had been soundly
designed and constructed, and that the failure was due to
poor foundation conditions.

That potentially dangerous ground conditions should
have been overlooked is more easily understood than
excused, for this project was conducted without benefit of
professional geologic examination or advice. Thus there was
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Figure 1. The St. Francis Dam, shortly before its collapse on March 12, 1928, In this upstreany (northward) view. the
surface trace of a major fault (belween arrows) can be seen on the left-hand wall of the canyon above the lower road-hench.

@ complete bypassing of all four of the determinative steps i
have outlined. No geologic hazard was recognized or evalu-
ated, ard therefore no appraisal of related risk could have
been made. Small wonder that the project has been cited as
a textbook example of what can happen when even a good

engineer doesn’t consult even a mediocre geologist! It is

only fair to add that geologists have since disagreed con-
cerning details of why the St. Francis Dam collapsed, hut
nonetheless there is general accord in the view that collapse
was inevitable under the circumstances,

What were the circumstances at a site that seemingly was
50 attractive for a major engineering project? The westerly
part of the dam and its appended wing wall (Figure 1) were
founded upon a section of poorly to moderately well
cemented conglomerate and arkosic sandstone, some aof
which proved to liave little strength when saturated with
water. The central and eusterly parts of the dam were built
on much harder rock. 4 quartz-mica schist, but along the

steep easterly wall of the cartyon 4 combination of topog-
raphy. rock weathering, and attitude of well-defired
schistosity proved to be highly effective for the promation
of largescale ground [uilure. Indeed, several landslide
masses already were present as recognizable features in the
site ared ar the time of construction.

To the mixed bag of potentiul hazards can be added a
major fault. along which the schist and the sedimentary
strata gre juxtaposed. In this sense the dum. which was builf
across the Tault (Figures 1, 2), could be likened to some of
the more recent projects discussed gt the present confer-
ence. The risk ol possible surface grotnd displacement
along the fault at the site actually is vanishingly small, a3
this break has not moved during the past 15 million years
or so, but stich assurance wis neither sought nor received
by the builders of the dam. It has since become common
practice (o raise questions vbout surface faulting whenever
major structures are o be built in Californiy, but this was
scarcely thought ol half g century ago.
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Figure 2. A much cledrer exposure of the fault and associated crushed and sheared rocks that lay beneath a parf of
the St. Francis Dam. Along this slope, scoured by fNoodwaters fapidly escaping from the: teservoir, reddish brown
conglomerate (dark) overlies: quartzemica schist (light) along the west-dipping fault. The large standing residuum of the
dam, founded upon schist, originally Formed the central parl of the structure (¢f. Fig. 1)

Quite apart from the favorable circumstance of long-
tme inactivity, the ancient fault movernents in the damgite
area left a strong imprint on the rocks immedidtely adjoin-
ing the main break (Figure 2), These rocks ure inghly
broken and sheared, and in places they have been ground o
the proverbial pulp. Assuch, they were somerhing less than
satisfactory foundation materlpds for @ dam of the deslgn
adopted gt this site. Whetlier o not failure of the dum wiis
initiated by a large landshde ot t1s easterly abutment

(Figure 3), s seems likely; much of the ultimate oollapse

van he atiributed to piping in relatively weak marerials
beneath its westerly purts. The severely disturbed rocks
along the fault zone are particularly suspect on this score.

A much more recent oceurrence of piping led 1o failnre
of the Baldwin Hills Dam in Los Angeles on December 14,

1963 (Figure 4), but this case differed in several important
respects from the one just described. Breaching of the
earth-fill structure fortunately oceurred in the daytime,
more thun three hours atter its imminence was recognized,
und nearly all of the people in the path of the flood were
warmed of the impending catastrophe. Five lives nonetheless
were lost, and more than SIS million in property damage

‘was ancurred. Dedtruction of the dam was essentially a

surpnse o everyane, for il had been built only after careful

consideration of existing ground conditions. And, sited as 1t

wiis in @ metropolitan ared. it was specially designed relative
to potential reservolr leakage and strong seismic shiaking. It
wias thought that all hazards had been identified and char-
acterized, and a finul judgment of no undue risk had been
made prior to the start of construction in January 1947,
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Figure 3. Broad scar of the main landslide at the easterly
end of the Si. Francis Dam. Here an enormous mass of
bedrock (quurtz-mica schist) moved downward and west-
ward, in part againgt the dim. and most of it was carried
away by floodwaters when the dam collupsed. The ceritral
mass of the structure remained standing, but lav out of
view to the left when this photograph was luken in 1924,

Yet the disaster occurred, nearly seventeen years luter
and in a manner that seems obvious only I retrospect. The
dam and reservoir lay within but near the edge of an ared in
which muny small surface ruptures and other expressions ol
gradual ground subsidence are associated with the Ingle-
wood zone of folds, faults, and oil production. The ground
beneath the reservoir is traversed by several minor faults,
und progressive movements, evidently not accompanied by
earthquakes, occurred along at least two of these breaks
after the facility was built. The movements resulied in
fissuring snd small vertical displacements beneath the reser-
voir, and in some cracking of the paved reservair floor.
There was little observable indication, however, of the
erosion that must have been obcudrring inthe relatively soft
foundation maoterials: as ledking reservoir wuters coursed
through them along the opening breaks: Ultimarely collupse
occurred along the bresk that lay beneath the dam, and
noteh-like failure of the dam quickly followed (Figire 4),

Whether the minor but important movements along the
existing ground breaks resulled [rom nearby extraction of
petroleum fuids from the subsurlace, from the pumping of
water info the subsurface to promote sdditional recovery of
ail, or from tectonic causes, they occurred essentially
without detection, The possibility of such movements mav
well have been considered, but i1 seems evident that their
potential effects were not properly charucterized for pur-
poses of design. lronically, the pround displucements rup-

Figure 4. Vertical view of the-empty Baldwin Hills Reser-
voir after breaching af the dam on December 14, 1963,
The tupidly escaping reservoir waters created Havoc in a
thickly settled area of more than five square miles bevond
the upper edge of this view. Pacific Al Indusiries plioto.

tured and blocked a drainage system that otherwise would

“have provided an indication of serious leakage, and hence of

their existence benegth the dam and reservoir floor, Thus,
in the clewr vision of hindsight. it was not possible sccur-
ately to dappraise the degree of risk in this case becabse the
hazards were incompletely defined.

The San Fernundo carthquake of February 9, 1971,
provaked & stifl dilTerent kind of dam distress that is of
speclpl interest in the context of lazard and risk. The
Upper snd Lower Van Norman Reservoirs, in the nerthem
Sun Fernando Valley (Figure 5), luy behind two relatively
old earth dams thut had been constructed mainly by
Thydrautic-fill methods. Under the mfiuence of intense
ground motion that sccompanied the earthguake. a consid-
erable purt of the upper dam was displaced aboul five feet
in ¢ downstream direction, and the crest settled as much as
three feet. No water wis released from the reservolr, o
matter of great good lortune.

The much larger Lower Van Norman Dam was more
severely damaged. us a section of this embankmant about
1800 feet long shid into the reservair. The detached mass
included much of the dam crest, and the effective lieight of
the part ol the embankment thut remained in place was less
than five feet above the thensexisting reservoir level (Figure
6). The waters were retained behind the partly collapsed
structure, but further atttitipn of the embunkment or
additlon ol'water [rom lallure ol the spper dam would have
hrought catastrophe 1o o residential area of some 80.000
people on nearby parts of the valley floor. The danger from
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Figure 50 The Lower Van Norman Reservoir (center) and smuller Upper Van Normun Reservoir (right) in the northern
Sant Fernando Valley, us they appeared i 1950 before nearly all of the downstream siea st left had been developed
for residentinl purposes. Rupture and gross displacements ocourred in both of the dams during the San Fernando earth-
quake ol February 9 1971, eéndangering tens of thousands of people in the thickly sertled downstream area. Pacific
Air Industries photograph.

strong earthguake aftershocks was particularly acute on this

score, bui it was soan removed by emergency actions that
included draining of the reservair,

The lower dam was built during the period 19121915,
and in sibsequent years it was enfarged by severul major
additions of Fill. The smaller upper dam was built'in 1921
and 1922, Even 50 yeurs ago, numerous faults had been
identified and mopped in this region, but relatively little
was then known about the distobution and nature of
geologically young breaks in the ground that oceupies much
of the view in Figure 5. Nor were gceurite appraisals of
loeal seismicity then available. To be sure, the region was
recognized as ane of seismic aclivily, but the San Fernando
earthquuke nenetheless came much Liter as an instriactive

surprise to geologists, geophysicists, and engineers alike.
That mbch of whist i revealed about fanlt activity, ground
aceelerations, and structural damage was new information is
partly attnbutable to the limited number of strong earth-

quakes that have occurred in populated areas of California.

No two have been exactly alike.

Design of the Van Norman Dams was by no means as
seismically resistant as that of the Baldwin Hills Dami of
many other younger structures. Whether or not it might
have been based on an evaluation of seismic risk prior to

construction, complete identification and appraisal of re-

lated geologlc hizdrds could not have been made at that
ume. Among the faciors missing from the Hrst two steps of
the evaluative procedure were an active fault at the site of
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Figure 6. The Lower Van Norman Damvafter partial collapse from strong seismic shaking on February 91971 A lurge
portian of the structure has been displaced downward into the reservoir ares. Photograph courtesy of Gordon B.

Oakeshott, California Division of Mines and Geology.

the lower dam and the high intensity of ground shaking
that could accompany an earthquuke ih this area. In later
detailed appraisals of seismic response, the structures were
judged o be safe by experty in this field, yet liquelaction of
embankment materials led to unsatisfactory performances
in 1971, As a case history of great financial loss and grave
danger to the lives of many peaple, the Van Norman Dams
thus provide another strong argumient For éxtensive explor-
ation and detailed analysis of ground conditions and prob-
able ground behavior prior to design and construction of
major engineering works that affect public safety. Admit-
tedly, this is a lesson more easily learned in principle than
applied in practice.

Floods and Debris Flows
Darmaging floods have oceurred repeatedly in settled
paris of California, and some truly spectacular visitations of

water have bheen recarded i historie times. Contrasting
eombinations of topographic and climatic conditions have
led tb corresponding variations in the puattern of flood
inundution, accelerated eroswn, und deposition of debris,
bur the pattern is relatively well understaod in general
terms, Owing to observations of flood behavior over a
period of many decades, most kinds of associated hazards
have been recognized, characterized, and correlated with
specific areas, localities, and human developments: that
affect surface runoff,

Present cupubility for certain kinds of short-term flood
prediction and appraisul of attendant risks derives from
anialyses of observational facrors such a8 unusually heavy
smow packs in mountain wreas, periods of unseasonably
warm of cold weather, and storms accompanied by excep-
tionul contributions of rainfall. Longer-term risks can be
reasonably estimated on statistical bases, either from avail-
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able records of flood-producing climatic factors or from
recerds of the oods themselves. The recurrence intervals
for most potentially damaging events are relatively short,
and even the Inlrequent great storm, with its prompi
torrertiel runoff, can be incorporsted intoe u statistical
appraisal of prabable oceurrence. From such appraisals have
emerged concepts of probubility-based events like the “ten-
vear flood,”" the “hundred-year flood.” und the “maximum
credible Nood,” all of which hitve been useful in considering
how much risk should be tolerated in terms of economic,
politicul, and other tucrors. Judgments of this nature have
been effectively translated into the design of fload-control
works in many populated areas, Even though the problem
of reeurring fMoods Iy made deute by rapid population
growtl and inhented paiterns of settlement, it has hecome
increasingly understood interms of hazard and risk.

A more ditficnlt kind of challenge is presented by debris
flows, which are moving mixtures of water. air, and solid
terdal ranging from slurries of mud 1o extraordinarily
course, bouldery fluosolids. These heavy fows are mote
focalized and less frequent in occurrence (han ordinary
flond runoff, and they generally move more slowly. They
can be devastuting In their effects; however, as they clog
canals and  draindge [icilities, occupy  buildings, yards,
streety, and swimining pools, and carry dwvay heavy objects
that lie in their paths.

A course debris-flow deposit of considerable historic
iriterest s shown in Figare 7. This huge slug of houlders,
blocks, hroken trees, and finer-grained detritus moved
down 4 stegp slope in the western San Gabriel Mountaing
arid cume 10 rest at Opids Camp during o period of only a
few minutes on April 4, 1926. The sccumulation, nearly
the size of s football field and gbout 40 feel in maximum

Figure 7, Rumpurt-like accumulation of boulders; hroken
trees, and finergrained débris 41 Opids Camp in the San
Gabriel Mountains. This deposit, here 40 feet thick. rep-
resents o slurey of Cyelopean proportions that moved
down an adjacent mountain slope during s cloudburgt on
April 4 1926,

thickness, resulted from one of Calitarnia’s greatest historic
cloudhursts. As a special feature of a week-long storm that
brought approximately 25 inches of rainfall to an area
centered dbout Sun Gabriel Peak, 1.02 inches of rain fell in
one minute and another inchin the following two minuies,
This extremely intense precipitation quickly detached and
removed an enormous amount of solid matenals from the
mountain slopes, and the water combined with these
materidls to form impressive debris Nows.

Even though the Qpids Camp occurrence might appear
(o have been an almost unigue historic event, it must be
reckoned as peologieally ordinary in Calilvrnia. The very
alluvizl fans on which so much population is now concers
trated consist in large part of debrs-flow deposits, and
hence represent a long period of rather violent construg-
tionul events, The building of fans still contihues in episodic
fashion; as could be uttested, for example, by residents of
the Montrose-La Crescentu area in 1934, the Wrightwood
area in 1941, and the Sinta Barbura-Carmpinterin area as
recently us December 1971, Nor have significant Historic
etfects been confined to settled areas; (o judge from a lung
record of damage to railroads. highways, pipelines, and
aqueducts. The new California Aqueduct already has been
invaded by several debris flows along the westerly margin of
the San Joaquin Valley.

Hozards related to movements of debris have been
widely: recognized only in recent years, and certainly such
recognition has followed rather than preceded most of the
urban settlement in the state. The common placement of
buildings und other works of man in logical paths of natural
slurries has been particularly unforfunate because the haz-
ards are so easily identified and characterized on thie basis

‘of topography, climatic factors, and potential sources of

debris. They are mare difficult to evaluate in terms of risk.
but considerable progress is being made in this area.
Inereasing numbers of high-risk loculities have been [or-
mally noted. and many of them are now at least partiully
protected by debris basins and other control works. In
some urbanized regions where reshaping of hillside topog-
rapliy by mun can increase the probability of damaging
debris Mows, strict gruding ordinanees have been enacted 1o
regulite such risk-producing activities. Tn the meantiime,
however, judgments ol acceptable risk continge 1o lie
beyond the resources available for scting upon such judg-
ments, tn large part becanse high levels of risk exposure
have long existed in many sertled areys.

Landslides

The poetential Tor Jandsliding in California has prompted
a remiurkably wide variety ol human responses in the

wontext of hazard and visk. These range from numerous

expressions of total ignorance abowt unstable ground 1o the
penetiating studies that now precede some hillside grading
or the siting and design ol dams, power plants, and otlier
major structures. Among 4 host of examples thut could be
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noted, let us [rst examine the situation in which landslide
hazard may be recognized as a possibility but is thereuporn
dismissed from further consideration. This “ne-response™
approach, commonly followed in highway design and con-
struction, deliberately hy-pusses all steps in the jnvestiga-
tion of hazard and risk. In effect, it represents a judgment
that the level of landslide risk, whatever it might be, is
sufficiently low to be ignored in the face of possible results
from ground failure 17 failure does occur (Figure 8), the
situgtion §s correcred s essentially @ maintenance apers-
tion. This approach has been rather effective in economic
terms and it commonly has embodied 4 few disadvantages
heyond temporary inconvenience, vet the trade-offs have
not been uniformly favorahle.

practical terms. For an increasing number of major projects,
the older upprosch has been abundoned in favor of one
comprising a sequence of investigative steps, and in most
cuses the complexity and cost ol geologic studies and risk
evaluation have proved to bhe surprisingly small relative 10
the benefits obtained.

A wholly different kind ol problem exists in countless
localities where hazard is obvious, either from casual inspec-
tion ar from the historic record. The man wha lives an a
river flood-plain, for exumple, clewmly is exposing himself 10
4 high degree of risk. He may be unaware of thiis risk until
his property is imundated. or We muy have considered the
record of pust inundutions and judged the risk 1o be
scceptable. The citizen whao resides on a well-known land-

Figure X, Toe of a landslide that moved across the roadway duting construction of Interstate 280 west of Los Altos
Hills in November (967,

Not all of the failures have been little ores, nor ave all
of them occurred early enough to be handily corrected
prior to project completion. Economic losses have been
objectionably high in a growing number of situations where
enormous amotnts of clean-up work have been needed,
~where traffic or utility service has been endangered, where
failure has occurred repeatedly, or where major redesign or
relocations of alinement have been required. In some cases
there has heen serious jeopardy of life as well. With the
proliferation of such experiences among projects of larger
and larger dimensions, the wisdom of an early examination
and appraisal of hazard has been well demonstrated in

slide or at the edge of a ¢lill may have made a similar
judgment, or he muy remain happily ignarant of sk until
the landslide is renctivated or a lurge section of the cliff falls
away. Episodic cliff recession along the Califoria coastline,
generally uttending stormewave erosion snd ground fuilure
of varlous kinds, is 4 fact ol lile that hardly can be ignored.,
and serious encroachments on developed Tand can oceur
even at localities now protected from direct wave uction
{Figure 9). Confronted with progtessive reduction in yvard
space and house sypport over long periods of time, many
cliffsrim residents of Pacifi Palisades and other communi-
ties assuredly have been provided with the necessary data
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for judgment of tolerable risk. In lew places can the shape
of the futare be so clearly delined.

Now let us consider situations that are somewhat less
well defined, perhaps obvieus to a geologist but not 10 a
house builder or resident. Typical smong these s the
curreitly inactive landslide, of which there are thousands in
Caltfornia: As an example, the ground shown in Figure 10
forms: part of a large: landslide complex near Portola Valley,
where failure first ocourred in 1890. Despite published

sceupnts of this and subsequent gross movements, no

person involved ifrecent land development dppedrs to have
been aware of the hazard and sssociuted rsk untll 1967,
when o part of the slide complex was reactivated. This
points up the need for improved commurcation ol existing

data, as it is particukarly tragic when tisk goes unrecognized

in the presence of known hazards,
Identification of an existing hazard unfortunately does

., it

-
-

4

—— =

nal guatantee the accurate characterization essential for
appraising risk and laking responsive action. An excellent
case in point is the Portuguese Bend lundshide in the Palos
Verdes Hills. This currently moving mass of ground, about
260 geres in urea, is part of @ much larger landslide complex
that was reported in the scientific literatidre as early as
1926, The full extent of the complex was not then
recognized. however, nor wus its potential for renewed local
failure praperly assessed before much of the ground was
developed for residential purposes. Relatively casual exam-
indtions hy several geologists and esgincers had led to
opinions of “no risk™ or “miinimal fisk,” vet luilure began
lo occur 1 1956 and soorn grew 1o serious proportions.
During the following vears more than o hundred homes
were destroyed, and properly damage reasched the $10-
million level as 60 million tons of reck and debris con-
tinued (0 move slowly toward the ogean.

Figure 9. Locul detachment and collapse of cliff-forming alluvial deposits along the coastline at Pacific Palisades,
November 1966, Cleatly visihle in this view is evidence of earlier encroachments on the residential area above the

cliff, Pacific Alr Industries photograph.
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Figure 10. Deep cracks in active landslide mass, Vista Verde ared near Portola Valley. The ground movement, which
wracked the mewly-built home at left, represented (967 reactivation of purt of a large landslide complex that was
originally developed in 1890,

A Hnal example, also from the Palos Verdes Hills,
Ulustrates how easily o 1960 disuster might have been
forestulled through the application of investigative methods
now rotitinely required by the County of Los Angeles. In
grading for residential development during 1957, the top of
a smiall ridge 11 Rolling Hills Estates was removed and much
of the excavated material was placed as fill on an adjavent
slope. The fill was carefully engineered and of good quality.
but the ground on which it was founded included soft,
weathered hedrock and a moderdtely large natural secumu-

lation of unstable matenial that had been slowly moving

down the slope fora long period of time, Under the heavy

load of Tl and newly-built homes, these weak materials
tailed and a well-defined slide mass was formed in the thick
blanket of overlying fill (Figure 11). Two homes were
wracked and ultimately destroyed (Figure |24 and a third
was left with only partial foundation support. Like the 8§,
Francis Darh, this project had recelved good engineering
input but no geological advice, here an effective recipe for
property loss and family heartbresk. The experiences of
these and similarly unforaste homeowners were not
wasted, however, because they led to subsequent tightening
of regulations for investigative procedures and grading
operalions in many of Callfornia’s hillside areas,
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Figure 11. A small slide that destroyed two homes and left & third with only purtial support. Rolling Hills Estates in

the Palos Verdes Hills. This slippage, which oceurred tn 1960, was cuused mainly by the placing of structures and masses

of fill upon an unstable slope.

Figure 12. Acute struitural distiess in buildings, walls,
and pavement founded on the subsiding ground shown
in Figure 1]

Faults and Earthquakes

Problems associgled with Fault and esithquuke move-
menis are exdmined by other participants i this confer-
ence, so | shall confine my atiention here Lo only a few
examples of earthquake-related hazsrds and risks. The
primary hazards can be grouped into three calegories--
surface faulting, gross changes in elevation of the lund, and

strong ground shaking. Secondary effects such as cricking,

fissuning, lurching, and warping of the ground, disruption of

surlace and subsurfuce drainage. triggering of slumps, land-
slidés, and avalanches, and geherativn of tsunumis and

seiches, represent an added potential for damuge, destruc-
tion, and life loss, Bach of the hazards can be identificd asa
possibility in one or more parts of the state. und each
fortifies the concept that nothing coupled to the ground is
entirely {ree fram risk.

Deforming effects of severe ground shaking, especiully
on mun-titude structures (Figure 13), have been so widely
reported that there is little question about identifying and
describing most of these hazards. Fully defiring rhem and
estimating associated leyels of risk, however, can be formi-
dubly difficull. Relationships among factors that include
location and style of fault rupture, propagation of ground
motion, dynamic ground response as it depends on regional
and locdl geologic conditions, and atiendunt response of
structures are at hest imperfectly undeistood. And proba-
hility dssessments for the occiirrence of mujor earthquakes
i given aress still derive almost wholly from the limited
statistical base of historic experience.

Imperfect as they are today, the characterization of
hazards from strong carthquake shaking and the estmation
of losses these hazards could cause leave no doubt that
present risks are whjectionably high. In effect, too many
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Figure |3. Severe deformation of railroad track during the
San Francisco earthquake of 1906, South Pacific Coast
Railroad near Wright's Station in the Santa Ciiz Mountains,
This section of dual-gauge line was kinked and shortened
by strong ground motion agsociated with adtivity along the
nearby San Andreas fault. Photograph from Collsction of
Roy D. Graves, San Francisco.

disasters are merely waiting for our next great earthguake
tw happen. But must this implied commitment be met in
{ull? Substantial reductions in risk levels would be nchicved,
for example, through the strengthening or razing of rela-

tively old and unreinforced buildings, of whicly there are
thousinds in'Los Angeles or Sun Franagisco alone. And the
recent purtial collapse of the Lower Van Norman Dam
could be our last event of its kind if a1l olher dams in the
state were to meer upproprigte earthguake-resistunt stan-
dards. Insistence on such application of present engineeting
standards 10 structires built in earlier vears would represent
4 judgment of acceptihle risk. just as most of the past
resistance towsrd upgrading or eliminating inudequate

strugtures hus reflected contrary judgments based in part on

more immediate economic consideraiions,

Gross changes in elevation of the land have socompanied
only # few earlligpakes in Callfornis, among them the
Owens Valley quake in 1872, the Arvin-Tehuchapi quake in
1952, und the San Ferundo quake in 1971, Significant
damage 1o pipehnes, canals, and other works ol man his
been dttributed 1o some of these changss. which in general
were associated with fault movemenls having major com-
ponents of dip slip. Of far greater import have been ibript

offsets of the ground surface along fuults duting these and

other historic earthquakes in the swie, Displaced streums,
roads, railways. pipelines, fences (Figure 14), buildings, and
other reference leatures lying athwart the faults have
indicaled permanent olfsets ranging from a fraction of an

inc¢h 1o more than 15 feel. During the San Francisco

Figure 14, Offser fence at main surface break formed along the San Andreas fault near Black Mountsin (niow a parl
of Los Altos Hills) during the San Francisco earthquake of 1906.
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earthquake of 1906, [or example, predominantly horizontal
surface displacement occurred along perhaps as much as
270 miles of the San Andress fault, and during the recent
San Fernando earthquake oblique displacements occurred
slong several breaks in the Santa Susuna — Sierra Madre
fault zone.

The drastic results of surfsce Tuulting beneath a man-
made structure are not hard to imagine. Even though such
rupturing is confined 1o namow strips of ground, and even
though s aggregate length during historic time in Cali-
fornia s considerably less than a thousand miles, the effects
of this uncontrollable sctivity can be so specific and so
serious that they should be avoided wherever possible. The
hazard along active fault traces is so plain that one wonders
how schouls, hospitals, and freeway mterchanges could be
built across them, or how residential developments could be
superimposed across the 1906 break on the San Andreas
fault near San Francisco and a geologically recent break on
the same fabll near Sun Bernardine.

More ro the point, how can we prevent future constric-
tion, especially of huildings intended for human accupancy,
seross the traces of active faults? The hazard i5 by now well
known, und the tisk certainly is serious enough 1o bespeak
strong legislution, but the matter is complicated by difficul-
ties in defining the hazird. Given the San Andreas, the
Hayward, or the Ssn Jacinto fault zome, across which
breaks should certain kinds of construction be prohibited?
Only the one along which the most recent movement
oceurred? All those showing evidence of historic or recent
prehistoric movement? Or all breaks in the zone, thereby
restricting development in some faitly extensive areas of
high property values? And what Kinds of construction
should be forbidden? Viewing the problem in another way,
how well could potential surface faulting in the¢ Sun
Fernando area have been defined fur purposes of legislation
priot to the recent earthguake? All these guestions are
tough to handle in the context of how much msk can be
tolerated, but some reasonable answers must be produced
—gnd sooner rather than lates, Granting that extensive
studies will be required for better defining the hazards of
surface faulting, it should be possible 1o solve at least a
significant piece of the general problem by addressing
legislation to a limited number of sreas in which the critical
relationships already are known.

Decision Making

The four operational steps here discussed impress me as
essential for an effective approach to the problems em-
bodied in major seismic events. And many additional
examples of man’s works could be cited In support of the
thesis that these steps muslt be negotiuted by qualified
experts in proper sequence il a given problem is fo be
solved, but I shall close instead with some comments about
decisions implicit in the sequence of recommended opera-
tions.

(]
I~
-l

The geologist and the seismologist must be primarily
responsible for recognizing and confirming the presence of
earthquake-related natural hazards, and at a relatively early
stage in dealing with a project or problem. Bul, vital as it
may be, identification of hazard and potential risk is only a
start along an integrated path. Unnegessary confusion and
consiernation too often have followed announcements of
possible risk by persons who have then let it go at that,
Withidrawal from the scene without an effort toward sug-
gesting probabilities, or otherwise placing the possibilities in
perspective, can be a real disservice 1o everyone concerned,

Recognition of natural hazards should be followed by
their definition and characterization, which necessarily
involves interpretations and substantive decisions. Here the
inpul [rom both geologist and seismologist should be
progressively coordinated with the work of engineers, work
that may well include appraisals of hszard embodied in
buildings and other structures. Succeeding evaluation of
nsk ussociated with a given hazard is an even more complex
lask, and decisions in this area logically depend upon the
joint elforts of quaiified professionals. The final step,
resulting in decisions of tolerable risk that are essential for
design, construgtion, or other kinds of practical response,
requires additional input from many kinds of specialists.
Here various combinations of technical, economic, social,
and political lactors must be considered, and no single
expert can doit all,

The complete procedure has been increasingly employed
for new prujects during recent years, and it has been most
effectively formalized for the siting, design, and construc-
tion of nuclear power plants in the important context of
seismic and geologic risk. The Atomic Energy Commission
requires detailed geologic mapping and study of proposed
site areas, and this work generally is backed up by extensive

subsurface exploration. The potential for surface faulling is

given special atiention al sites in California. Thus the
Digblo Canyon site in San Luis Obispo County was investi-
gated by mearts of large trenches (Figure 15). in order (o
determine whether uny of the small faults in the Miocene
bedrock extend into overlying terrace deposits of Pleisto-
cene age. The terruce deposits, known to be at least 80,000
years old, were shown to extend across the faults without
break, thereby placing u minimum age upon the latest fault
MOVeMEnts.

The results of geologic work in the site areas are
interpreted relative to various kinds of nsk, and they are
coordinated with analyses of regional and local seismicity.
Engineering properties of sife foundation materials gener-
ally are determined by exploratory drilling, freld and
laboratory testing, and in situ seismic lesting. The seismic,
geologic, and engineering data ultimately lead to plant
design that will meet extremely demanding requirements of
tolerable risk. Final decisions concerning risk necessarily
rest with the Atomic Energy Commission, whose staff and
expert consultants must review and approve all basic dats,
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Figure |5 Exploratory trenches at nuclear power plant site on coustal terrace adjgeent to Diablo Canyon, San Luis
Obispo County. These trenches were excavaled to ohtain gedlogic data for appraising the probability of surface fuulting
al the site. Pacific Gasand Electrie Company photograph.

analyses, and design specifications before s construction
permif cun be granted.

Vartants of this almost ideally stylized procedure have
been employed for ather kinds of major projects, and il
seems fair to ask whether a similar approach would make
goad sense for the development of entire areas or regions,
Consider, as 4 linal example, the possibility of coordinated
planning for lurther development of the San Francisco
Peninsulu. As shown in Figure 16, the physical situation is
complex. Most ol the relatively fat land adjacent to the
Bay alreudy is thickly settled, and so are many of the
nearhy hills and parts of the trench-like valley that marks
the trace of the San Andress fault zone. Considerable
pressure for additional development perforce has been
directed toward marsh land Tringing San Francisco Bay (top

center, views in Figure 16) and toward hillside and valley
areas on both sides of the San Andreas [ault.

Fortunately, a wealth of geologic und seismic informa-
tion already is at hand for this region, and much of it is
being compiled into highly useful forms by the U. S.
Geological Survey and the California Division of Mines and
Geology. The number and distribution of recognized
natural hazards can be regarded as impressive, exciting, or
sobering, depending upon one's point of view. Clearly,
however, the San Andreas and other faulls, extensive
landslides and other expressions of unstable ground, and
the susceptibility of certain areas to fooding or to strong
seismic shaking must be reckoned with in any inteiligent
land planning. Some progress already has been made on this
seore, chiefly at the level of individual communities that
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Figure 16. Infrared images of a part of the San Francisco Peninsula, showing trench-like (race of the San Andreas
fault zone. San Francisco Bay and [ntérnational Afrport are In upper left, and the twosmile Stanford Linear Accelerator
(white line) is a1 right. Images courtesy of Ronald 1. P. Lyon, Stanford University.

have responded to immediate and obvious problems of
huzards. Moreover, there also dre pleasing indications of
some useful responses 4t county and regional levels,

Let us suppose that a heretofore apathetic or umn-
formed public were united in support of a regional ap-
proach to land planning, and that the stage were set, in
economic and political terms, for an sction program. How
would we stand in terms of required input in the areas of
hazard and risk? Avallable basic data on natural hazards
should permit negotistion of the first steps in a general
way, and for some areas in considerable detail. Most of the

harzards have been identified. Fewer have been properly
churacterized. so that much added attention is needed here,
but this is no justificurion for delays in tuking some firm
strides toward judgments of toleruble risk. As Karl Stein-

brugge has pointed oul, there is little sense in doing nothing

until we have alf the mformution! The data row at hand
provide 4 réasonable platform from which the most critical
questions can be ‘dealt with-—-what are the kinds and levels
of risk, how are the risks distributed throughout the region,
who can hest make judgments concemning acceptable risk
levels, and how can linal decisions best be reached?
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SOME HISTORICAL PERSPECTIVE OF RESPONSES
TO GEOLOGIC HAZARDS

By R. H. Jahns

(1974 Proceedings of Workshop on Physical Hazards and Land Use: A Search for
Reason; San Jose State University)

Today’s workshop on Physical Hazards and Land
Use has been highly instructive, and certainly it has
been an effective vehicle for many contrasting mes-
sages. Perhaps, though, it also has been a bit fright-
ening in the collective impact of those messages.
That the San Francisco Bay region has its share of
geological problems is hardly news to most of us, but
it is one thing to outline any such problem and quite
another to formulale a satisfactory solution in the
Tull context of physical, economic, sacial, and politi-
cal constraints, For the thoughtful and concerned in-
dividual, whether geologist, engincer, land-use plan-
ner, public official, or private citizen, this can be an
arena of frustration and discouragement. Yet it need
not be if we consider some of our problems in
historical perspective, and here I shall try to indicate
why this is so.

Geologists have long been raising their voices
about earthquakes, landslides, and other physical
hazards, but as recently as two decades ago not many
people were seriously listening. To be sure, occa-
sional disasters have caused widespread stirs and
have forcibly brought certain frail elements of our
physical environment to the attention of the public—
but for how long? The attention span of humans,
adults and children alike, would appear to be unfor-
tunately short. How concerned right now are most
people about specific implications of the February
1971 San Fernando earthquake? Or for how long did
residents of this State retain a lively interest in
lessons provided by the Long Beach earthquake of
19337 Granted, the Field Act was a prompt and
important result, but subsequent events have demon-
strated that enactment of legislation does not auto-
malically guarantee attainment of objectives. Today
thousands of California children occupy school
buildings that are prime candidates for seismic
demolishment, despite the formalized intentions of
more than four decades ago.

Nevertheless, the situation has been changing for
the better. More people have been developing and
retaining an awareness of constraints in our physical

cnvironment, and increasing numbers of them have
been demanding that we all do a better job of living
within these constraints. Just when these shifls in
attitudes and prioritics began to develop real mo-
mentum is hard to determine, even with the advan-
tages of retrospect. Perhaps they came with growth
of the so-called “environmental movement” of the
‘sixties (and “seventies), and perhaps they date farther
back to the Long Beach carthquake and 1o several
devastating floods in the ‘thirties.

In any case, it is worth reminding ourselves of
some important check-points in the area of useful re-
sponses. The Field Act, despite the loopholes that
were diligently sought for and found, did prove to
be effective in eliminating a host of unsafe school
buildings. A special grading ordinance in 1952
established the City of Los Angeles as a world
pioneer in forestalling landslides and other kinds of
ground failure associated with ill-advised reshaping
of the landscape, and it was subsequently used as a
model by many cities and counties in the State. The
original ordinance has been repeatedly strength-
ened, just as additional legislation has been enacted
at the State level, better to accomplish the objectives
of the Ficld Act. As further examples in a very small
sampling, recent State legislation requires more
careful siting and improved standards of construc-
tion for hospitals in the context of seismic shaking
and other physical problems, and another useful act
provides for special studies in areas where surface
faulting could be a problem for certain kinds of pro-
posed structures. And, as we have heard earlier
loday, similar steps have been taken or are under
consideration at more local levels in various parts of
the State.

It seems fair to conclude, from an inspection of the
record, that a growing number and variety of physi-
cal hazards is being pointed out, and that more and
more people arc listening carefully. So score a big
point for history. As for the geologist, he now finds
himself, often to his surprise and not rarely o his
discomfort, in the center of an arena where until
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recently there was little action and he was no more
than a vocal spectator. The game is well under way,
and he is perforce a part of IL

If the first step toward coping with physical haz-
ards is recognition, then the next step must be accu-
rate characterization. What kind of hazard is in-
volved? What are its dimensions, ils causes, the
scope of its potential effects? Correct answers (0
such questions provide the necessary base for a third
step, which is appraisal of risk associated with the
hazard. And only when the level of risk has been
established can the final step be taken—judgment of
whether the risk is tolerable under the existing circum-
stances.

I suggest that all four of these steps are essential,
and that they must be negotiated in the order I have
indicated if the best possible results are to be achieved.
A review of any past transformation ol a physical
hazard where something has gone wrong, whether at
nuisance or disaster level, quickly reveals that one
or more of the steps was omitted, was taken out of
proper order, or was just plain incorrect.

No man-made structure that is coupled with the
ground can be regarded as entirely free from physi-
cal hazard and risk. Location, design, and comple-
tion of any such structure therefore must represent
a final decision, reached consciously or uncon-
sciously, that the associated risk either is at an
acceptable or tolerable level or can be reduced to
such a level. Satisfactory long-term performance of
the structure may reflect a wise decision based upon
recognition and careful analysis of hazard and risk,
or it may reflect no more than good luck with a
decision not so soundly based. And, if physical
hazard and risk were neglected altogether, the deci-
sion was made essentially by default.

A compelling example of disaster [rom a decision
by default was the collapse of the St. Francis Dam
in 1928, still California’s second greatest calastro-
phe in terms of life loss. Here was a major structure
designed and built without geologic investigation of
the site, at which some serious foundation problems
were present. Failure of the dam resulted from fail-
ure 1o recognize and to characterize critical hazards
embodied in the local ground. Thus all but the last
of the four investigative steps I have outlined were
skipped, and there was no saving substitute in the
form of good luck.

It is interesting 1o speculate on what might have
happened if a geologic investigation had been made
when the site was being considered for a dam. Let
us suppose that a part of the proposed foundation

materials were recognized as subject 1o partial solu-
tion and piping, as concluded by a special group of
investigators appointed by Governor Young lollow-
ing the actual disaster, and that a dam were designed
and built in accordance with this important factor.
Under such circumstances, the dam might well have
failed anyway. Why, if a hazard were recognized and
properly appraised? Because another hazard also
was present in the form of a large potential landslide
at one abutment of the dam, where slope failure was
capable of destroying the structure. Collapse of the
dam would have reflected an incomplete or inaccu-
rale negotiation of those important initial steps, rec-
ognition and characterization.

That such speculation is not unrealistic can be
demonstrated by numerous actual occurrences, among
them the 1963 failure of the Baldwin Hills Reservoir
in Los Angeles. This reservoir and its containment,
designed 1o resist strong seismic shaking, were buill
across several small faults that had been recognized,
carefully examined, and judged Lo be inactive. Yel
small movements subsequently occurred along at
least one of these faults, with resulting failure of the
containment. Here, then, a good first step of recog-
nition had been taken, but the next steps of behav-
ioral characterization and appraisal of risk were
flawed, regardless of whether the subsequent faull
movements were tectonic adjustments or resulted
from shifts in the distribution of subsurface fluids in
an adjacent oil lield.

Nowhere today are all aspects of possible physical
hazards and risks considered more carefully than in
the siting and design of nuclear power plants. This
is only proper, for the penalties of omissions or mis-
takes could be extremely serious. Bul it is interesting
to note that some questions of tolerable risk have not
been directly answered, even though responsibility
for the making of final decisions has been specifi-
cally assigned. In the context of surface faulting at
the site, for example, below what level of risk may
the possibilily of such displacement be disregarded
in design of the plant? Almost by necessily, the erst-
while Atomic Energy Commission answered this
question indirectly by defining an active lault and
requiring demonstration that no such fault exists in
the vicinity of the plant site. This bespeaks neither
obliquity nor confusion, but it does ftestify to the
extraordinary difficulties in specifying acceplable
risk levels for some kinds of possible occurrences.

As the evaluation of more and more new projects
is being extended to include factors of physical
hazard and risk, and as increasing numbers ol exist-
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ing structures are being recvaluated in such terms,
we can score another big point for history. If we are
in a mood further to consider pluses in the balance
sheet, we can add yet another point for some notable
progress in developing systematic approaches, in
assigning responsibilities, in delivering pertinent
information, and in achieving reasoned analyses. To
be sure, not all of our input is yet as sound or as
consistently on target as it should be, serious gaps
in necessary communications still plague us, and not
all adversary situations have yel been dissolved in
an atmosphere of co-operation, but we should remind
ourselves that we are still learning how to cope with
problems whose full dimensions remain to be deter-
mined.

At least some of the picces have been falling into
place. The geologist, for example, has improved his
capacity for identifying many kinds of hazards, and,
often in collaboration with the engineer, for charac-
terizing them and estimating the seriousness of risk
they present. Too, he is learning that his inputis only
a part of what is needed, and that it is betier (o say,
“You should consider this problem before you decide
on his site, on this design, or even on a general ‘go’
or ‘no-go’ for the project,” than flatly to state, solely
from his own findings, “This site is no good,” “The
design must be changed,” or “The project should be
abandoned.” And rarcly does the engincer insist,
“We have no problems of physical hazards here, or
at least none that we cannot accommodate in de-
sign,” unless he has good reasons for doing so. All
of which is fortunate, because accurate combined
input from such sources is an absolute necessity for
wise [inal decisions that also require attention from
experts in other fields. In many instances, public
agencies or parts of the public sector are inescapably
involved as well.

Perhaps T can bring these somewhat generalized
pronouncements into focus by briefly sketching the
many years of struggle by the City of Los Angeles
with problems related to hillside grading. Here, at
the close of World War IT, was a growing metropolis
in which most of the relatively {lat land already had
been put to urban use. Pressure for additional land
development perforce was directed upward into the
hills, and at a time when a new arsenal of mecha-
nized tools was available for large-scale modifica-
tion of sloping terrain. These tools were quickly put
to use in slicing ridges and filling canyons, and by
1950 a new style of land development had been
cstablished. For one residential tract in the Santa

Monica Mountains the grading costs alone amounted
to more than $5,000 per lot, a hitherto unheard-of
kind of investment. Bul it soon became almost par
for the course, and before long it was excecded
substantially in some areas.

Then the rains came, and with torrential force
during storms in the winter season of 1951-52.
Enormous amounts of material slid or were peeled
from the fresh faces of new cuts and new prisms of
fill, and were carried downward among homes, new
and old alike, that lay below. The results were dev-
astating, even though they provided splendid ex-
amples of landsliding, gully cutting, and debris-flow
activities for geology ficld trips. Property damage
amounted to ncarly S8 million, and prompied a great
public outery that, to the surprise of many, begat
almost immediate results.

Gilbert Morris, a tough-minded engineer who then
headed the City s Department of Building and Safety,
had been trying unsuccessfully for vears to obtain
regulatory legislation for hillside grading. But this
dedicated man had not given up, and when he saw
opportunity in the form of a temporarily aroused
public, he stepped forward with responsive legisla-
tion already in hand. Almost before its citizenry
knew what was happening, Los Angeles had adopted
the Grading Ordinance of 1952, the first regulatory
measure of its kind anywhere. Soon a differcnt kind
of outcry arose. Not only from land developers, as
one might imagine, but in large part from individual
property owners. Nobody, it would scem, becomes
more irritated than the person who is told that, for
his own good, he may not do something. Never was
this more clearly demonstrated than in Los Angeles
when some relatively mild constraints were first
imposed on grading activities.

The ordinance, desirable as it was, prompted a new
series of operational problems, thereby revealing
once again that good legislation is often no more
than a good beginning. As a state senator once put
it, in a different but related context, “If you’re lucky,
you have enlered a den of somewhat sluggish snakes
that can be subdued over a period of time, but if
you're not, you have opened Pandora’s box.” The
subsequent record suggests that the Los Angeles ex-
perience was something in between.

Once some rules were laid down for new grading
in hillside areas, and once such areas were defined,
a new Grading Sectlion was established within the
Department of Building and Salety in order to apply
the rules through inspection and certification. Grad-
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ing permits were required, and they were not issued
until the plans had been examined and approved. A
team of inspectors was assembled, trained, and put
to work in the checking of grading as it was being
done. The action was lively and yielded salutary
results, despite much early confusion and some serious
problems. Most problems of substance were geo-
logic, which was unfortunate because no geologists
were then included among the Department’s staff,
Engineers of the Grading Section made some astute
decisions in identifying properties for which geo-
logic reports should be required, but when such
reports were delivered, it was no casy task to review
them for accuracy, pertinence, and soundness of
recommendations.

It was an uneasy time, during which occurrences
of ground failure in some carcfully engincered
projects could be traced 10 lack of geologic under-
standing. In most of these projects nothing beyond
engineering analyses had been made, but in others
the grading plans had been backed up by geologic
reports. At the request of the City, several experi-
enced engineering geologists reviewed these reports
and made discouraging discoveries. Nearly hall of
the reports obviously had been submitted by people
with little or no experience in geology as applied (o
engineering works, and at least half of them either
were essentially without pertinent data or presented
no more than generalized information rather crudely
abstracted from the published record. Little more
than one out of ten contained maps or sections that
had been prepared al an appropriate scale or in
suitable detail. With a few refreshing exceptions,
these reports offered various combinations of no
data and firm conclusions, no data or conclusions but
much discussion, some data without discussion or
conclusions, and so on; name a combination, and it
was present somewhere in the pile. Less than ten
percent of those reports would have been regarded
as acceptable when submitted, had the City of Los
Angeles then been favored with the kind of geologi-
cal staff it has today. So this was 4 major problem.

There were many competent geologists in the Los
Angeles arca at that time, as there arc now. But how
could they be recognized and how could more of
them be attracted to this important work? How could
decision-makers in the Grading Section be spared
reviews of when the ancient seas came in and when
they went out in a particular area, or discussions of
faults in the desert a hundred miles away? How
could they instead be assured, for example, of three-

dimensional analyses that might better contribute 1o
reasonable conclusions on local ground stability?

For openers, the Department established an Engi-
neering Geologists Qualification Board, with re-
sponsibilities for examining applicants and judging
their experience and capabilities. Thus the City
undertook some of the difficult, and at times painful,
procedures thal the State of California later em-
ployed in establishing criteria for the licensing of
geologists. Technically unqualified opportunists
thereby were dealt out of the game, and soon there
was a growing number of effective malch-ups be-
tween problems and practitioners. Even so, there
were some slip-ups. There also were continuing
irregularities in the contents of geologic reports, so
that the Board found it necessary 1o issue a sel of
guidelines indicating desired coverage and, where
appropriate, lines of detailed inquiry.

And so it went, with the system being improved
incrementally from a growing body of experience.
Then, in the winter season of 196162, the effects
of severe storm rainfall revealed a need for further
tightening of the ground rules. This was done in
1963, with special attention given to means for
insuring thorough pre-grading studies, translation of
the study results into specifications, and inspection
of graded sites 1o determine whether all specifica-
tions had been met.

The resulting regulations were the toughest any-
where at that time, and they have served as models
for many other cities and counties. That they have
been well worth the effort is indicated by impressive
reductions in frequency of ground failure and amount
of associated damage. The financial losses that have
been forestalled cannot be readily estimated, but
they could well be at an average annual level of
millions of dollars in the City of Los Angeles alone.

The systematic, monitored approach to grading
and other forms of land development has long since
spread into the San Francisco Bay region, albeit not
uniformly by any means. Here we have learned
much from experiences in areas to the south, but we
also hear many of those old, familiar questions. How
does one identify a good geologist? How can good
geologic and engineering input be assurcd? How can
the small-property owner be well served? And how
can geologists and engineers continue to undertake
certain kinds of investigations that, though required
by law, seem Lo invite expensive lawsuits? We still
have more challenging questions than good answers,
but let us not be discouraged.
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I'll finish here with a few comments about the
Alquist-Priolo Act, the mention of which has been
made repeatedly in the discussions today. This Act
has not been welcomed by all; in part because it
imposes certain new constraints, and in part because
its intent and specifications often have been misread
or misunderstood. Maligned or not, it is likely Lo join
the 1933 Field Act and the 1952 Los Angeles Grad-
ing Ordinance as a piece of landmark legislation.
Addressed to the problem of surface faulting, which
admittedly is only a thin volume in the long book-
shelf of physical hazards, il is a pioneering cffort to
scale down future disasters, an effort made from an
unavoidably incomplete base of the detailed data re-
quired for specific regulations. It is a negative an-
swer, and happily so in my view, to the old question
of whether we must wait until we learn all there is
to know about a hazard before we make formal
attempts to deal with it,

The Act derives from the single and simple prem-
ise that it makes little sense to place a slructure
intended for human occupancy across an active fault
trace. But conversion of this premise into effective
legislation proved to be no simple matter. Which
faults in California are active? Exactly where, in a
given area, are individual active fault traces? What
kinds of structures should be specified under the
Act, and what regulations should be applied to their
siting? And, not least important, who should decide
on such matters?

Here the State took a leaf from the book of the
Atomic Energy Commission, a leaf representing
years of wrestling with the same problem in the
critical context of nuclear power plants. The basic
approach is to begin with a full assemblage of exist-
ing data, then to recognize that for most localities the
assemblage is incomplete, and finally to provide
guidelines for further studies where they are neces-
sary for an understanding of hazard and risk. Thus
the Alquist-Priolo Act specifics only four of the
State's major active faults, and provides for special
studies to be made before certain kinds of structures
are built within zones delincated along these faulis

by the State Division of Mines and Geology. Pri-
mary responsibility for translating results of these
studies into decisions on siting of the subject struc-
turcs rests at city and county levels, with provision
for special appeals at the State level. This seems 10
have presented few serious procedural difficulties
for those cities and counties already concerned and
experienced with responses to physical hazards.

Some people have worried about possible reduc-
tion of land values along traces of the specificd
faults. Thus far, most of these concerns appears o
have been exaggerated, but on this score it is fair to
paraphrase a question that was courageously raised
by Don Nichols earlier in the day: Should property
values govern our responses to physical hazards, or
should we revert to those earlier times when it was
fashionable to speak softly about the existence of our
active faults, 1o times when a Berkeley professor
mapped parts of the Hayward fault zone but in effect
was enjoined from including this information on his
geologic map when it was published? If we should,
there is little reason for a workshop of the kind held
today. Somchow we must be more effective in
communicating the message that some ground is
poorer than other ground in terms of such factors as
intrinsic stability, behavior under seismic loading,
and liability to fault rupture.

From time to time¢ we remind ourselves that we
live in a period of human history when vast changes
are being made in our resource base and life style.
Let us be consistent and also remind ourselves that
the problems discussed and lamented here today
reflect transitory stages in a sort of evolutionary pro-
gression, and that most of our troubles on this score
are akin to growing pains. We really have no choice
but to respond and learn. This should not take too
long if we react positively to the lessons of work-
shops like this, and if we can concentrate on “getting
it all together™ in the form of more systematic treat-
ments of what must be accepted as highly complex
problems. In almost anyone’s view, the next decade
should be an exciting and fruitful time.



