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ble, normal paraffins also have disappeared in the de
graded zone. Biodegradation may be a plausible expla
nation for this additional phenomenon. 
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R I C H A R D E. CASEY, Dept. Geology, San Fernando 
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QUATERNARY PALEOCLIMATIC VARIATIONS 

Ratios of Antarctic radiolarians, Spongotrochus f^la-
cialis and Lithelius nautiloides, to the subantarctic ra
diolarians, Lilhamphora furcaspiculata and Theocalyp-
tra bicornis, define at least 4 major cold intervals 
within the Brunhes Normal Magnetic Epoch, with a 
temperature range from less than 0 to about 5°C. In 
tropical areas, cooler temperatures of the Brunhes are 
suggested by the marked decline of Sphaeroidinella de-
hiscens and an increase in temperate species. 

In the Antarctic area, temperate species of radiolari
ans such as Eucyrtidium acuminatum, Laniprocyclas 
maritalis, and Saturnulus planetes reflect generally 
somewhat warmer conditions in the Matuyama than 
during most of the Brunhes; variations in their abun
dances suggest perhaps .'i warmer cycles above the base 
of the Gilsa event with a range between about 5 and 
I5°C. In tropical areas, warmer temperatures are indi
cated by the common occurrences of Sphaeroidinella 
dehiscens and the absence or very uncommon occur
rences of temperate species. 

In temperate parts of the circum-Pacific area, the 
origin and development of Globomtalia truncaiuli-
noides and the extinction of discoasters occurred long 
before the influx of polar populations of Turboroiulia 
pachyderma. Thus, the base of the Pleistocene as de
fined by these events indicates that the Pliocene-Pleis
tocene boundary must be within the upper part of 
strata previously referred to as upper Pliocene in Cali
fornia. It is postulated that the subsequent major cool
ing indicated by the influx of sinistrally coiled popula
tions of Turhorotalia pachyderma is near the Brunhes-
Matuyama boundary and may be near the base of the 
classic glacial Pleistocene. 

BERG, R O B E R T R., and D A V I D K. DAVIES, Dept. 
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DEPOSITIONAL ENVIRONMENTS OI-- MUDDY RESERVOIR 

SANDSTONES ( L O W E R CRETACEOUS) IN POWDER RIVER 

BASIN, MONTANA AND W Y O M I N G 

Lower Cretaceous Muddy Sandstone forms strati-
graphic traps in the northeast Powder River basin. The 
most productive reservoirs are local concentrations of 
clean, quartzose sandstones deposited in linear bodies 
as marine bars. Sediment supply to the bars was ac
complished by transverse sedimentation from associ
ated fluviodeltaic environments. 

Two distinct marine bar types may be recognized: 
(1) regressive, interdeltaic barrier bars, and (2) trans-
gressive, delta-destructional bars. In regressive bars, 
grain size increases upward, and subenvironments 
which may be recognized include, in ascending order, 
lower shoreface, middle shoreface, upper shoreface-
beach, and eolian. In transgressive bars, the vertical 
sequence of grain size and subenvironments is reversed 
with grain size decreasing upward, and subenviron
ments generally commencing with middle shoreface 
and succeeded upward by lower shoreface. Both bar 
varieties have prominent lagoonal or tidal-flat deposits 
as lateral equivalents. These fine-grained, back-bar sed

iments act as effective barriers to updip petroleum 
migration, 

Transgressive bars are associated closely with typical 
lluviodeltaic deposits which they may succeed, laterally 
or vertically, in close succession. Therefore, they are 
interpreted as delta-destructional bars. Regressive bars, 
however, are laterally and vertically removed from the 
main sites of delta construction, and are interpreted to 
be typical coastal, interdeltaic deposits. 

Although fluviodeltaic sandstones are local sources 
for bar sands, they are mineralogically quite distinct. 
Significant quantities of rock fragments and clay-rich 
matrix reduce the relative quartz content. Therefore, 
porosity and permeability values are low and, despite 
the fact that the fluviodeltaic sandstones are locally 
thick, they form less productive reservoirs. 

B E R G E N D A H l , M A X l M l l IAN M., A M A X Explor
ation, Denver, Colo. 

EXPANDED N E E D IOR M I N I K A I . ECONOMICS IN EXPLOR-
AiiON FOR M E T A L S 

One of the most prominent manifestations of chang
ing trends in exploration for metals is a more common 
participation by the geologist in mineral economics. 
There are at least three new aspects of exploration in 
which this involvement is expressed. 1. Increased com
petition and new entries in mineral exploration are 
challenging the traditional conservative approach to ex
ploration by mining companies. A new philosophy in
troduced primarily by oil companies tends to increase 
costs and accelerate the tempo of exploration thereby 
changing the total economics of many programs of 
mineral exploitation. 2. The broadening commodity in
terests of many companies have utilized the varied 
backgrounds of exploration geologists in preparation of 
commodity evaluations and forecasts. Many geologists 
are now providing advice and background to guide 
corporate decisions regarding new commodity ventures. 
?. The mining industry is confronted with a new set of 
costs that are now part of the economics of any opera
tion. These may be considereil \o be environment-con
trol factors and are relaled to restoration of mined-out 
areas and water- and air-pollution controls. 

To function efficiently in mineral economics, the ge
ologist must establish and maintain a flow of commu
nication with all subdivisions of his company and with 
people in other professicms and disciplines, such as en
gineering, accounting, sales, metallurgy, chemistry, and 
economics. It is also vital that he present his ideas and 
conclusions in a manner meaningful to management. 

Finally, one of the major needs of the exploration 
geologist is the availability of educational facilities in 
mineral economics. 
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PETROGRAPHY AND ORIGIN OF KROL SANDSTONES AROUND 
SOLON, N O R T H W E S I E R N HIMALAYA, INDIA 

The area around Solon (hit. 30° .5.5'; long. 77° 07') 
in northwestern sub-Himalaya, India, is the type area 
of the Krol Group (Permo-Carboniferous?) . Petro-
logically the Krol sandstones may be designated as 
coarse- to medium-grained sandstone: mature quartz 
and carbonate-cemented quartz arenite (Folk, 1966). 
Conspicuous presence of round grains of quartz led 
earlier workers to conceive of an eolian origin for these 
sandstones. Petrologic examination of the sandstone 


