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Microtremor Studies in Roosevelt and Beowawe Geothermal 
Areas 

The microtremors generated by pressure variations and 
microcracking of the hydrothernial system have been con
sidered to be direct indicators of geothermal reservoirs. 
Despite the number of studies on this subject, it is still con
troversial. It is clear that a prime hypothesis has yet to be 
tested: that geothermal reservoirs generate a detectable seismic 
signal. Two passive seismic studies have been conducted in the 
Basin and Range province of the western United States, using 
state-of-the-art seismic data acquisition and processing techni
ques. The purpose of these studies was to investigate the cor
relation between microtremor activities and existing geother
mal reservoirs. 

A 256-element modified eight-arm geophone array was 
deployed to monitor microtremors at six sites in the vicinity of 
Roosevelt Hot Springs, Utah. Some 2 Hz coherent 
microtremors were detected, intermittently, in four recording 
sites; however, the directions of propagation did not indicate 
that the existing reservoir system was the common source 
region. 

The microtremor data in Beowawe geothermal area, 
Nevada, were acquired by a 60-element cross array near the 
geyser. Low frequency (2 to 3 Hz) microtremors clearly appear 
on every record. Those microtremor activities are associated 
with the geothermal system at depth, as indicated by seismic 
body wave components propagating with extremely high ap
parent velocities. 

LUND, JOHN W., Geo-Heat Center, Oregon Inst. 
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Direct Use of Geothermal Energy in Circum-Pacific Region 

Geothermal energy is being utilized for direct use projects in 
several countries in the Qrcum-Pacific region. New Zealand has 
numerous projects in space conditioning and industrial process
ing. Most notable are the space heating in Rotorua, pulp and 
paper processing at Kawerau, sulfur extraction, alfalfa dehydra
tion, and a planned salt extraction plant. At Tiwi, in the Philip
pines, experimental work has been carried out on salt produc
tion, grain drying, fish canning, and refrigeration. Many diverse 
uses have been attempted in Japan, including greenhouses, 
animal husbandry (chickens) fish breeding, carp, eel and 
alligator raising, space heating, pavement snow melting, and 
bathing. Presently, two national projects are under investigation 
at Shizukuishi, Iwate, and Kazuno, Akita. A cascaded use for 
district heating, greenhouse, snow melting, animal husbandry, 
and flsh breeding is plaimed with water supplied from the Kak-
konda and Onuma power plants. Experimental work is being 
carried on in Taiwan, especially in lumber and cereal drying. 
The People's Republic of China has been involved in wool piece 
goods and carpet manufacturing, using geothermal energy, 
along with poultry raising. Several district heating projects are 
plaimed in Tianjin and Beijing. The USA has planned space 
heating and greenhouse projects in Alaska, and has district 
heating projects imder construction in Klamath Falls, Oregon, 
Boise, Idaho, Susanville, California, and Reno, Nevada. Onioi 
dehydration and milk pastuerization are the only industrial pro
cessing uses. In Hawaii, near Puna, cane sugar and papaya pro
cessing plants, a cattle feed mill and an industrial park are being 
studied. Central and South America have no direct use projects 

in operation or under construction, however, a desEilination 
plant is being considered for El Tatio, Chile. 
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Minerals and Energy Prospects in Small Island Nations of 
Southwest Pacific: Vanuatu, a Type Example 

The land geology of the southwest Pacific is now com
paratively well known and areas of mineral and energy potential 
have been identified. The offshore potential, upon which the 
smaller island nations will largely depend, has yet to be iden
tified. Regional prospecting programs are at present being car
ried out under the auspices of CCOP/SOPAC, and have this 
year culminated in a major resource study funded by the govern
ments of Australia, New Zealand, and the United States. This 
research is aimed principally at an assessment of the petroleum 
potential of the region and could have important economic im
plications for the southwest Pacific. 

MALAHOFF, ALEXANDER, National Ocean Survey, Na
tional Oceanic and Atmospheric Adm., Rockville, Maryland 

Polymetallic Sulfides of Ocean Floor—A New Mineral 
Resource of the Pacific? 

A mineral body estimated to contain several million tons of 
polymetallic sulfides vrith up to lOI'e copper was recently 
discovered along the Galapagos Rift in a water depth of 8,500 ft 
(2,600 m). This body is the largest of several mapped along the 
marginal walls of the axial rift valley of the Galapagos Ridge at 
85°50'W, 0M5' N. SASS multibeam data, provided by the U.S. 
Navy, was used to map the site, together with bottom 
photography, visual observations and bottom sampling with the 
submersible Ahin. These deposits are the first known massive 
polymetallic sulfide deposits of the' 'Cyprus type'' found on the 
ocean floor. The largest polymetallic sulfide field mapped ex
tends for a distance of 3,300 ft (1,000 m) along the base of the 
northern boundary fault of the rift in the form of a 
metalliferous ridge, 115 ft (35 m) high and 492 ft (150 m) wide. 
The ridge consists of massive sulfides deposited within coalesced 
inactive "smokers" or chimneys, tens of meters high and several 
meters in diameter, formed during a period of intensive 
hydrothermal activity, lasting about 100 years. Preliminary 
chemical analyses suggest the sulfides to be largely Fe, Cu 
sulfides with considerable metallic components of Ag, Cd, Mn, 
Pb, Sn, and Zn. Massive deposits of the type mapped along the 
Galapagos Rift could mark a new source of renewable, commer
cially valuable metalliferous deposits on the ocean floor. Poten
tial shes in the Pacific for these deposits include the East Pacific 
Rise, the Gorda and Juan de Fuca Ridges, and the active 
marginal basins of the western Pacific. 
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Growth of Coal Industry in British Columbia 

The occurrence of coal in British Columbia was first 
reported by early explorers in the foothills of the Northern 
Rocky Mountains in 1801. It was the discovery on Vancouver 
Island, however, which led to the first exploitation of coal in 
the province in the middle of the 19th century, continuing 


