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Cover photo : Point Dume, Los Angeles County. During the past three 
decades paleomagnetic patterns in the earth's rocks provided scientists 
with a valuable tool for deciphering how continental plates have migrated, 
subducted, and collided to form the modern world topography. Within 
recent years scientists used paleomagnetic investigations to discover that the 
Transverse Ranges and portions of the continental borderland in southern 
California have rotated at least 80 degrees since the Miocene Epoch . 
Recent paleomagnetic investigations of the Miocene age Zuma Volcanics 
at Point Dume support that contention. An article about the methodology 
and the conclusions of paleomagnetic investigations at Point Dume starts 
on page 243. Photo by J. C. Liddicoat. 

Hazardous Materials Course 

UNR Symposium 

• 

• 
Fi ndlay College of Ohio and the Assoc ia­

tion of Ground Water Scientist and Engi­
neers, a division of th e National Water Well 
Association , are offer ing a fi fty-hour, five ­
day cer tific ate program in th e manage ment 
of haza rdous material s and hazardous wastes. 
The program will be held Janu ary 30 through 
Febru ary 3, 1989 in Findlay , Ohio . 

The course is planned for technical and 
profess ional peop le work ing in the industry. 
Top ic s to be di scussed include: the history 
of hazardous waste industr y reg ul atory co m­
pli ance , haza rdous material s manageme nt, 
treat ment technologies for haza rdous was te, 
hea lth and safe ty, toxicology , ri sk assess­
ment , air and water qua lit y, and consult ant 
se lect ion. 

The Twenty-fifth Sympos ium on Engineer­
in g Geology and Geotech ni ca l Eng ineer in g 
wi ll be held March 20-23 , 1989 at th e Uni ­
versit y of Nevada- Reno. Topics will include: 
was te management and des ign for nuclear 
and chemical was te; geop hys ic a l and in-s itu 
methods of site characterization ; geotec hni ­
ca l app li cat ions of geos tati stics a nd probabi l­
ity; engineering solutions to geologic hazards; 
ea rthqu ake and fo undati on engin eer ing; 
highway mater ials and paveme nt design. 

For additi onal information co nt act: 

John Hosty 
Findlay Co ll ege 
I 000 North Main Street 
Findlay , OH 45840 
(4 19) 424-4572 

or 
at ional Water Wel l Assoc iation 

6375 Ri verside Drive 
Dublin , OH 430 17 
(6 14) 76 1-1711 ~ 
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For add itional inform ati on co nt act: 

Dr. Bob Watters 
Mackay Schoo l of Mines 
University of Nevada-Reno 
Reno , NV 89557 
(702) 784-6069 

or 
Dr. Gary Norri s 
Co llege of Engineering 
University of Nevada-Reno 
Reno, NY 89557 
(702) 784-6835 ~ 
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Paleomagnetism of the Zuma Volcanics 
POINTDUME 

The earth 's north and south magnetic poles 
migrate and reverse polarity over time. 
Paleomagnetism is the study of remanent 
magnetization in rocks containing iron -bearing 
minerals, such as hematite and magnetite, to de-
termine past positions, intensities, and reversa ls 
in the earth's magnetic field . For example, as 
erupted lavas conta ining magnetite cool, the 
iron-bearing crystals become aligned parallel to 
the earth's magnetic field . The paleomagnetic re­
cord w ithin those rocks is used by earth scientists 
to determine the geologic history of the earth 's 
crust. This article reports a paleomagnetic investi ­
gation of the Zuma Volcanics which supports the 
contention that the Transverse Ranges and por­
tions of the continental borderland in southern 
Californ ia have rotated 80 degrees clockwise 
during the past 16 million years ... editor. 

INTRODUCTION 

I n recent years an interesting model has 
been developed for Neogene tectonic 

ac tivity in southern California based on 
paleomagnetic data . In the model, dextral 
motion between the Pacific and North 
American plates produced clockwise rota­
tion of tectonic blocks bound by pre-ex ist­
ing north-to-northeast trending normal 
fau lts (Kamerling and Luyendyk , 1979; 
Luyendyk and others, 1980; Hornafius , 
1985; Kamerling and Luyendyk, 1985; 
Luyendyk and others , 1985 ; Terres and 
Luyendyk , 1985; Hornafius and others, 
1986). These rotations are as much as 120 
degrees in re lation to a vertical ax is and 
were accompanied by left-lateral displace­
ment on the bordering faults. Using data 
collected from volcanic a nd sedimentary 
rocks, the rea lignment for the interval 
from 16 million yea rs (m .y .) to 6 m.y. 
is presen ted in Figure I (Hornafius and 
others , 1986) . 

The paleomagnetic modeling data for 
. the western Transverse Ranges are from 
the Miocene age Conejo Volcanics that 
are north of the Malibu Coast fault (Fig­
ure 2) (Kamerling and Luyendyk , 1979) . 

Los Angeles County, California 

By 

EARTH SCIENCES BOARD 
University of California, Santa Cruz 

Photo 1. Point Dume, Los Angeles County. The rocks that make up the cliff face on the point are 
Miocene age Zuma Volcanics; the sea cliff in the foreground is the Monterey Formation . Photo 
by J.C. Liddicoat. 

The mean magnetic declination is anoma­
lous by about 80 degrees in the clockwise 
sense . This declination should also be 
present in time-equivalent vo lcanic rocks 
south of the fault if the region between 
the Santa Ynez and Dume faults rotated 
as a whole (Figure 1 ). To explore that 
possibility, a paleomagnetic investigation 
was made of the Zuma Volcanics in the 
southernmost part of the ge neral region 
between the Malibu Coast a nd the Dume 
faults. 

LITHOLOGY AND SAMPLE SITE 

The Zuma Volcanics is early to middle 
Miocene in age and consists of basalt and 
andesite f lows , breccias , pillow lavas , 
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mudflow breccias , a nd aq uagene tuffs* 
that are interbedded a nd overlain by the 
Monterey Formation (Photo 1) (Yerkes 
and Campbell, 1979). Locally the Zuma 
Volcanics contai ns iltstone and shale 
beds th at are assigned to middle Miocene 
foraminiferal faunal stages (Relizian and 
Luisian stages) (Kleinpel l, 1938). Fauna 
ages and a potassium/argon date of 14.6 
± I m.y. (Berry and others , 1976) from 
the southern tip of Point Dume place 
the Zuma Volcanics coeva l w ith the 
Conejo Volca nics (Yerkes a nd 
Campbell, 1979). 

* An aq uagene tuff is depos ited in water a nd has a n angula r 
fragmentary tex ture . 
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Figure l. Configuration of southern Cal ifornia (A) 16 m.y. ago and (B) 6 m.y. ago as modeled by 
Hornafius and others (1986) . In B, note the nearly 80 degree clockwise rotation of the tectonic block 
that is bordered on the north by the Santo Ynez fault and on the south by the Dume fault; it is the 
region highlighted by hachures. Point Dume (PD in B) is between the Mal ibu Coast fault and Dume 
fault . Modified after Hornafius and others (1986) 
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Oriented hand samples of the Zuma 
Volcanics were collected at s ix s ites along 
a 150 m transect on the southwestern end 
of Point Dume. No in -sit u oriented cores 
were drilled because they would deface 
the sea c liff which is in the popular Point 
Dume State Beach . The purpose of this 
st udy was to document the presence or 
absence of a large-sca le rotation of ap­
proximately 80 degrees similar to that 
known in the Conejo Volcanics north of 
the Malibu Coast fault as shown in fig­
ures l and 2. An estimated or ientation 
error of 5 degrees in th e horizontal pl ane 
and lO degrees in the vertical pla ne 
seemed adequate for that purpose. 

Figure 2. Mop of western Transverse Ranges and 
continenta l borderland showing declination (ar­
rows in shaded circles) in M iocene volcanics stud­
ied by Komerling and Luyendyk (1979) and 
declination in the Zuma Volcanics at Point Dume 
(unshaded circle) from this report. Note the decli­
nation for the Zumo and Conejo volcanics is par­
allel and approximately 80 degrees clockwise 
from normal polarity; normal polarity close ly 
paralle ls the present ambient geomagnetic field 
direction . Modified after Kamerling and Luyendyk 

(1979) . • 
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LABORATORY PROCEDURES 

In the laboratory, 11-cubic-centimeter 
cores were measured in a cryogenic mag­
netometer. These spec imens were subject 
to either altern ating fie ld de magneti zation 
or therma l demag neti zation in incremen­
ta l steps to 999 oersteds (99.9 milliteslas) 
or 585 deg ree centig rade, respectively 
(Figure 3). The pec imens do not contain 
a secondary mag net ization of impor­
tance, and a blocking temperature* of 
585 degrees cent ig rade identi f ies mag ne­
tite as the pr imary source of the rema nent 
magnetization. 

Samples of the Zuma Volcanics were 
also sought south of the Malibu Coast 
fa ult. Outcrops of thi s unit are described 
in the literature (Yerkes and Campbell , 
1979) and are on the geo logic map of the 
east-cent ral Sa nta Monica Mountains 
(Yerkes and Campbell, 1980). However, 
no other accessible localities were found 
where the volcanics are unweathered or 
unbrecciated . Exposures of the Zuma 
Volcanics at the eastern and southern 
ends of Point Dume are inaccess ible by 
foo t which prevented sample collecting 
at those localities. Therefore, sampling 
was confined to the southwe tern end 
of the point. 

* Blocking temperature is th at tempera ture below which 
a rock has a stable remanen t magnetization . 
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Figure 3. Vector diagrams and norma lized intensi ty for specimens A and B f rom Site 6 in the Zumo 
Volcan ics at Po int Dume fo llow ing (A) therma l demag netization to 585°C, and (B) alternating field 
demagnetization to 999 oersteds. Th e specim ens record reversed polarity and the blocking 
temperature in (A ) is 585°C. In the vector diagrams, sol id circl es ore projections on the NS-EW plan e 
and open circles ore pro ject ions on the EW-vertical plane. Divis ions on the axes in the vector plots are 
2.50 X 10 - 5 electro-magnetic un its/cubic centimeter and th e numbers next to th e dots are the level of 
de mag netizotion . 

TABLE 1. PALEOMAGNETIC DATA FOR THE ZUMA VOLCANICS, POINT DUME, CALIFORNIA 

The Miocene age Monterey Form ation 
in the sea cliffs adj acent to the Zuma Vol­
canics does not contain a clear primary 
mag neti zation . Spec imens from a sample 
collected about 100m northwest of Site 6 
are weakly magnet ized (undemagneti zed 
natural rema nent magnet is m - NRM ­
is 5 x J0 - 7 e lectro-mag netic units/cubi c 
cent imeter) a nd have paleomag netic d i­
rec tions th at are close to an ax ia l di pole 
f ield before applying a bedding cor rec­
tion . Because of the ambig uous rema nent 
mag neti zation in the Monterey Forma­
tion , we d id not ex plore further the des ir­
able poss ib ili ty of record ing tectonic 
rota tion in igneous a nd sedimentary rocks 
of si milar age from a s ingle locality . 

SITE INCL DECL N a95 PLAT PLONG 

1 - 25 .5 287.1 7 55.5 8.2 6.2 N 130.5 E 
2 - 36 .5 264.8 13 28.1 8.0 15.3 s 136.8 E 
3 - 36 .3 215.4 4 299.7 5.3 55 .8 s 165.8 E 
4 - 58 .3 217.6 10 84.3 5.3 59.5 s 130.7 E 
5 - 40 .0 283.5 5 585.5 3.2 2.2 s 125.0 E 
6 - 38 .9 257.7 6 20.6 15.1 21.9 s 138.8 E 
All Data - 43.3 258.5 45 10.7 6.8 22 .8 s 135. 3 E 
Sites 1, 2, - 35 .6 271 .9 31 22.4 5.6 9.4 s 133.7 E 

5, and 6 
Sites 3 and 4 - 52.0 216.8 14 39.7 6.4 59 .4 s 143.3 E 
Sites means - 42 .7 257.5 6 10.2 22 .0 23 .4 s 136.2 E 

SITE: Site number 
INCL: Mean incl ination (degrees) 
DECL: Mean decl ination (degrees) 
N : Number of specimens measu red 
k: Fisher precision parameter 
a 95: A lpha-95, rad ius (deg rees) of circle of 95 percent confidence about the mean 

paleomagneti c direction 
PLAT: La ti tude of virtual geomagnetic pol e (VGP) 
PLONG: Longitude of VGP 
TEST: Level of demagnetization (mill iteslo s, degrees Celsi us) used for the site mean 

paleomagnetic direction 

CALI FORNIA G EOLOGY 

TEST 

30, 500° 
30 
30, 500° 
30, 500° 
30, 500° 
30 

November 1988 

PALEOMAGNETIC DATA INTERPRETATION 

T he collected spec imens record re­
versed polar ity and have a dec lination 
that is bia ed to the west (s ites I , 2, 5 , 
and 6) or southwest (s ites 3 a nd 4) . Mean 
dec linat ion and the assoc ia ted confidence 
levels of 95 percent (termed alph a-95s) 
(Fisher , 1953) for individual sites are 
plotted in Figure 4a. The mea n paleo­
magnetic directions fo r a ll speci mens 
(N = 45) is decli nation of 258.5 deg rees 
and incl in ation of - 43.3 deg rees 
(Table I ). 
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Although the grouping of paleomag­
netic directions for individual sites is 
quite good (except for Site 6 where alpha-
95 is 15 .5 degrees , the other sites have an 
alpha-95 of 8.2 degrees or less), there is 
considerable scatter in declination be­
tween sites. This might be attributed to 
poor sample orientation or could reflect 
secular variation if the volcanic rock was 
intrusive and cooled slowly. The latter 
po sibility is favored because the field 
orientation for azimuth direction was 
done with care and did not exceed an 
orientat ion error of 5 degrees. 

Inclination of an axial dipole (rever e) 
field for the locality is - 53.5 degrees. 
This inclination is best approximated at 
Site 4 ( - 58.3 degrees) but is as low as 
-25.5 degrees at Site I. Some of the 
nearly I 0 degrees of discrepancy for all 
data ( - 53 .5 degrees versus - 43.3 de­
grees) might come from tilting of the vol­
canic rocks along the fau lt that separates 
them from the Monterey Format ion 
(Figure 5). 

The Zuma Volcanics at Point Dume is 
not a series of lava flows; therefore, an at­
titude (strike and dip) could not be mea­
sured. Tilting exposed in nearby cliffs and 
paralleling the bedding in the Monterey 
Formation which abuts Zuma Volcanics 
rocks was discounted. These sediments 
dip 30 degrees to the northeast around a 
str ike of about 300 degrees. If this cor­
rection is applied to the volcanic rocks , 
the inclination would approach hori zontal 
and be even more anomalous. For this 
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reason , and because there is no evidence 
of a partial magnetic overprint in the 
volcan ics that cannot be removed during 
demagnetization , it is likely that the 
shallow inclinat ion results from a combi­
nation of secular variation and horizontal 
errors in the fie ld and laboratory prepara­
tion of samples . 

Another possibility is that the Zuma 
Volcanics was formed in a more southerly 
latitude (by about 10 degrees). The likeli­
hood th at this concept is applicable to this 
investigation should be viewed conserva­
tively because on ly the locality at Point 
Dume is involved . This consideration, 
however, is supported by the hypothesis 
that the western Transverse Ranges and 
outer continental borderland originated 
west of Baja Cal ifornia (Crouch , 1979). 

Kamerling and Luyendyk ( 1979) 
applied the hypothesis by Crouch (1979) 
that the western Transverse Ranges and 
the outer continental borderland formed 
west of Baja California, which would 
also place the Zuma Volcanics at a more 
southerly latitude. Kamerling a nd Luyen­
dyk (1979) then proposed three pre-rota­
tion positions for the region shaded in 
Figure 1 and put the southern boundary 
of the region at about 26.5 degrees north 
latitude. Interpretation aside, it is remark­
able that the Zuma Volcanics and Conejo 
Volcanics have nearly identical mean in­
clinat ions: - 43 .3 degrees versus - 44.8 
degrees , respectively. The inclination for 
the Conejo Volcanics is from Table I in 
Kamerling and Luyendyk (1979) . 
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Figure 4. Equal-area plot of (A) site means d irec ­
tions and circles of 95 percent confidence for the 
Zuma Volcanics at Point Dume and (B) directions 
of individual specimens. The open triangle in (A) 
is the mean for the six sites and in (B) it is for all 
specimens (N = 45); the 95 percent circle of 
confidence is shown in B. The mean declination 
for the six sites is 257.5 degrees (77.5 degrees 
for normal polarity) . All data are plotted on the 
upper hemisphere. 

SUMMARY 

The paleomagnetic data for the Zuma 
Volcanics from thi investigation rein­
force the conclusion of Hornafius a nd 
others ( 1986) that the position of south­
ern Ca li fornia defined by the Malibu 
Coast fault and Dume fault has rotated 
clockwise by a minimum of 80 degrees 
since the middle Miocene . Pos ible ev i­
dence for such rotational motion in the 
Los Angeles Basin to the south might be 
found in the El Modeno (Yerkes, 1957) 
and Glendora (Shelton, 1965) volcanics 
of middle Miocene age that bracket the 
Whittier-Elsinore fault zone in the north­
ern part of the basin. However , initial 
samples and paleomagnetic data collected 
from both formation s do not show a rota­
tion across the fault zone. That is con­
trary to paleomagnetic data for Pliocene­
Pleistocene sediments (from the Imperial 
and Palm Springs formations) in the west­
ern Imperial Valley that show up to 35 
degrees of clockwi e rotation on the 
north side of the fault zone (Johnson 
a nd others, 1983). 
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Trivia 
1. What was the most destructive historical 

earthquake? 
2. What was the most destructive earthquake in 

this century? 
3. What was the largest earthquake ever re ­

corded? 
4. What is the name of Alfred W egener' s book 

wh ich presents the theory that all major conti­

nents on earth today were once united in to a 
single landmass called Pangaea? 
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Geologic Walkabout* 
in AUSTRALIA 

By 

M ary C. Woods, Geologist 
Division of M ines and Geology 

D uring 1988 Australians a re celebrat­
ing the 200th a nn iversary of the 

settlement of the is land cont inent by Eu­
ropea ns. T he Latin term " te rra austra li s 
incogni ta" (unknown southern land) was 
used by ca rtographers a nd seamen on 
ea rly maps as a generic name for a la nd 
mass tha t was thought to exist in the vast 
void of the southern Pac if ic Ocean . In 
1770 when Capta in James Cooke d iscov­
ered the la nd he named it New South 
Wa les (Butts, 1970). 

The conti nent of Aust ra li a covers 
2,867 , 74 1 square miles in the southern 
hem isphere be twee n the Indian Ocean on 
the west a nd the South Pac ific Ocean on 
the east (Fig ure I) . It is approx imate ly the 
size of the cont inenta l Un ited Sta tes . 

*re fer' to the nomadi c life of the Abo r ig ines as they 
wandered abou t the land 'cc kin g food . 
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Aust ra lia is the fl attes t , dr ies t , o ldest, 
most iso lated geog raphic la nd mass, a nd 
one of the least popul ated cont inents. 
Only about I 0 percent of the la nd is ara­
ble. About 20 percent of the land is hi ll y 
or mounta inous. T he highest po int is 
Mount Kosc iusko, which is 7 ,3 16 fee t 
in e levation . 

T he majo rity of the approxi mately 16 
mil lion people of Austra li a li ve in sub­
tropical to temperate regions a long 
coasta l areas in the east , th e southeast , 
and the southwest. 

T he vas t inter ior (called the outback or 
bush) is mai nly deser t where there are 
few roads or popu la ted a reas. T he Top , as 
the northern area is called , has a hot, hu­
mid subequator ia l c limate and semidesert 
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Figure 1. 
M ap of Austra lia showing 
loca li ties mentioned in text. 

cond itions in land. T he largest c ity in the 
northern area is Darwin (Butts, 1970). 

GEOLOGIC FEATURES 

This vas t craton is the o ldest of th e 
continents. It came into being as an is­
la nd continent in the Triass ic Per iod (255 
mil lion years ago) dur ing the gradua l 
break up of the a nc ient Gondwa nala nd 
la ndmass, which was the parent land of 
Austra li a, Antarc tica, South A mer ica , 
a nd Afr ica. T he bounda ry of the Austra­
li an plate is some di stance away f rom the 
continent a nd the center o f the a rea (Aus­
tra lia) is stable. There a re no ac tive vol­
ca noes in Aust ra li a a nd se ism ic ac tiv ity is 
re latively lower th an it is at plate marg ins; 
however , some damag ing earthquakes 
have occurred in Austra lia . 

• 

• 
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In Permian time the parent land mass was 
still intact a nd glaciers covered most of 
the southern land. The Permian glaciers 
left their mark on the land that broke off 
during drifting of the continents (Cooper , 
and others, 1976). 

Ayers Rock- Mount Olga National Park 

Ayers Rock in the Northern Territory 
is a mammoth inselberg* of Precambrian 
arkosic sandstone rising abrupt ly I, 143 
feet above the desert floor in central Aus­
tralia. It has been an object of wonder 
since humans first saw it. The Aborigines 
have lived on the continent for 40,000 
years; they consider it a sacred spot. The 
native name for the rock is Uluru. Euro­
pean settlers and others from many coun­
tries find it equally fascinating. Uluru­
the subject of mythology, fo lk-ta les, and 
scientific investigations- is a focal point 
of Uluru-Mt. Olga National Park. 

Glacial striations on Precambrian rock, Hallett Cove, South Australia. Photo by Marjorie J. Duffy. 

Hallett Cove Conservation Park 

Some clues to the close ties between 
Australia and Antartica are found at Hal ­
lett Cove on the Fleurieu Peninsula south 
of the city of Adelaide , South Australia. 

At this locality the orientation of gla­
cia l striation. on Precambrian quartzite 
bedrock indicates that a massive glacier 
moved from the south across the area . In 
the geolog ic record at Hallett Cove , Pre­
cambrian rocks are overlain by Permian 
glac ial deposits. Today there is a deep 
ocean between Australia and Antarctica. 

CALIFORNIA GEOLOGY 

In Precambrian time the area was a 
vast sea where thick sequences of sedi­
ment accumulated in horizontal layers . 
Over geologic time the sand was com­
pressed into sandstone. The strata were 
tilted almost vertically by regional tec­
tonic movement about 500 million years 
ago (during the Ordovician Period) . 

* isola ted rc> idual hill or knob. characteristi c o r an arid 
region in a late stage or eros ion. 

<11111111 Ayers Rock, Northern Territory. Inset, aerial view of Ayers Rock. This huge 
inselberg is composed of resistant arkosic sandstone. Various references 
give it an age range from Precambrian to Ordovician. Photos by Mary C. 
Woods, except as noted. 
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The region of tilted rock was eroded over 
a time span of about 460 million years. 
Several thousand square miles surround­
ing the area were eroded leaving the most 
resistant rock (such as Ayers Rock and the 
Olgas) standing high above the de ert. 

The Mount Olga group approximately 
20 miles west of Ayers Rock is made up 
of rock which has rounded ridges and 
domes that appear to be giant caterpillars 
huddled together. The native name for the 
Olgas is Kata Tjuta. The rocks are I ,000 
feet high and are composed of a massive 
conglomerate facies of Cambrian sand­
stone. Conglomerate cia ts of the Mount 
Olga Group range from pebbles to 
boulders (Wooley, 1977). 

During Tertiary time the inselbergs 
were islands in an extensive lake. The 
bedrock in this area is about 200 feet be­
low the sand and clay deposited by lacus­
trine processes in the surrounding area. 
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<111111 Mount Olga Group, Northern Territory. Inset, aerial view of Mount Olga 
Group. These inselbergs ore formed in the resistant Mount Currie Conglom­
erate (Cambrian}. 

The appearance of ribs on Ayers Rock 
is due to weathering of the tilted strati­
fied sandstone. The rounded surface of 
the rock is the result of spa! ling, a weath­
eri ng process that causes flakes or plates 
to slough off the homogeneous surface. 
The sandstone mass of Ayers rock has 
almost no planes of weakness (joints 
or faults). 

The massive conglomerate of Mount 
Olga has nearly horizontal bedding with 
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vertical joints . Erosion along the joints 
has formed ridges and hills separated by 
steep sided valleys (Oilier, 1980). Iron 
oxides give the red color to the rocks and 
surrounding soi ls . 

Katherine Gorge National Park 

A thick sequence of sedimentary and 
volcanic deposits of Precambrian age 
(1800-2200 million years old) occurs in 
the Arnhem Land Plateau near Darwin , 
Northern Territory. The drainage of the 
Katherine River developed in joints in the 
massive siltstone and sandstone deposits. 
The river cut down into the joints as the 
land was uplifted forming steep sided 
cliffs (Walpole and others, 1968) . This 
scenic area is a national park and con­
tains ancient rock art of the Aborigines. 

Kakadu National Park 

The Arnhem Land Escarpment and 
Plateau are the outstanding topographic 
features in this park which was estab­
lished in 1979. The area is inhabited by 
about 150 Aborigines who combine their 
ancient stone-age culture with that of 
modern times. In this area of 6,600 

<111111 Katherine Gorge. The Katherine River has cut 
through the Arnhem Land Plateau along joints in 
the massive sandstone. Photo by Marjorie J. Duffy. 
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square miles there are about 5,000 rock­
art sites sacred to the Aborigines. Some 
of the rock art is reported to be 20,000 to 
35,000 years old (Breeden, 1988) . 

This vast park of floodplains , tidal 
flats, and billabongs* (marshy areas 
formed by cutoff segments of meandering 
streams) is noted for the great variety of 
wildlife present in the area- 50 species 
of mammals , 75 species of reptiles (i n­
cluding man-eat ing sa lt-water crocodiles), 
275 species of birds, and many other 
forms of fauna as well as flora . 

There are mineral deposits present in 
the park and uranium is mined at one site 
in the park. 

Nambung Nationa l Park 

The Pinnacles Desert is a geo logical 
curiosity in the Nambung National Park 
on the coast north of Perth , Western Aus­
tralia . The resistant rock columns known 
as the Pinnacles are in the Pleistocene 
Tamala Limestone , a formation composed 
of lime and quartz sand. The columns 
range from a few inches to about 15 feet 
in height. They were formed by water 
percolating downward into the limestone 
over thousands of years. As the water 
seeped downward it disso lved the lime 
and deposited it as calcite along the root 
systems of plants and in fractures and 
channels in the sediments , forming an 
irregular surface below the leached sand . 

*native name mea ning '' dead ri ve r . .. 

Billabong, a marshy cutoff segment of a river meander, Kakadu National Park. The wetland forms the 
habitat for numerous fauna and flora . Photo by Mariorie J. Duffy. 

Over time eros ion removed the soft sedi­
ments and left the more resistant columns 
formed by the leach ing process (Playford 
and others , 1976). 

MINERAL RESOURCES 

Mining is a major industry. Mineral 
resources include iron, lead, zinc, copper , 
silver, gold , uranium , ni ckel, coal , oil 
and gas, and bauxite. The bauxite depos­
its on Cape York Peninsu la are the larges t 
in the world (Butts, 1970). Australia pro­
vides roughly 70 percent of the petroleum 
used in the country and it produces nearly 
18 percent of the world's uranium . 
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Australia ranks second in iron ore pro­
duction. Iron ore is found in Precambrian 
sedimentary rocks that were deposited 
2000 million years ago. Iron deposits are 
widespread in Precambrian and Paleozoic 
rocks of western and central Australia. 
The Precambrian Brockman Formation is 
extensive in the Pilbara and Hamersley 
ore provinces of Western Australia (Fair­
bridge, 1975). 

The Mount Isa copper-silver-lead-zinc 
deposit in Queensland is one of the larg­
est lead-zinc producers in the world. The 
richest silver-lead-zinc mine is located at 
Broken Hill, New South Wales (Jensen 
and Bateman , 1981 ). 

Australia supplies about 90 percent of 
the world's opals, which are highly prized 
for their vivid fire. Rare black opals are 
found at Lightning Ridge, New South 
Wales and Coober Pedy, South Australia. 
At Coober Pedy in the Stuart Range , the 
largest opal producing area , the matrix in 
which the opal occurs is leached sandy 
claystone. The sed iment was deposited in 
a marine environment during the Creta­
ceous Period. The rocks were subsequently 
deeply weathered during the Tertiary 
Period. Opal also occurs at various other 
localities in Precambrian, Paleozoic , and 
Tertiary sed iments (Jensen and Bateman, 
1981) . 

~ Pinnacles, Nambung National Park, Western 
Australia . These limestone columns are erosional 
features developed in the Pleistocene Tamala 
Limestone. Photo by Mariorie J. Duffy. 
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Aerial view of an eroded anticline with mean­
dering river cutting across the eroded surface, 
western Macdonnell Ranges southwest of Alice 
Springs, Northern Territory. O il and gas deposits 
occur in the general area. 

In 1979 diamonds were discovered in 
the remote Kimberley area of northwest­
ern Australia. Diamonds from the Argyle 
kimberlite are popular for the range of 
color which grades from white to cham­
pagne to cognac. Based on the volume of 
diamonds (30 million carats per year), the 
Argyle mine is the largest diamond mine 
in the world. The diamonds are produced 
from the kimberlite pipe and from allu­
vial gravels downstream from the pipe. 
About 5 percent of the Argyle diamonds 
are gem quality ; 40 percent are industrial 
quality ; and 55 percent are in intermedi­
ate categories (Suttill , 1987). 

The bulk of the Argyle diamonds are 
very small (I mm to 3 mm) and unique 
x-ray f luorescent sorters were developed to 
separate the diamonds from the crushed 
waste matrix (Suttill , 1987). 
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N ew in fo rmation on potential volca nic 
hazards at Mount Shasta in Sisk iyou 

County, Cali fo rnia, has been prepared 
as a cooperati ve effort between the U.S. 
Geolog ica l Survey, the Cal ifo rn ia Depart­
ment of Conservation, Divis ion of Mines 
and Geology, and the Governor's Offi ce 
of Emergency Serv ices. Volcanic hazards 
at Mou nt Shasta descr ibes the potential 
loca tion of hazard zone and outlines 
emergency procedures for residen1s 
of the area . 

Moun t Shasta - a long-dormant 
vo lca no in northern Cali fo rnia- is the 
largest of the Cascade Range vo lcanoes, 
towering to 14, 162 fee t above sea level 
and ris ing almost two miles above the 
communities of Weed , Mount Shasta, 
McCloud , and Dunsmui r. It is a strato­
volcano, which means it is a mass ive 
cone built of alternating layers of lava 
and fragments of volcanic debris . 

More th an 500 ,000 years ago Mount 
Shasta began fo rming, and it has been 
repeatedly acti ve during the last I 0 ,000 
yea rs. Although the mountain does not 
erupt at regul ar intervals, its geolog ic hi s­
tory indicates that it erupts on an average 
of about once each 250 to 300 years. 
The last eruption was in 1786. 

Even though the volcano has not been 
active for two centuries , Mount Shasta is 
li ke Mount St. Helens before 1980 and al­
most certainly will erupt aga in . The po­
tential types of vo lcanic activ ity expected 
at Mount Shasta, based on what has oc­
curred in the past, incl ude both explos ive 
and non-explos ive erupt ions. Explosive 
erupt ions can produce vo lca nic ash, pyro­
clas tic fl ows (fast-mov ing streams of hot 
volcanic ash and rock fragments mi xed 
with hot gases), and lateral blas ts. Non­
explos ive eruptions can fo rm lava domes 
inside the volcanic crater and lava flows 
down the side of the mountain . In add i­
tion, both explosive and non-explosive 
eruptions can cause mudflows down local 
drainageways. Both types of acti vity often 
are accompanied by emiss ions of gas. 

Volcanic Hazards 
at Mount Shasta 

Low cone-shaped hills in Shasta Va lley resemb le vo lcanic vents. These features are erosiona l remnants 

of a 300,000-year-o ld debr is avalanche from Mount Shasta . V iew north of Grenada, Siskiyou County. 

Photo by C. W Chesterman . 

All volcanic events at Mount Shasta 
within the last 1 ,000 yea rs occurred on 
the northern and eastern fla nks of the 
volcano, and th is is where the next erup­
ti ve activi ty is most li kely to occur. Al­
though scientists cannot yet accurate ly 
predict when Mount Shasta will erupt 
agai n, a future eruption is likely to be 
preceded by repeated ea rthquakes, vent­
ing of gases, and swelling of all or parts 
of the vo lcano . No single precursor is a 
reliable guide for fo recasting the exact 
time, place. and scale of an impending 
erupt ion. 

Currently, there is no sign of vo lcanic 
activ ity at Mount Shasta and no indica-
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tion of when the mountain might become 
acti ve aga in . Instruments des igned to de­
tect any precursory activity are monitored 
by the U.S. Geolog ical Survey . This 
would allow scienti sts to alert state and 
loca l officials to activate ex isting emer­
gency response plans. 

Single copies of Volcan ic hazards at 
Mount Shasta , Californ ia are available 
free from: Books and Open-File Reports, 
U. S. Geological Survey, Federal Center, 
Box 25425 , Denver, CO 80025. The 
booklet is based on USGS Bu lletin 1503 , 
Potent ial hazards fro m jut ure eruptions 
in the vicinity of Mount Shasta volcano, 
northern California , by C. Dan Mi ller. ~ 
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Sedimentology of the 
MONTGOMERY CREEK FORMATION 

In this article the author presents new informa­
tion about paleocurrents and the origin of sedi ­
ment within the Late Cretaceous to Eocene age 
Montgomery Creek Formation exposed northeast 
of Redding. This formation is nonmarine and the 
lithology is predominately conglomerate, arkosic 
sandstone, and shale. The type local ity is on the 
north side of Montgomery Creek, about 2Y2 miles 
east-northeast of the town of Montgomery Creek, 
Shasta County. A previous article about the 
Montgomery Creek Formation was in the June 
1987 issue of CALIFORNIA GEOLOGY ... editor. 

INTRODUCTION 

Recent sedimentological studies of the 
Montgomery Creek Formation pro­

vide insight on the tectonic origins of the 
Klamath and Cascade mountains. The 
older eastern Klamath Mountains border 
this formation on the west and the Cas­
cade Mountains overlie it on the east. In 
this article investigations of paleofluvial 
data in the stratigraphically thick Mont­
gomery Creek Formation are examined. 

The entire Montgomery Creek Forma­
tion was deposited in a fluvial system 
and , for purposes of study , the Montgo­
mery Creek Formation was divided into 
a basal member composed chiefly of Late 
Cretaceous to Paleocene (?) age conglom­
erate, and an Eocene age upper member 
composed chiefly of pebbly sandstone, 
sandstone , mudstone, and low-grade coal. 
Although the contacts between these two 
members of the Montgomery Creek For­
mation are conformable and are well ex­
posed , disconformities within each unit 
are common . Considerable portions may 
have been reworked by shifting river cur­
rents during the deposition of this forma­
tion. Such intensive reworking would 
be plausible because of its extensive age 
range (from Late Cretaceous to Eocene 
age). The age ranges for these units are 
similar to those reported by Higinbotham 
( 1987) and are based on independent pa­
lynological studies (J .C . Young, 1985 , 
personal communication) of 16 samples 
collected by the author. 
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Shasta County, California 

By 

K.R. AALTO, Geologist 
Department of Geology 
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Figure 1. Location mop showing the Big Bend, 
Montgomery Creek, and Whitmore study area. 
Town names ore indicated by solid circles. The 
basal member of the Montgomery Creek Forma­
tion is shown in block. The upper member of the 
Montgomery Creek Formation is shown with 
cross-hatchure. More detailed geologic mops of 
the northern areas ore in Higinbotham (1987). 
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STRATIGRAPHY 

Basal Conglomerate Member 

The basal member of the Montgomery 
Creek Formation consists of massive to 
crudely stratified cobble and boulder con­
glomerate that rests unconformably upon 
older formations. From north to south 
this lower conglomerate member thins 
from 90 m to less than 50 m. In the ex­
treme southwest of the southern Montgo­
mery Creek area (Figure l) approximately 
I 0 m of poorly sorted pebble-conglomerate 
intercalated with lenses of micaceous 
sandstone disconformably overlies fossili­
ferous marine sandstone of the Upper 
Cretaceous Redding Formation. This peb­
ble conglomerate unit could be the Oak 
Run conglomerate member defined by 
Haggart ( 1986). This unit, in turn, is 
unconformably overlain by Tertiary age 
Cascade volcanic rocks. The basal con­
tact was not observable in the Whitmore 
area (Figure I). 

Basement rock underlying the Montgo­
mery Creek Formation in the Big Bend, 
Marble Creek , and northern Montgomery 
Creek areas and along the Pit 5 Power­
house Road consists of the Jurassic age 
Bagley Andesite. In the southern Montgo­
mery Creek area along Cedar Creek, 
Clover Creek, and Highway 299 , the 
basement unit consists of metasedimen­
tary rock of the Triassic age Pit Forma­
tion. Abundant angular boulders of slate 
and metagraywacke can be seen in the 
basal Montgomery Creek Formation in 
this area . The size and angu larity of 
these clasts suggest they were locally 
derived. 

Based on the abundance of plant fossils 
and sedimentary characteristics , previous 
workers ascribed a nonmarine fluviatile 
origin for the coarse clastic rocks of the 
Montgomery Creek Formation (Dil ler, 
1906; Sanborn , 1960; MacDonald and 
Lydon , 1972; Higinbotham, 1987). 
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TABLE l. LITHOFACIES SCHEME FOR FLUVIAL DEPOSITS. From Miall, 1978. 

Facies 
Code Lithofacies Sedimentary structures Interpretation 

Gms massive matrix supported gravel none debris flow deposits 

Gm massive or crudely bedded horizontal bedding, imbrication longitudinal bars, lag deposits, 
gravel sieve deposits 

Gt gravel, stratified trough cross-beds minor channel fills 

Gp gravel, stratified planar cross-beds linguoid bars or deltaic growths 
from older bar remnants 

St sand, medium to very coarse, solitary (theta) or grouped (pi) dunes (lower flow regime) 
may be pebbly trough cross-beds 

Sp sand, medium to very coarse, solitary (alpha) or grouped linguoid, transverse bars, sand 
may be pebbly (omikron) planar cross-beds waves (lower flow regime) 

Sr sand, very fine to coarse ripple marks of all types ripples (lower flow regime) 

Sh sand, very fine to very coarse, horizontal lamination, parting planar bed flow (lower and 
may be pebbly or streaming lineation upper flow regime) 

Sf sand, fine low angle ( < 10°) cross-beds scour fills, crevasse splays, 
antidunes 

Se erosional scours with intraclasts crude cross-bedding scour fills 

Ss sand, fine to coarse, may broad, shallow scours including scour fills 
be pebbly eta cross-stratification 

Sse, Sne, Spe sand analogous to Ss, Sh, Sp eolian deposits 

Fl sand, silt, mud fine lamination, very small ripples overbank or waning flood 
deposits 

Fsc silt, mud laminated to massive backswamp deposits 

Fcf mud massive, with freshwater molluscs backswamp pond deposits 

Fm mud, silt massive, desiccation cracks overbank or drape deposits 

Fr silt, mud rootlets seat earth* 

c coal, carbonaceous mud plants, mud fi lms swamp deposits 

p carbonate pedogen ic features soil 

* Sea l ea rt h is a Br it is h te rm fo r st ra ta unde rlying a coa l seam . T he st ra ta represe nts a n a nces tra l soil th at suppo rted the vege ta tion from wh ich the coa l was formed . 

The lithofacies code scheme (by Miall , 1978) shown in Table 1 
and used in Figure 2 describes and interprets the var ious rock 
types within the Montgomery Creek Formation. 

T he basal member of the Montgomery Creek Formation con-
sists chiefly of massive or crudely bedded gravel (labeled facies ~ 

Gm in Table I) . An imbricate structure within this conglomerate 
member exhibited by fla t and elongate clasts indicates the paleo-
flow direction. Upwards with in this member , clast size dimin-
ishes and strati fica tion becomes more apparent as exhibited by 
inci ed channels that are f ill ed with gravelly trough cross-beds 
or planar cross-beds, and sandstone lenses (Photo I) . Clasts are 
concentrated along laminated fo reset beds or are suspended in 
the coarse micaceous sands tone that constitutes the matri x of a ll 
conglomerate beds. 

Figure 2. Stratigraphic sections representative of the basal and upper mem­
bers of the Montgomery Creek Formation. The locations of the stratigraphic 
columns are on Figu re l. Column (a ) is o section of the Highway 299 area in 
the Montgomery Creek region . Arrow indicates the base of the upper mem­
ber (SE Y4 of section 21 to NW Y4 of section 22, T34N, RlW) . Column (b) is a 
section of the Lawrence Basin in the Whitmore area (center of the SE 
Y4, section 4, T32N, RlW). Column {c) is a section of Kinner Foils in the Big 
Bend area (center of section 5, T36N, RlE) . Letter symbols to the right of the 
columns refer to lithofacies described in Table l. Tt = Pliocene age Tuscan 
Formation, Tv = Tertiary volcanic rock, and pK = pre-Cretaceous rock. 
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Photo 1. Sandstone lens (at top) and organic-rich .... 
clay drape (above the half-meter long ruler) in a 
gravelly facies of coarse imbricated conglomer-
ate (Gm) of the Montgomery Creek Formation 
basal member exposed along the Pit 5 Power-
house Road. Photos by Ken Aalto. 

Some conglomerate beds grade up­
wards into coarse sandstones within beds 
that are from '12 m to 2m thick. Sand­
stone within such sections commonly has 
horizontal laminations or exhibits planar 
or trough cross-bedding. At a few sites 
this coarse sandstone fines upwards into 
rippled cross-stratified medium sandstone 
or into intercalated rippled sandstone and 
mudstone. Pebbly sandstone is also pre­
sent in lenses fil ling channels cut into 
conglomerate beds and may exhibit 
crudely developed low-angle forset lami­
nations and mudstone rip-up clasts or well­
developed trough cross-bedding. Uncom­
mon basal member lithologies include 
clay drapes in channels and carbonized 
plant fragments in mudstone lenses 
(Photo I). 

Upper Member 

The upper member of the Montgomery 
Creek Formation consists primarily of 
abundant sandstone and mudstone and 
lesser amounts of conglomerate and coal 
(Photo 2). The contact between the basal 
and upper members is well exposed along 
the Pit 5 Powerhouse Road and along 
Highway 299 (Figure 2A). At both loca­
tions the contact is conformable (in the 
context of fluvial systems) and reflects a 
change in coarseness of sediment supply. 
Along the Pit 5 Powerhouse Road the 
contact is marked by the cessation of con­
glomerate deposition and the appearance 
of small channels of trough cross-bedded 
sandstones and planar cross-bedded sand­
stones. These channels have cut into 
gravel conglomerate facies, and one 
such channel contains carbonized plant 
fragments that contain Eocene age 
palynomorphs . 

Along Highway 299 the contact be­
tween the basal and upper members of 
the Montgomery Creek Formation is 
marked by the appearance of crudely cross­
stratified sandstone facies overlain by 
thick, interbedded rippled sandstone and 
mudstone facies. 

Because of the poor, discontinuous 
exposure and the likelihood of the Mont­
gomery Creek Formation section being 
repeated by Basin and Range faulting, the 
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thickness of the upper member is difficult 
to determine. From a generalized geologic 
cross-section of the Big Bend area a maxi ­
mum section thickness for the upper mem­
ber of the formation was calculated to be 
approximately 875 m (Higinbotham , 
1987). 

In the Montgomery Creek area , a max­
imum thickness for the upper member of 
the Montgomery Creek Formation was 
calculated to be 380m. This thickness 
was based on the topographic position of 
the last major conglomerate unit in the 
formation and the upper unconformity 
with younger Tertiary age volcanic rocks 
located at the southernmost exposure of 
the Montgomery Creek Formation. 

Upper member sandstone units within 
the Montgomery Creek Formation chiefly 
display grouped trough and planar cross­
bedding facies (Table l, Figures 2B, 2C) . 
Channeling occurs among trough cross­
bedded units and the beds average 1/2 m to 
l min thickness . Upwards within this 
member , large sand-filled channels with 
eta cross-stratification,* crudely stratified 
pebble-cobble conglomerate and parallel­
laminated sandstone facies become abun­
dant. Facies with cross-bed sets (Table I) 
are several meters thick (Figure 2B). Con­
glomerate occurs in channel fill s and as 
1/2 m to I m thick tabular layers that com-

* Eta cross-s tratifica tio n is a plung ing. broad sha llow scour 
filled with cross-strata with foresets or ie nted subpara lle l 
to the scour surface. 
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manly grade upwards into parallel-lami­
nated sandstone. Conglomerate clasts are 
lubricated . Mudstone in these coarse in­
terva ls occurs as clay drapes in channels 
and discontinuous lenses intercalated with 
uncommon rippled sandstone . 

Coarse intervals of the upper member 
are intercalated with laminated to massive 
mudstone facies and coal beds that are 
commonly less than '12 m thick (facies C). 
Siliceous concretions are common in car­
bonaceous sediment. In the Whitmore 
area (Figures I , 2b) coal is present in sev­
eral coarsening-upwards cycles that range 
from 30 em to 50 em in thickness. The 
layers containing pure coal are in sharp 
contact with the underlying sediment and 
grade upward into a medium-gray, organic­
rich claystone . 

Finer sediments are more abundant 
in the lower portion of the upper member 
of the Montgomery Creek Formation, 
and coarser sediments are more abundant 
higher in the section. Coarser intervals 
of the lower portion may be arranged in 
fining-upwards sequences (Hig inbotham, 
1987). Those sediments higher in the 
section commonly lack well-defined size 
trends, but may contain several meter­
thick lithofacies cycles that consist of 
massive or crudely bedded sandstone 
facies followed by planar and trough 
cross-bedding facies or rippled cross 
stratified sandstone facies (Table I). In 
the Whitmore area similar cycles in sand­
stones include sandstone facies with crude 
cross-bedding and ripple marks (Table 1). • 
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DEPOSITIONAL SETTING 

T he ba a l member of the Montgomery 
Creek Formation was deposi ted in a 
"Scott-type " gravel ly braided river sys­
tem (Higi nboth am , 1987). T h is ty pe of 
ri ver system is character ized by a h igh 
sediment yield, high re lief, a nd/or g reat 
seasona l di scha rge fl uctuati ons (see 
Mia! !, 1977 , 1985 fo r descript ions of 
braided r iver systems). 

Features of Scott-type river deposi t ion 
include longit ud inal gravel bars built dur­
ing high water discharge by agg radation 
with in major channe ls. Such bars conta in 
c rude hor izonta l strati f icat ion and clast 
imbrication (seen in fac ies Gm). Gravelly 
planar and trough cross-beds (seen in fa ­
c ie Gp and Gt) develop a long bar mar­
g ins as sediment accumulates and builds 
lateral channels. Du ri ng wa ning fl ow, 
sand may be depos ited on bar crests and 
develop an overal l fining upwards sequence 
within the ba r. Varyi ng fl ow ve loc it ie 
result in the fo rmation of beddi ng truc­
tures (such as sand waves , dunes , and 
fl at , even pla ne beds) , a nd account fo r 
bedding fea tu re ob erved in lower mem­
ber sandstone of the Montgomery Creek 
Formation . AI o wit hin a Scott -type ri ver 
depos it iona l syste m , clay is deposited as 
drapes in inactive cha nnels or as overbank 
sed iment away fro m the mai n channe l 
a rea. Th is type of high energy braided 
river model explai ns the var ie ty of sed i­
mentary fea tu res observed in the basa l 
member of the Montgomery Creek 
Form ation. 

T he lower pa rt of th e upper member 
of th e Montgomery Creek Formation is 
dom inated by fi ner fac ies com monl y as­
cribed to floodpl ai n edi mentat ion (see n 
in fac ies Fm , Fl . and C) . Fin ing-upwa rds 
seq uences in th i interva l are asc ribed 
to sa nd deposition wi thin po int bar in a 
mea nder ing r iver system (Higi nboth am , 
1987) . Sandstone and conglomerate be­
come more abunda nt higher in the sec­
tion . T he prevalence of one to several 
meter- th ick repe titi ons of f ining- upwards 
cyc les within ma ny of the uppermost 
coa rse sect ions indicates aggradati on of 
channel systems by depos it ion of g ravel in 
long itud inal bars , a nd deposit ion of sand 
in channels and on long itudinal bar cres ts 
du r ing wa ning fl ood condit ions. Sed i­
menta ry fea tures of the upper pa rt of the 
upper member are much like those of the 
" Donjek type " sandy brai ded river system 
(Mia! I, 1977) . Apparently , dur ing th e 
depos it ion of the Montgomery Creek For­
mation the energy level of the fl uvia l sys­
tem g reatly dimin ished, then increased . 
These changes could refl ect c limatic 
change , tectonic ac ti vity , or both . 

PALEOCURRENT ANALYSIS 

Arrang ing fl ow ind icators in a hi er­
a rchy th a t refl ects th e ir like lihood of 
showing true downval ley t rends is impor­
ta nt to determine pa leocurrent flow direc­
tions . This method is preferred over the 
method of determining the d iverse flow 
orientati ons of second and third order 
channels* because local fl ow in second 
and third order cha nnels may be cont ra ry 
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<111111 Photo 2. The upper portion of the upper member 
of the Montgomery Creek Formation exposed 
alon g Highway 299 east of the town of Montgo­
mery Creek. Note the intertonguing of the con ­
glomerates and sandstones. 

to th e actu al downva lley fl ow. The best 
paleocurrent flow indicators a re those 
whose true geometry can be recogni zed 
in th e fie ld a nd which refl ec t sedimenta­
tion dur ing maximum di scharge in major 
channel areas. These criteria are displayed 
by the imbricate structure of c lasts within 
fac ies of the g rave lly conglomerates de­
posited in longitudinal bars. Orientation 
of forese t lamination is less reliable fo r 
determining paleocurrent flow direction 
because it is diff icult to acquire data 
about fo reset bedding orientation f rom 
poor ex posures and because much of the 
cross-bedding was deve loped in second 
and third order channe ls. 

The d irection of pa leofl ow as refl ec ted 
in clast orientation within the g ravelly 
cong lomerates (Gm) was obta ined by 
measuri ng the plunge directi ons of short 
and long axes of c las ts th a t were at least 
8 em in length . Short axi s plunge da ta 
includes th at for di sc a nd blade shaped 
clasts. Long ax is plunge da ta inc ludes th at 
for pro la te (ro lle r) and blade shaped 
c lasts. Flow direction was dete rmined 
from cross-bedding fo r each fac ies. C last 
orienta tion data for each fac ies was plot­
ted on ste reonets; summaries fo r the data 
are shown on the contoured ste reonets of 
Figure 3. Data from the a nalyses of c last 
ax is and imbrication indicate the ge neral 
paleocurrent fl ow direction was towards 
the south-southwest. 

Paleocurrent flow directions w ithin the 
Montgomery Creek Formation change in 
the lower member and the upper member 
and from one region to a nother. In the 
8 ig Bend a rea, data for the lower member 
conglomerate indicate a west-southwest 
pa leocurrent fl ow. Cross-bedding data fo r 
the upper me mber indicate a southerl y pa­
leocurrent f low directi on. Data fro m the 
Montgomery Creek a rea indicate the gen­
era l pa leocurrent fl ow direction for the 
lower member ranged f rom the southeast 
to the southwest. Cross-bedding data fo r 
the Wh it more and Montgo mery Creek 
a rea ind icate the pa leocurrent fl ow di ­
rec tion shifted from the southwest to­
wa rds the southeast during the depos ition 
of the Montgo mery Creek Form ation . 

* Second a nd 1hi rd orde r c ha nne ls are sma ller . hig he r 
c hanne ls I hal are occup ied o nl y dur ing flood s . 
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Figure 3. Summary of clast orientation data for conglomerate of the Montgomery Creek Formation. 
Lower hemisphere equal-area plots depicted are: {a) short axis plunge directions for disc and blade 
shaped clasts {n = 255L and {b) long axis plunge directions for prolate and blade shaped clasts 
{n = 141) . In both diagrams the contours depict three percent {open field) and six percent {blackened 
field) of the data per un it area . 

CONGLOMERATE AND SANDSTONE 
PETROLOGY AND PROVENANCE 

Conglomerate clas ts consist chiefly 
of g ray to tan quartz ite , g ray slate , a nd 
porphyritic vo lca nic rocks th at ra nge in 
composition fro m basa lt to dac ite. Minor 
constitue nts include g ra nite , dior ite , gab­
bro , vein qua rtz , a nd g ray to bl ack chert. 
Five pebble counts of an average of 90 
c lasts each g ive a n average conglomerate 
compos ition of 37 percent metasediment 
clas ts, 50 percent metavolcanic clasts , 
6 percent plutonic c lasts , 3 percent chert 
c las ts , and 3 percent vein quartz clas ts. 
No signifi cant petrolog ic di ffe rences ex ist 
within the form ation or throughout the 
reg ion. Pre-Cretaceous basement rocks 
of the area can log ica lly account for the 
majority of clasts present (Sanborn , 1960). 

Sandstone composition was determined 
by po int counts of 300 grains per thin 
section . T hese thin sections were sta ined 
for both potassium fe ldspar and plag io­
clase feld pa r. The Gazz i-Dickinson 
counting method was used to minimi ze 
the effect of gra in-s ize diffe rences among 
the samples fo r compos ition (Ingerso ll 
and others , 1984) . In thi s method , mono­
minerali c crysta ls and o ther g ra ins of 
sa nd s ize that occur within la rger rock 
frag ments are class if ied in the category 
of the crysta l or g ra in composition , ra ther 
th an in the category o f the la rge r rock 
fragment. The diag ram fo rmat, prove­
na nce f ie lds , a nd methods used are those 
of Dickin on a nd others ( 1983). 

Most sandstones that were counted 
a re e ither lithic arkoses or feldspathic 
lith arenites (termino logy of Folk , 1974) . 
Quartzose g ra ins include both monocrys­
talline a nd polyc rys ta lline varieties. Most 
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grains exhibit deformation ba nds , seg­
mented undulosity , a nd strongly undu­
lose, irregular crystallites th at indicate 
a metamorphic source terrane (Young , 
1976). However , nearly every thin sec tion 
has a fa ir proportion of clear euhedral 
g rains with embay ments, negative inclu­
s ions, and ha irline cracks that a re cha rac­
teri stic of volca nic (beta) quartz. Fe ldspar 
g rains include both twinned and un­
twinned plagiocl ase, o rthoc lase, micro­
cline, and perthite . Ma ny crys ta ls are 
subhedral to euhedral and exhibit osc ill a­
tory zoning. Volcanic rock frag ments 
include chi efly those with microlitic and 
lathwork textures suggesting intermediate 
to basic volcanic sources (terminology of 
Dickinson , 1970) . 

Sedimentary rock f rag ments w ith in the 
sandstones include mudstone with widely 
vary ing proportions of s ilt and clay . 
Metamorphic rock fragments are chiefly 
phyllitic . Detrita l biotite is more abun­
dant tha n muscov ite a nd chlorite . Acces­
sory minera ls, espec ially abundant in 
ca lca reous concreti ons, include clinopy­
roxene, epidote , ac tino li te , hornbl ende , 
z ircon , tourmaline , zo is ite, apatite , 
a nd sphe ne . 

Sa ndstones a re texturall y immature 
to submature with a ngular to suba ng ul ar , 
poorly sorted g ra ins in 14 to 39 percent of 
the mud matri x, calcite , and/o r iron ox ide 
cement. Most matri x is detrita l and unre­
crys talli zed , although some basa l con­
glomerate me mber sandstones conta in 
extensive di agenetic chlorite a nd numer­
ous squashed volca nic a nd sedimentary 
rock fragments . Fe ldspar in these sa nd­
stones contains abunda nt pumpellyite. 
Other common alteration products include 
ca lcite , epidote , seri cite, and iron ox ide . 
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One upper me mber sandstone conta ins 
laumontite prec ipitated in pores a nd as 
ex pitax ial ove rg rowths on fe ldspar g ra ins 
and vo lcanic rock frag ments. 

Tern a ry di agrams o f detrital compos i­
ti ons indicate a transitional to dissected 
vo lcanic arc source for most sandstones . 
A lthough poss ible stratig raphic trends ex­
ist fo r sandstone composition , no signi fi­
cant reg ional differences were found. The 
tern ary diag rams for total quartzose fe ld­
spar and aphanitic lithic grains (QtFL), 
and for monocrystalline quartz , feldspar , 
and aphanitic lithic grains (QmFLt) in 
Figure 4 show upsection increases in 
quartzose grains and depletion of lithic 
g rains . The ternary diagram for mono­
crystalline quartz , plagioclase , and potas­
sium feldspar g rains (QmPK) in Figure 4 
shows similar increases in the quartzose 
fraction fo r upper member sandstones that 
occur along wi th a dimini shing propor­
t ion of plag ioclase . These changes proba­
bly refl ect deep di ssection of a volca nic 
arc . They may also refl ect increased sedi ­
ment recycling that would log ica lly relate 
to the hi story of dimini shing relief fol­
lowed by source a rea rejuvenation during 
the depos itional period of the Montgo­
mery Creek Formation. 

T he increase in quartzose g rains may 
also reflect erosion of an older volcanic 
carapace and g reater exposure of meta­
sedimentary rocks of the Pit Formation , 
a log ica l source for much of the strained 
quartz grains* seen in thin section. The 
eastern Klamath Mountain basement pro­
vides a logical source of Montgomery 
Creek Formation sediment , and there is 
no ev idence for increased volcanic mate­
ri al towards the top of the section . 

CONCLUSIONS 

Paleocurrent flow data indicate a 
northern source for Montgomery Creek 
Formation sediment. This material was 
most likely derived from a basement 
source terrane in the Klamath Mountains 
area that is presently covered by late Ce­
nozoic volca nic rocks . The source area of 
the Montgomery Creek Formation ini­
t ia ll y had high relief, but by Eocene time 
had been lowered so th at coa rse-bedload 
sedimentation of a braided river system 
was succeeded by meandering river a nd 
fl oodplain sedimentation. A re turn to 
sandy sed imentation by a braided ri ver 
system very likely reflects source area re­
ju venation towards the end of the Eocene . 

* Stra ined quart z grai ns ex h ibi t d is loca t ions in thei r crystal 
la tt ices as seen whe n view ing the ir opt ica l properti es. 
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This change was accompanied by (1) in­
creased sediment recycling, (2) dissection 
of the ancestral Klamath arc, and (3) a 
shift in sediment transport towards the 
southeast. The Montgomery Creek For­
mation may underlie late Cenozoic vo l­
canic rocks of the Cascade arc and 
Modoc Plateau. 

From Cretaceous time to the present , 
the Klamath Mountains have intermit­
tently shed sediment to surrounding areas 
(Jones and Irwin , 1971 ; Ingersoll, 1983; 
Nilsen, 1984) . Periodic tectonic rejuvena­
tion of the Klamath Mountain province 
and nearby regions during the Cenozoic 
is reflected in the late Oligocene to early 
Miocene fluviatile sedimentation of the 
Weaverville Formation (MacDonald , 
1910; MacGinitie , 1937; Barnett , 1982; 
Schweickert and Irwin , 1986) and the late 
Miocene to recent uplift of the Klamath 
peneplain (Diller , 1902; Mortimer and 
Coleman, 1984). Further sedimentary in­
vestigations of Cenozoic Era cover rocks 
in the Klamath Mountains province may 
shed light on the style and mechanism 
of regional uplift. 
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Figure 4 . Ternary diagrams depicting detrita l 
modes for Montgomery Creek sandstones. Gra in 
parameters and provenance fields are from Dick­
inson and others (1983). Data are given for the 
Montgomery Creek Formation, Big Bend area 
lower member (asterisks) and upper member 
(open stars), Montgomery Creek area lower 
member (circles) and upper member (large dots), 
and the Wh itmore area upper member (small 
dots). Grain parameters are defined as follows: 
Qt = total quartz grains {monocrystall ine and 
polycrystalline, including chert); Qm = mono­
crystalline quartz grains, Qp = polycrystalline 
quartz grains (including chert); F = total fe ldspar 
gra ins; P = plagioclase grains; K = potassium 
feldspar grains; Lt = total aphan itic lith ic grains 
including chert; L = total aphanitic lithic grains 
exclud ing chert; Lv = total aphan itic volcanic 
li thic grains including metavolcanic gra ins (such 
as greenstone); Ls = total aphanitic sedimentary 
and metasedimentary lithic grains (chiefly mud­
stone and phyllite); (more simply Qt = Qm + 
Qp, F = P + K, Lt = L + Qp = Ls + Lv + Qp, 
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USGS Experimental 
7. 5 Minute Quadrangle 

Reference System 

The U.S. Geological Survey (USGS) 
has proposed converting its primary 7.5 
minute topographic map se ries to a new 
datum, called the North American Datum 
1983 (NAD 83). The new datum is are­
vised astronomic latitude and longi tude 
on which horizontal controls on maps are 
computed . An experimental edition of the 
San Rafael , California 7.5 minute quad­
rangle was printed with the o lder North 
American Datum 1927 (NA D 27) and the 
new North American Datum (NA D 83) 
back-to-back so that users can g raphica lly 
compare the diffe rences. 

The ex perimental NAD 83 quadrangle 
map is a more accurate ca rtog raphic rep­
resentation of the region than th e ex is ting 
NAD 27 quadrang le map. 

The actual shape of the ea rth must be 
considered to prec ise ly locate the latitude 
and longitude of points on the surface of 
the ea rth. The shape of th e ear th more 
closely approximates a n oblate spheroid 
that is flattened at the poles and bulges at 
the equator rather th a n a perfect sphere. 
The ex isting U.S. Geo logical 7.5 minute 
quadrangle series is based on a n e llipsoi­
dal determination that was adopted by 
the U.S . Geological Survey in 1927 as 
NAD 27. 

In 1980 the Geodetic Reference System 
(GRS 80) was adopted by the federal gov­
ernment as a best fit to the shape of the 
earth 's geo id. The geoid is an equipoten­
tial surface of the earth's g ravity field. It 
can be thought of as a continuous sea- level 
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surface extended benea th the continents. 
GRS 80 was based on th e compil ati on of 
geodetic , g rav imetric , astrodynamic , and 
as tronomic data co llected by modern 
equipment. The GRS 80 representation 
was adopted to produce the NAD 83. Be­
cause the o lder NAD 27 map surface de­
viates from the NAD 83 , the computed 
position of points determined using the 
two reference shapes a re different. For 
example , the experimental NAD 83 San 
Rafael, California 7 .5 minute quadrangle 
map a rea differs from the ex isting NAD 
27 area by approximately 8 meters in lati­
tude and 96 meters in long itude. 

Conversion of the ex isting NAD 27 
maps to the new NAD 83 reference sys­
tem is important because there is an in­
c reas ing re lia nce on sate llite-derived data 
th at is based on the Global Positioning 
System (GPS ). The GPS more acc urate ly 
correlates to the NAD 83 reference sys­
tem th an it does with the o lder NAD 27 
reference system . There are 55 ,000 USGS 
7.5 minute topographic maps based on 
the NAD 27 system . 

The map is avai lable for $2.50 from the 
U.S. Geo log ica l Survey , Public Inquiry 
Office , 345 Middlefield Road, Menlo 
Park , CA 94025. Make check payable to 
the U .S. Geological Survey . Specify 
MAP# 371 22-H5-TF-024: Experimental 
Edition , San Rafael , Ca lifornia Quadran­
gle on North American Datum 1983 (NAD 
83) and North American Datum 1927 
(NAD 27), published 1988. ~ 

• 

• 



• 

• 

• 

BOOK REVIEWS 

Geographic Map 

HIGH SI ERRA. By Bill Guyton. 1988. 
1072 Verde Drive, Chico, CA 95926. Sca le 
I :333,500. 23 inche by 35 inches. $8. 00 , 
includes tax, shipping, and handling. 

T he Sier ra Nevada of California has been 
called the " Range of Light ," the " Gentle 
Wilderness ," and the " High Sierra ." This 
four-c olor map covers th at area of the Sierra 

evada that is predominant ly above 9 ,000 
feet. Thirty-three U.S . Geologica l Survey 
IS-minute qu adrangle maps were used to 
compile the High Sierra map. There is an in­
dex of these quadrangle maps for those wi sh­
ing to examin e spec ific areas in more deta il. 
The High Sierra map identifies hi ghways, 
road , trail s, lakes, ri vers, creeks, passes, 
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mounta ins, and corners where quadrangle 
meet. In addition geomorphic fea tures such 
as drain age basins and div ides a re inc luded . 

This map is of interes t to backpackers, 
fi shermen, mountain climbers, geologists, 
geographers, and others who enjoy explor ing 
the High Sierra. 

Marine Topography 

UN ITED STATES BATHYMETRIC A D 
FISH ING MAPS Inc lud ing Topog raphic/ 
Bathymetric Maps. Free ca talog ava il able 
from Distributi on Branch N/CG33, at iona l 
Ocean Service, 6501 Lafayette Avenue, Ri v­
erdal e, MD 20737. (30 1) 436-6990 . 

B ath ymetric maps il lu strate the geo mor­
ph ology of the sea f loor , portraying the 
shape, size, and di stribution of underwater 
fea tures. Through the use of dept h contours 
and o ther bathymetric data, th ese 1:250 ,000 
sca le maps provide geographically deta iled 
in fo rmation about submarine topography. 
Topog raphic/bathymetric maps cont ain both 
land and submarine topography . These maps 
are available at sca les of l :24 ,000 , 
I : l 00 ,000 , and I :250 ,000 . 

Bathymetric and topog raphic/ bathymetric 
maps are bas ic too ls for performing sc ien­
tific , eng ineering, marine , and marine 
env ironmental studies required in the devel­
opment of energy and mar ine resources. 
They are va lu able to land-use planners, con­
servationi sts, surveyors, geolog ists, and 
ocea nog raphers. 
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Bathymetric fish ing maps at a scale of 
I: 100,000 are tailored to the needs of com­
mercial and sports fishermen . They include 
LORAN Crates. 

Minera logy 

GEMSTONES . By Christine Woodward. 
1988 . Sterling Publishing Co., I nc ., 2 Park 
Avenue, New York, Y 10016. 59 p. $9.95 
($13.50 in Canada) , paper cover. 

A bundant co lor photos capture the beauty 
of gemstones in both thei r natural and cut 
states in thi s introductory volume. The text 
detail s popular and lesser-known gems, and 
discusses such factors as thei r spec ial attri­
butes, mineral properties, formation, and 
mining. A short section focuses on how gems 
are identified , where gems are found , and the 
origi n of many kinds of gemstones. 

The book is publi shed in cooperation with 
the British Museum of Natura l Histor y. 

Northern Sierra Nevada 

GEOLOGIC HISTORY OF THE 
FEATH ER RIV ER COUNTRY , CA LIFOR­
N IA. By Corde ll Durrell. 1987. University of 
Ca liforni a Press, 2 120 Berkeley, CA 94720. 
337 p. $40.00 hard cover, $ 17.95 paper 
cover. 

This book is a geologic history of the North­
ern Sierra Nevada- that part of the range 
north of Interstate 80. For the most part, it 
focuses on Plumas, Sierra, and Butte coun ­
ties, parts of Lassen County , and the coun­
ties south of the North Fork of the Yuba 
River . The author (now deceased) began to 
study the area in 1939 and returned there 
for many years. During this time Durrel l be­
came very interested in the geologic histor y 
of the Feat her River area , which is reflected 
in thi s detailed account of investigation. The 
volume is writ ten for the layman; however, 
it is a study which wou ld be of value to 
geologists. 
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Inc luded are an introduction to the sc ience 
of geology and the 400 million year history 
of the Sierra Nevada, the events leading to 
the ancestral Sierra Nevada, and the Sierra 
Nevada after the Nevadan Orogeny. Geologi­
cal terms and concepts are exp lained within 
the text. 

Phys ica l Geology 

ROADSIDE GEOLOGY OF U.S. I NTER­
STATE 80 BETWEEN SALT LAKE CITY 
AND SAN FRANC ISCO: The M eaning Be­
hind the Landscape. By W . Kenneth Ham­
blin , J. Keith Rigby, John L. Snyder , and 
Wil liam H. Matthews, III. 1975. Varna En­
terpri ses, P.O. Box 2216, Van Nuys, CA 
9 1404. Available from American Geological 
Insti tute, 4220 King Street , A lexandria, VA 
23302. 5 I p . $3.00 soft cover. Write to AGI 
for di scount information . 
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Inter tate Highway 80 between San Fran­
cisco and Salt Lake City is remarkable for the 
scenic beauty and geolog ic interest in the 
landscape. Many trave lers need a guide to 
appreciate th e geologic history behind the 
many tructural featu res, landforms, and out­
crops of igneous, sed imentary , and metamor­
phic rocks. This publication provides the 
reader with a brief overview of what geology 
is and how geolog ists have interpreted the 
landscape. 

The book is organized by highway seg­
ments between spec ific towns, so that one 
ca n understa nd the geological story of por­
tions of the route at a time. In fo rmation and 
a map are prov ided for each segment. Refer­
ence is made by numbers and/or letters to 
specific localities described in the text , and 
located on the maps. Photographs are used 
throughout the text to help the traveler recog­
nize geologic features. 

In addition , the reader will f ind inform a­
tion about historical events, abandoned 
min~s, ghost towns, and rock, mineral, and 
fossil collecting localities. The publication is 
useful to professional geologists, geology 
st udents , rock hounds, and interested 
laymen. 

Reminder. • • 

Sedimentary Petrology 

CA RBONATE ROCK DEPOSITIONAL 
MODELS: A Microfacies Approach. By Al­
bert V. Carozzi. 1989. Prentice Hall , Engle­
wood Cli ffs, NJ 07632. 604 p. $68.00 , hard 
cover. 

C arbona te rocks contain more than 50 per­
cent by weight carbonate minerals such as 
calc ite, dolomite, and siderite. Understand­
ing how these rocks form can lead to more 
efficient methods of petro leum exp lorat ion. 
Microfacies analysis techniques can be used 
as a method of predicting models of sedimen­
tation for carbonate rocks. Microfacies in 
carbonate rocks can be seen clearly only in 
thin sections under a microscope . Thin sec­
tion analysis of carbonate rocks is a tool th at 
can be used to understand depositional envi­
ronments, diagenetic evolution of carbonate 
rocks, and the format ion of porosity and 
permeability in ca rbonate rocks. 

The use of microfacies ana lys is techniques 
is app lied to understanding the origin and 
for mation of carbonate ramps , carbonate 
platforms, and ca rbonate slopes and basins. 
This book will be of interest to students and 
professionals concerned with the discip li nes 
of sedimenta ry petrology , sedimento logy, 
petroleum geology , and palentology . 
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Structural Geology 

GEOLOG ICAL STRUCTURES AND 
MOVING PLATES. By R .G. Park . 1988. 
Chapman and Hall , 29 West 35 th Street, 
New York, N.Y. 1000 1-2291. 337 p. $45.00 
soft cover , $95 .00 hard cover. 

G eolog ica l structures a re interpreted in 
terms of plate tectonics in this volume. Top­
ics covered include the lithosphere, plate 
movement and pl ate boundaries, mechanical 
properties of plates, the source of distribu­
tion of stress in the lithosphere, and struc­
tures and plate movements in different 
tectonic regimes. Case studies are included 
with specific examples from Phanerozo ic and 
Precambrian orogenies. 

This book was written for advanced under­
g raduate and postg raduate students. It is a 
useful reference for geoscientists. ~ 
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SPECIAL REPORT 143 

MIN ERAL LAND CLASSIFI­
CATION OF TH E GR EATER LOS 
ANGELES AREA , PART VII , Project 
Description: Classif ication of Sand and 
Gravel Resource Areas in the San Bernar­
dino Production-Consumption Region . By 
Russell V . Miller, 1987 . 50 p ., I 0 fig­
ures, 5 tables, 45 plates. $ 10.00 

T he San Bernardino area as defined in 
this report covers 1,098 square mi les and 
includes the large urbani zing portion of 
southwestern San Bernardino County and 
northwestern Riverside County. Although 
substanti al portions of thi s region have 
been developed , urbanization is still 
rapidly occurring. 

In any urban deve lopment it is impor­
tant that land-use dec isions are made with 
full recognition of the natural resources 
of the area . Mineral resources, including 
aggregate, are limited resources within a 
given area . To help those who make land­
use dec isions, thi s report presents aggre­
gate resource information for the reg ion, 
including the expected agg regate resource 
needs over the coming decades . 

For many yea rs the San Bernardino 
area has been fortunate to have adequate 
quantities of relatively low-cost aggregate 
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materi als ava il able locally . However, as 
more and more areas become urbani zed , 
uitable sand , gravel , and stone depos its 

are being lost through urban development 
and are be ing dimini shed yea rly by 
mining. 

The principal objective of this report 
is to class ify land in the San Bernardino 
area into Mineral Resources Zones, based 
on guidelines adopted by the California 
State Mining and Geology Board . This 
class if ication project , as mandated by the 
Surface Min ing and Reclamation Act of 
1975, will ass ist the Board in des ignating 
lands that are needed fo r their mineral 
content . Thi s designation process, in 
turn , has been des igned to ass ist and 
guide local lead agencies in preserving 
essentia l minera l resources fo r future use 
through proper zoning ordina nces. 

C lass ificat ion of agg regate materi als 
in other parts of the greater Los Angeles 
area is cur rent ly underway. 

T his report may be purchased at Divi­
sion offices in Los Angeles , Pleasant 
Hill , and Sac ramento, or it may be or­
dered by ma il from the Division of Mines 
and Geology , P .O . Box 2980, Sacra-
mento, CA 958 12-2980 . ~ 
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