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The Permian Coal Measures of eastern Australia are charac
terized by multiple seams within the measures which may 
coalesce or split over the entire field in a seemingly complex 
manner. Associated structures in the sediment pile include non-
conformable attitudes of bedding, and seam displacement by 
low-angled overthrust faulting or bedding plane shears along 
stone bands. 

The origin of such structures is explained by a process of dif
ferential consolidation of the primeval peat, associated with in
termittent sediment influx, and capture of local drainage. Con
solidation, i.e., early lithogenesis of peats, relative to the con
sistency of associated sediments at the perimeters of areas 
undergoing differential compaction provided a mechanism for 
lateral compression and yielding of the seam by simple shear. 

The degree of splitting can be associated with variations in 
split quality, while associated deformations of the sediment may 
give rise to difficult surface and underground support condi
tions. Thus much information on important resource 
parameters is obtained from thorough analysis of exploration 
results which should include an interpreparation of the sedimen-
tology of the coal measure section under evaluation. 

BROCHER, THOMAS M., Hawaii Inst. Geophysics, Univ. 
Hawaii, Honolulu, Hawaii, and R. HOLMES, CCOP/SOPAC 
Technical Secretariat, Mineral Resources Dept., Suva, Fiji 

Tectonic Framework of Melanesian Borderland 

We report on the initial results of a cruise to determine the 
tectonic framework, origin, and hence, resource potential, of 
the northern margin of the North Fiji basin. The cruise, coor
dinated by CCOP/SOPAC and manned by scientists from 
Australia, New Zealand, and the United States (ANZUS), was 
completed by the end of April 1982. The central issue is whether 
the Melanesian borderland is simply a remnant island arc or 
whether Samoan or Tuvalu Island chain volcanism was respon
sible, in part, for the formation of this region. During the 
20-day cruise, stretching from Pago Pago, Samoa, to the 
western end of the Vitiaz trench, dredge stations, piston and 
free-fall cores, and underway geophysical data were collected. 
In addition, we performed a reconnaissance of proposed 
spreading centers in the North Fiji basin. 

concentrates on precious metal deposits or base metal deposits 
with significant by-product gold and silver. An array of deposit 
types for the latter is now recognized, including at least four types 
of bulk gold-silver deposits as well as a variety of vein types. In
terest in the search for strategic minerals, not previotisly mined in 
the Canadian Cordillera, is also increasing. 

CARSON, CHARLES C , Sandia National Laboratories, 
Albuquerque, New Mexico 

Geothermal Drilling Problems and Their Impact on Cost 

The Circum-Pacific region is the focus for much of the cur
rent geothermal energy activity. Geothermal resources are 
typically accessed using conventional petroleum or water well 
drilling techniques. However, the uniqueness of the geothermal 
resource often causes problems and the impact such problems 
have on the costs of accessing geothermal reservoirs can be 
substantial. 

Historical data demonstrate the significance of unexpected 
problems. In extreme cases, trouble costs are the largest compo
nent of well costs, or severe troubles lead to abandonment of a 
hole. Drilling experiences from several U.S. geothermal areas 
are used to analyze the frequency and severity of various prob
lems, In addition, expected trouble costs are calculated, based 
on estimates of probabilities of occurrence as a function of 
depth for different wells. 

The most frequent drilling and completion problem in 
geothermal wells is lost circulation. This is especially true for 
resources in underpressured, fractured formations. Serious loss 
of circulation can occur during drilling—because of this, the 
producing portions of many wells are drilled with air as a drilling 
fluid and the inherent corrosion/erosion problems are 
tolerated—but it can also affect the cementing of well casing. 
Problems in bonding casing to the formation result from many 
other causes as well, and are common in geothermal wells. Good 
bonds are essential because of the possibility of casing collapse 
due to thermal eyeing during the hfe of the well. Several other 
problems are identified and their impacts are quantified and 
discussed. 

CHAN, GEORGE L., Commonwealth Northern Mariana 
Islands, Saipan, CM 
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THUR, Geol. Branch, Mineral Resoiu'ces Div. Ministry of 
Energy, Mines & Petroleum Resources, Victoria, British Colum
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Mineral Resource Expansion in British Columbia 

Starting in 1980, British Columbia embarked on a decade of 
major growth in its mineral industry that is based on expansion of 
existing mines, development of established reserves, further in
vestigation of known prospects, and widespread grass roots ex
ploration. Production valued at less than $2 billion in 1980 is ex
pected to double before the end of the decade. The evolution of 
the Cordillera provided a uniquely fertile environment for the for
mation of mineral deposits. An extensive terrace wedge on the 
margin of the craton and a growing collage of allochthonous ter-
ranes have been repeatedly activated by a sequence of collision, 
fault translation, and subduction. The result has been a great 
diversity of deposit types, found in a wide variety of teaonic set
tings from the Insular Belt to the Rocky Mountains. In the last 
few years it has become evident that favorable terranes for 
massive sulfides, porphyry, and shale-hosted lead-zinc deposits 
are much more extensive than originally believed, Ctirrent search 

Integrated Farming System (IFS) 

The Integrated Farming System (IFS) is a concept that holds 
promise for the people of the tropical world where there is plen
ty of solar energy, the nonpoUuting source of power for this 
technologically simple system. It is a viable alternative to the 
highly technical and petroleum-based systems that brought 
economic development to the industrialized countries. The IFS 
approach is based on effective management of water and food 
systems in a complete recycling program that produces its own 
feed, fertilizer, and fuel for an integrated livestock-aquacuhure-
agrioulture industry development, while controlling problems of 
sanitation and pollution at minimum cost and for maximum 
benefits. 

CHAN, GEORGE L., Commonwealth Northern Mariana 
Islands, Saipan, CM 

Role of Small Scale Biomass Systems in Alternative 
Development 

In the thousands of islands and vast rural areas within the 
tropical belt of the Pacific Ocean, where the climate and natural 
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environment offer optimum conditions for photosynthesis and 
bacterial action, small scale biomass systems should provide 
adequate renewable food, feed, fuel, fertilizer, and various raw 
materials for appropriate industries, not only to meet local 
needs, but also for export in order to buy machinery and equip
ment for meaningful social and economic development. The 
technology for such systems already exists, and can easily be 
transferred to all these islands and rural areas to solve many ex
isting problems of malnutrition, sanitation, pollution, energy, 
and unemployment, in an inexpensive and self-reliant manner. 
But more important still, the political and cuhural atthudes of 
the local leaders, the extent of government support for training 
and extension programs, and the needs of the people to conserve 
energy and other resources, can contribute considerably to the 
success of such alternative development. 

CHANG, STANLEY S. L., and H. S. LIU,* Chinese 
Petroleum Corp., Taipei, Taiwan, Republic of China 

Geochemistry of Geothermal Field in Eastern Taiwan, R.O.C. 

The eight main hot-spring areas of eastern Taiwan, 
distributed in a belt 185 mi (300 km) long and 25 mi (40 km) 
wide, can be classified, according to their geologic and chemical 
charaaerlstics, into three groups: (1) the Eocene slate, phyllite, 
and quartzite group, (2) the Miocene sedimentary rocks of the 
Coastal Reinge group, and (3) the Miocene argillite, slate, and 
phyllite group, Most of the springs belong to (3). 

The laboratory analyses of the hot water and rock samples 
from the eight springs, performed for this paper, accompanied 
by earlier chemistry and temperature reports on water from 
these springs, reveal that little deviations in their characteristics 
exist for each spring, although the water temperatures have 
fluctuated. 

The Si02 concentration geothermometer of the mixing model 
(Fournier and Truesdell in 1977) and a modified mixing model, 
accomphshed for this paper, are presumably the best available 
to estimate the geothermal reservoir temperature. Their applica
tion, however, cannot be valid in the greenschist region. This 
fact should not deteriorate the accentuated exploration of the 
geothermal energy in eastern Taiwan. Meanwhile, the establish
ment of an alternative geothermometer for the greenschist 
region is desired, 

CHEN, CHAO-HSIA, Central Geol. Survey, MOEA, Taipei, 
Taiwan, Republic of China 

A Simple Geological Model for Geothermal Systems in Central 
Range of Taiwan 

There are about 97 hot-spring areas in Taiwan, 70 of which 
are located in the Central Range metamorphic terrane. Among 
these 70 spring areas, 13 have maximum spring temperatures 
>85°C <99°C; the rest have >36°C <79°C. The five ex
plored thermal areas in this region indicate maximum subsur
face temperatures from 173° to 226°C. The Central Range is ap
proximately 185 mi (300 km) long and 25 to 45 mi (40 to 70 km) 
wide, comprising more than 100 mountain peaks that are 9,840 
to 13,100 ft (3,000 to 3,995 m) above sea level. Topographic 
relief is high, ranging from 1,640 to 4,900 ft (500 to 1,500 m) 
(AH, elevation difference between a mountain peak and the spr
ing) in 1.25 mi (2 km) (D, horizontal distance between the 
mountain peak and ihe spring) to 8,200 to 9,840 ft (2,500 to 
3,000 m) in 6.2 to 8.7 mi (10 to 14 km). High topographic relief 
facilitates deep circulation of meteoric water and upwelling of 
thermal water from depth, so that thermal springs mostly occur 

in deep valleys and production wells are all artesian. Analysis of 
the topographic effect on hydrothermal systems reveals that 
AH's of 2,300to 7,200 ft (700 to 2,200 m) and D's of 1,25 to 6.2 
mi (2 to 10 km) favor occurrence of high temperature thermal 
areas (max. spi. temp. >35°C or Tsi02 ^140°C), whereas 
AH's of 2,300 to 5,900 ft (700 to 1,800 m) and D's of 1.25 to 4.4 
mi (2 to 7 km) can only form low temperature thermal areas 
(max. spr. temp. < 60°C or Tsi02 "^ 110°C). A simple model 
for the hydrothermal system in the Central Range is based on 
these data. 

CHEN, JU-CHIN, and FBI-JAN LIN, Inst, Oceanography, 
National Taiwan Univ., Taipei, Taiwan, Republic of China 

Heavy Mineral and Manganese Nodule Distribution in Areas 
Adjacent to Taiwan 

The heavy minerals in the sandy shelf sediments around 
Taiwan consist mainly of magnetite, ilmenite, Eunphiboles, 
pyroxenes, olivine, epidote, garnet, zircon, tourmaline, and 
monazite. The highest concentration of heavy minerals occurs 
on the eastern Taiwan shelf where average heavy mineral con
tent is about 8%, This abundance of heavy minerals is closely 
related to the weathering of pyroxene andesite from the Coastal 
Range. Amphiboles dominate in the heavy minerals from the 
shelf of northern Taiwan while zircon and monazite are relative
ly abundant along the southwestern coast. 

The manganese nodules dredged by R/V Chiu-Lien from the 
Philippine Sea consist essentially of akaganeite (jS-FeOOH), 
birnessite, and todorokite, while the nuclei of the nodules con
tain phillipsite, illite, and feldspar. The average compositions of 
18 nodules analyzed are Fe 14.10%, Mn 12.94%, Ca 0.26%, Mg 
0.80%, Na 1.53%, K 0.62%, Co 2,588 ppm, Cr 30 ppm, Cu 
1,257 ppm, U 14 ppm, Ni 2,733 ppm, Pb 1,033 ppm, Sr 80 
ppm, and Zn 518 ppm. The (Ni + Cu) contents tend to increase 
with increasing Mn/Fe ratios which vary from 0,6 to 1.1 averag
ing around 0.9. According to the criteria given by Toth, the 
Philippine Sea nodules are not related to hydrothermal activity. 
These nodules may have originated by catalytic oxidation and 
absorption of Mn, Fe, and other transition elements upon 
suitable submarine surfaces. 

CHIANG, KAM, and CASWELL SILVER, Sundance Oa Co., 
Denver, Colorado 

Hoadley—A Potential Supergiant Gas Field in South-Central 
Alberta, Canada 

The Hoadley gas field is a potential supergiant gas condensate 
accumulation, discovered in November 1977 by Sundance Oil. 
The discovery well, Sundance et al Hoadley 6-2, has an AOFof 
26 mmcf of gas per day with 60 bbl of natural gas liquids per 
mcf of gas. The field covers approximately 1,500 mi2 (3,885 
km2) in south-central Alberta. The producing zone is in the 
Ixwcr Cretaceous Glauconitic formation consisting of 25 to 80 
ft (7.6 to 14.4 m) of sandstone pay. The sand was deposited as a 
gigantic marine barrier bar with an approximate width of 15 mi 
(24 km) and a length of more than 130 mi (209 km), trending 
southwest-northeast across south-central Alberta. The central 
and southwestern part of the barrier bar (approximately 100 mi 
[161 km] long) is entirely saturated with gas and natural gas li
quids. Of more than 100 Glauconitic gas wells completed within 
this section of the barrier bar since discovery, none has tested or 
produced salt water. The field is estimated to contain a potential 
recoverable reserve of 6 to 7 tcf of gas, and a potential 
recoverable reserve of 350 to 400 million bbl of natural gas li
quids. 


