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Auslin, T exas 

In tl'oduction 

Prophecies for the future are dangerous, imaginative, and 
whimiscal. The pessimistic views are given before the optimistic 
guesses. The basic needs of energy for society are so great that 
we will need all of the energy it is possible to convert to human 
use. Most of the prophecies mean challenges to us as scientists and 
as humans. 

The lavv of exhaustible resources and the earthly limits of fossil 
and radioactive fuels are definitely pessimistic. The intensity _of 
exploration is foreboding and pessimistic for future developmenf -

. _ of oil and gas in the United States. Dependency upon foreign 
sources of energy resources is not good. . 

In contrast, if we could use the ~vIiddle East as a model, it may 
be possible to find 12 more Middle Easts all on foreign soil or at 
sea. Such optimistic view is short in life because that, too, is 
limited and will face exhaustion. With both optimism and chal
lenge we can look to the future for more efficient electrical con
version and transportation, more efficient transportation use of 
energy by smaller cars and mass transportation, and to such new 
systems as hreeder fission, nuclear fusion, and solar machines. 
The development of hydrogen and methanol as fe ed stocks to 

. energy systems seems far in the future and would, in part, de
mand some of our present resources . Geothermal , tidal , wind , and 

1.33 
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hydropower all appear to be small in comparison to the real needs 
of the future . The final goal will be to adapt to solar energy sys
tems because at least this, with its shortcomings of weather 
vagaries, is renewable. 

The most important action to take immediately is to reserve 
all liquid fuels for portable transportation where electricity can
not be satisfactorily used. Natural gas should be reserved only 
for domestic heating, cooling, and cooking because of its cleanli
ness and established distribution systems. 

The Law of Exhau stible R esources 

The pattern -of the ultimate cumulative production curves of 
any exhaustible resource was well depicted by Hubbert in 19621 

and is shown in Figure .1. This well-known principle has been 
dormant, suppressed, and ignored by people, economists, geology 
teachers, researchers, explorationists, and the media. Hubbert 
demonstrated that definite reserves follow closely the normal sym
metrical and asymmetrical distribution types of curves, all of 
which reach a peak and decline. Exploration activities peak ahead 
of production, and then decline before actual production reaches 
a peak and declines. 
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Production of an Exhaustible Resource 

FIGURE F 

1 Hubbert , "En ergy Hesourccs," Nal. Acad. Sci-Nal. Hes. COline. Pub!. 
~.() . lOOO-D ( 962 ). 

~ I1)id. ( TI eprin ted \\-ith pC lmis~ i o ll bv Huhbert , 1962). 
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The Hubbert charts are short-term predi ctors of production 
trends. He dealt only with proven reserves, but curves of this sort 
apply equally well to prospective, probable, and ultimate reserves. 
The only differences may be in magnitudes. The built-in geologi
cal facts of these curves are: Time never reverses; time never 
stops; there is no vestige that time will end; and the resource is as 
finite as the earth. Hubbert summarizes his views on total world 
production of fossil fuels as a steep but time-limited blip in 
Figure .3 . This is depressing and pessimistic. Geologists, en
gineers, economists, politicians, and people in general must al-

. ways face the laws of exhaustible resources and meet the chal
lenges that go with this concept. 

K inds of Energy Resou rces 

Material used for energy may be either exhaustible or non
exhaustible. That which is exhaustible is finite, can be used up, 
and is gone forever. That which is non exhaustible is renewed, may 
or may not be limitless but offers optimism for the future. Some 
materials may be so poorly known that the amounts of future 
reserves cannot be estimated with assurance. Our known world 
energy resources that are accessible are: 

, , 

1900 2000 2100 2200 2~ 2~OO 2300 2600 2700 2000 
YEARS 

UltiITla te World Coa l Production 

FIGURE 4' 

A. NONRENEWr\BLE (exhaustible, finit e, subject to depletion ancl 
laws of exhaustion). 

:; Ibid . (Heprinted with permission bv Hubbert, 1902) . 
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1. [i'ossil Fuels (indirectly stored sunlight via photosynthesis 
with burial ill the rock column). . 
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Ultimate U. S. Coal Production 

FIGURE 5'1 

~ 3~~~~---,~---4-----4~\--4-----i-----t-----T----~ .. 
:0 
.Q 

FUTURE DISCOVERIES 
76. 109 bbl • 

~ 2 I------I------il------I-----.( 

oL_L_~~R~ 
1850 1900 2050 

YEARS 

t..s timate of Ultimate U. S. Production of Crude Oil 

FIGURE 6 7 

a. Coal (from 670 X 101~ watt years equivalent8 to 
6,000 X 1015 watt hours eql1ivalent9 stored in rocks 
and accessible) . 

r. Thid. ( Rep rint ed with permiss ion by Hubbert, 1962). 
'I1Jid. ( Rcprin tcd with perm iss ion by Hubbert, 1962). 
S Sta rr , "Energy Resource P bnning," Proc. of Materials Policy Meetings 

(Los Ange les, June 1972 ) . 
n Kris tofcrso n, "Energy in Socie tv," 2 /\mhio 178-1 8.5 (1973) . 
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b. Pe troleum (from 100 X 10 12 vvatt years equivalent 'O 
to 1,000 X 1015 watt hours equivalentll stored in 
rocks and accessible). 

c. Natural Gas (from 70 X 1012 watt years equivalent l 2 

to 400 X 1010 watt hours eql1ivalent13 stored in rocks 
and accessible) . 

d. Tar Sands, Oil Shales and Bituminous Rocks (from 
253 X 1015 watt hours equival entH to 300,000 X 10'0 
watt holll's eq uival ent'" stored in rocks and acces
sible) . 

2. Radioactive Minerals 

a. Uranium and Thorium Minerals (present fi ssion sys
tems from 1,500 X 1015 watt hours equivalent16 to 
3,000 X 101

i'i watt hours equivalent17 stored in rocks 
and available for a price of less than $40 per kilogram. 
Breeder fission systems, not yet operating may have 
from ,300,000 X 101

', watt hours equivalent1S to 
100,000,000 X 101

:; watt hours ef]uivalent l9 stored in 
rocks and available for a price less than $250 per 
k;ilogram) . 

.3. Geothermal Power (from 0.006 X 10'2 watt hours ~quiva

lent20 to 10 X 1012 watt hours eqllivalent~1 to be dis
covered and developed). 

B. RENEWABLE (based on sunlight and gravity energies, may be 
limited and world estimates shown are yearly contributions 
continuousl), renewed). 

1. Hydl'Opower (3 X 101 ~ watt hours equivalent developed 

In See N. 8 slIpra. 
II Sec N. 9 wpra. 
I~ See N. 8slIpra. 
1:1 See N . 9 slIpra . 
I ~ See N. 1 supra. 
I ~> See N. D sup r(/. 
I n [bid. 
17 See 1\'. 8 .I/l/ll'II. 
I ,' Ibid. 
I II See N. 9 s/lpra. 
:'0 Sec N. 8 slIpra . 
:' 1 See N. 9 s/lpr(/. 
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but 31 X 101~ watt hours equivalent available).~~ 

a. Bunning \Vater (.'3 X 101~ watt hours equivalent).~~ 
b . Tidal Power (1 X 101~ watt hours eql1ivalent).24 

2. fitmo/JOIVer (from 0.1 X 101~ watt hours equivalene5 to 
200 X 101~ watt hours eql1ivalent).~6 

3. Solar Power (from 3,500 X 1015 watt hours equivalent27 

to 28,000 X 101~ watt hours eql1ivalent28 subject to the 
vagaries of weather). 

4. Wood and Refuse (from 5 X 1012 watt hours equiva
lent~O to 50 X 1015 watt hours equivalent that might be 
available but limited by productivity) .30 

5. Organic Material (8 X 101~ watt hours eql1ivalent31 but . 
limited by productivity). 

C. MISCELLANEOUS (Limited to available source materials, but 
some are very abundant). 

1. Hydrogen (made from water by disassociation, no estima
tion on costs or amounts, as abundant as water). 

2. Deuterium. (heavy hydrogen, obtained from water, no 
estimates on costs or amounts. It could range up to 
.300,000,000,000 X 1015 watt hours equivalentJ2 but 
fusion reactions not yet operating). 

3. Methanol (methyl alcohol (CH3H) may be obtained 
from any gas, liquid or solid hydrocarbon. Costs and I 
amounts are unknown, but ease of transportation by pipe
line may justify it. Sources of materials are ultimately 
limited) . 

Coal is the most abundant resource among the fossil fuels, with 
reserves equivalent above all other fossil fuels. The scarcity of 
petroleum and natural gas will demand a move to employ more 
coal. This will also demand higher prices because of the slowness 

22 Ibid. 
n See N. 8 sli/ira . 
24 Ibid. 
25 Ibid. 
:!r, See N. 9 slt/Jra. 
27 Ibid. 
2 .~ See N. 8 .I1t/ira. 
2n Ibid . 
:10 See 1\'. 9 slt/Jra . 

:11 See N. 8 s lt/Jra. 
~ :! See N . 9 sltpra. 
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and costs of extraction. Sulfur in coal may be removed in the 
processing or in stack gases. This removal will increase the costs 
of energy. 

The obvioLls ultimate energy resource for the future will be in 
the nonexhaustible category. Solar energy will become most im
portant in the main low-level domestic heating, cooling, and 
cooking. Lack of sunlight at night and on cloudy days will require 
battery storage. Even though the vagaries of weather will plague 
the system, the future use of solar power seems inevitable. 

pnOOO<;TIDN 

NATunAL GAS ANO 
--.. HATUAAL GAS LIQUIDS 

23.'" 

-+ 'ETAOl£UM 
17.1 

fLOW OF (NfRCY TH I\OUGI-t TIn: V.5. SVST[U. 1810 
ON OVA O R ILlIDN I.T .U.I 

THE FLOW OF ENER GY IN THE U.s. SYSTEM 

FIG URE 7~:l 

Provided safety and disposal of dangerous materials are guar
anteed, then nuclear Assion, breeder Assion , and nuclear fusion 
conversions will become important. Regular nu clear Assion as we 
now know it can last as long as radioactive min erals are avaibble 
( about 25 years at the present price). Breeder Assion will increase 

:::1 Reproduced with perm!ssion f rom "The Flo\\' of Energy in an In, 
dustrial Society," hy Earl Cook, cop:Tight CD 1971 by Scientific p me riean. 
Inc. All rights reser\'(xl. This ma teria l also app(,ared ill th(' Rlla l )'C'p ort of 
th e National Com missio n a ll \!ater ia ls Poli ('v. 
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the energy extraction from radioac tive minerals by more than 100 
times. These h,·o me thod s may be good stopgaps in our future 

energy needs. 
Nuclear fu sion sys tems , even though not yet perfected, could 

free the public from dan gerous radioactive wastes, and the sources 
of deuterium seem limitless as th e ocean water. Perfection of the 
system has not ye t been accomplished, nor the costs a~sessed. 

Unless exhaustible fu els are ration ed and llsed sparmgly, Hub
bert's suggested blip on th e time chart will take place . To change 
this blip requires people to change to other possible sources of 

~f$.,V~jP'T iO\~ O~ ENERGY BY SOURC~S 
( H~72) 

~,Hj C l~ A If?l ~© W~fFl 1 % 
0.(3 QUADR ILLION BTU ~ 

W 

COA L 17% ~ [E Y RO L IE UM 
12 4 QU ADRILLION BTU 32 .6 QU ADRILLION BTU 

23 3 OU ADRILLION BTU 

FIG URE 83 ~ 

:1 1 :\ a ti oll a l C Ollll n 'l! O il \ late ri a ls P olicy, .\ latcri a ls Needs and the E nvi

roJl lll e lll , Today 1I1It! '[OIl1 01'ro ((; (J ll lle 1$:)73 ) . 
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energy. 
The United Sta tes is completely depend en t upon fossi l fu els for 

energy at this time. F ully one- third of the electricity is made from 
oil and gas . Two-th irds of the cnergy put into the making of elec
tric~y is los t on conversion and distribution. This los t energy 
never reach es the user-customer. Transportation has one of the 
most ineffici ent conversion systems, where more th an 70 percent 
of the energy put in the system is los t. W e as p eople, scientists, 
and engin eers ought to be working hard to redu ce these losses in 
electrical conversion and in transportation uses. 

Since all portable transportation, except electrified mass transit 
systems, are dependent upon th e hand), can of gasoline, kerosene 
or diesel fuel, it is proposed that all liquid petroleum be reserved 
for portable transporta tion where electricity or coal CaJU10t be 
used. It is also proposed that all clean natLl\'al gas be reserved for 
domestic heating, cooling, and cooking because th e cleaning and 
distribution systems are already es tablished . It also keeps the 
environment cleaner. This denies th ese easily handled but limited 
commodities to the electrical generators and forces them to use 
coal, nuclear, or solar power. 

Predictions for the future by th e National Petroleum Councip5 
in Figure 9 show how the United States will become very de
pendent upon foreign sources of petroleum and natu ral gas . There 
will be enormous increases in coal and nuclear power plants. The 
contributions to be furni shed by geothermal and hydropower 
sources are small. The part to be played by using hydrogen, deu
turium, and methanol are not shown because they would be 
guesses. 

If the United States becomes more and more dependent upon 
foreign sources for petroleum and natural gas, then the Govern 
ment must es tablish a far -reaching and definite polic), to remain 
absolutely fri endl y to all foreign nations , especially those with oil 
and gas reso urces. D ependency on foreign co untries fur ther obli
gates the United States to ha ve m anufactlll'cd goods, food, techni
cal services, training scrvices, and oth cr desired commodities that 
can be traded for en erg}' resources. Send ing the United States 
currency to forcigners to pay for oi l and gas des troys thc balance 
of payments and erodes the values of th e currency. A worse ning 

:1 .> JI !odi fl ed from N atioll a l P e troleum Co un cil , 1 .ull ifr d SllI tes En(' rgy 
Ollilook- (/ ll I lIl er ill1 Hl'Jw rl , p. xxv , Fig. l ( 1972) . 
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balance of payments means lower standards of living in the United 
States. 

Pessimistic and realistic views deepen further for United States 
if consideration is given to the density of exploration and the 
density of production of petroleum and· natural gas. The United 
States is the most densely explored area of the world for these 
products. Combining the bes t figures available, the exploration 
area of the United States has an exploration index of 0.86 wells 
per square mile, and Texas is almost three times as dense. 

Unfortunately, exploration wells for other major prodUcing 
countries of the world are not available. Usually, there are only 
a few nonproductive wells in foreign areas. A comparison of the 
denSity of producing wells can be made for some of the major 
oil and gas producing areas of the world. The Middle East, North 
Africa, and Venezuela are quite small as compared to the United 
States if the productive index is used. The success of exploration 
and productivity is bound to be greater in foreign areas . Sea-floor 
data are so scarce that comparisons cannot yet be made. This 
parameter of well index ought to be in every oil and gas searchers 
double-check system. These same data ought to be in the hands of 
the layman so he can understand our need to go foreign or to se:;l 
for exploration activities. 

The Middle East as a Model 

It takes time to switch to different methods of manipulating 
energy resources. Even though nuclear energy is in sight and 
solar energy will become the ultimate soW'ce, interim needs must 
be met. To command attention, the importance of the Middle East 
as a petroleum and natural gas producint, area is shown in 
Figure 11. u 

The Middle East has 55.8 percent of the world's proven re
serves of petroleum and 20.3 percent of the proven gas reserves. 
In contrast, the United States has 5.5 percent of the proven oil 
and 12 percent of the proven gas reserves. The United States has 
produced 36 percent of th e accumulated world production of 
petroleum, but th e Middle East, with vastly greater reserves, has 
produced anI), 23.4 percent of the accumulated oil production. 
That such a vas t reserve is known in the Middle East is enough 
to el emand that we und erstand the geological occurrences of the 
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Jal1.1,1974 Middle u.s. Can. Commu-
East nist (Inc. 

USSR) World 

Oil [X 10° b] 

Reserves 350 34.7 9.4 103.0 627.8 
(Proven) ( 55.8%) ( 5.5% ) ( 1.6%) (16.4%) 

Accum. Prod. 69 109.5 5.8 31.6 295.9 
(2.3.4% ) (36.0%) (2.0% ) ( 10.0%) 

1973 Prod. 7.8 3.0 0.6 2.7 20.1 
(38.8% ) ( 16.0%) (3.0% ) (16.1%) 

Gas [X 1012 c.f.] 

Reserves 413.3 247.0 50.2 735.4 2,033.3 
(Proven) (20.3%) (12.0%) (2.4% ) (36.0% ) 

FIGURE 1141 

hydrocarbons in that area. Using the Middle East as a model, 
hopefully, the interim needs of energy can be partially filled if 
we can find more Middle Easts . Based on the exploration and 
productivity densities, such additional areas are not likely to be 
within the United States, but rather at sea or in foreign lands. 

The geological occurrences of oil and gas in the j\'fiddle East 
are in an elongate Cenozoic-Mesozoic asymmetrical basin along 
the northeastern edge of the Arabian pre-Cambrian plate. The 
Jurassic to late T ertiary rocks dipping into th e basin have been 
gently deformed into anticlines along the south 'vves tern part of this 
basin. In contrast, tightly fold ed disharmonic anticlines are in the 
folded belt of the Zagros-Taurus ;\10untains to the northeast. 
The tightly folded areas are also intensely fractured, especially 
along the crests of folels. The carbonate oil and gas reservoirs are 
fractured deeply into Mesozoic rocks. At the northern end of the 
Gulf of Arabia gentlv fold ed Cretaceous s,mel bodies form reser
voirs that are ~onsicl~rec1 among th e larges t bodies of oil and gas 
in the \Yorlel. Southward, both Cretaceous and .T urassic carbonate 
reservoirs in gently folcl ed anticlines are clominant. 

41 See N. 38 supra. 
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·12 Greig, "Oil Horizons in the ~riddle East," Special Publication Hahitat 
of Oil (A.A .P.G. 1958). (Reprinted with permission from the AAPG and 
Greig), 
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·13 Baker and Henson , "Geologica l Conditions of Oil OcclU'rcnce III ?I'fiddle 
E~st. Fields," 36 AA.P.G. Dull. ~,)8.5-1901 (1952 ). (Rep rinted with pe r
nllSSlOn from the AAPG and Baker and Hensen). 
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FIGURE 1444 

Salt plugs and anticlines are in the southern part of the Gulf of 
Arabia and the southern Zagros Mountains. The salt is thought to 
be Cambrian. The elongate basin is definitely Jurassic, Cretaceous, 
and Tertiary. Paleozoic rocks, although present, are not in a sharp 
elongate basin configuration prior to the present basin folding. 

H Ibid. (Reprinted with', permission from the AAPG and Jaker and 
Hensen. ) 
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Much detail is known about the geology of the Middle East and 
the surrounding areas. A few choice bits of information arEi: the 
1,200 feet of oil column in the clean Cretaceous sands in the 
Burgan field, Kuwait; the extraordinary lateral fluid connections 
in the Ghawar field, Saudi Arabia, where wells produced at the 
northern end will cause pressure drops in wells 160 miles away to 
the south; the immense offshore field called Safaniya, Saudi 
Arabia, vying for the largest offshore production in the world; and 
the remarkable disharmonic folding in Iran and Iraq in the Zagros 
j\·10untain belt. 

Additionally, facies changes control production in the Kirkuk 
field, Iraq; much of the porosity and perm eability of the Asmara 
limestone, Tertiary, in the fold belt is clue to vertical fractures; 
Cretaceous oil migrates through fractures upward into Tertiar~' 

limestones in the fold belt ; and the salt intrusioris of southern Iran 

·15 Lees, "The Middle Enst," <1 Th c Scicllces of Pctl'Olcllm,No. I , pp. 
66-72 (l9S3). 
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·)G See N. 42 supra. (Reprinted with permission from the AAPG and 
Greig.) 
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H Kamen-Kaye, "Geology and Productivity of Persian G ulf Synclinorium," 
.54 A.A.P.G . l3ull. 2:371-2.394 (1970). (Reprinted w ith permi ssio n from tIl(> 
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,,0 Arabian American Oil Co. Staff, "Ghawar Oil Field, Saudi Arabia," 
43 A.A.P.G. Bull. 434-44.5 (1959). (Reprinted with permission from AAPG 
and th e Arabian American Oil Co. Staff. ) 
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;l~ Law, "ReasollS for Pe rsian Gulf Oil Abundance," ·41 A.A .P. G. Bull. 
.51-00 (1957). (Reprinted with permiss ion of th e AAPG and Lnw.) 
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FIGURE 23 sn 

Search Areas Elsewhere 

Geologists may take flights of fantasy and borrow from un
proven theories . Assume that some of what we know about plate 
tectonics is real. Plates of two continents may push together to 
form basins and mountains. Similarly, plates of two continents 
may pull apart to form trenches and grabens. Further, a con
tinental plate may ram against and ride over ocean floor plates. 
Subduction and an arc-shaped trench may form. Landward from 
the arc will be a basin, partially cut-off from the ocean, and it may 
contain reefs and deltas. Deposition within the basins are likely 
places for the accumulation of organic material in the sediments. 
Deposition in grabens may have similar possibilities . Deposition 

.,11 fllI'rI , (nrpr'inlrd wilh permiss ion of th e AA PC and Dunnington.) 
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FIGURE 24~' 

by rivers in deltas along the trailing edge of a plate may be rapid 
enough to maintain an excess of organic materials for the sedi
ments. All of these could he sites for potential oil and gas bearing 

strata. 
Vle know the ~'1iddle East is in a push-together zone. It has at 

least .55.S percent of the world proven oil reserves. Our first effort 
should be to find other Middle Easts. 

Pofential search areas are outlined as follows: 

( 1) 

(2) 

Ganges Basin, India, West Pakistan, East Pakistan , Nepal 
and Bhutan (compression between continental plates, 
deltas, reefs, elongate, Mesozoic-Cenozoic). 
Adaman Sea, Sumatra, Tava, Java Sea, and Sunda Sea (COIll

pression between a c~])tin e ;1tal plate and an ocean floor 
plate, elongate, c\C'ltas , \'f esozoic-Cenozoic, Sumatra and 
Java already productive). 

~7 Ibid . (Reprinted witI; permission of the AAPC and Dunnington.) 
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(3) South China Sea (compression between a continental plate 
and an ocean floor plate, deltas, reefs, ivfesozoic-Cenozoic, 
some gas already discovered). 

( 4 ) Eas t China Sea (compress ion between a cOlltinen tal plate 
and an ocean floor plate, deltas, reefs , lVfesozoic-Cenozoic). 

(5) Sea of Japan (compression between a continental plate and 
an ocean floor plate, deltas, reefs, Mesozoic-Cenozoic, part 
of it is fairly deep, but edge possibilities seem present). 

(6) Sea of Okotsk (compression be tween a continental plate 
and an ocean floor plate, deltas, reefs, Mesozoic-Cenozoic). 

(7 ) Bering Sea (compression between a continental plate and 
an ocean floor plate, deltas, Mesozoic-Cenozoic). 

(8) Eastern Mountain belt of Australia and the accompanying 
basins (compression by a continental mass against an ocean 
floor plate, elongate, reefs, Paleozoic-Mesozoic-Cenozoic). 

(9) New Zealand-Tonga Basin (compression between a con
tinental plate and an ocean floor plate, elongate, reefs, Meso
zoic, source of basin sediments an unknown). 

(10) Upper Amazon Valley, Ecuador, Eastern Peru, eastern Co
lombia, Bolivia, and a part of Venezuela (compression be
tween a continental plate and a sea floor plate, elongate, 
reefs, partly enclosed in the past, Mesozoic-Cenozoic, pro
duction known). 

(11) Patagonia and the southern Argentinian Atlantic shelf 
(compression betweeen a continental plate and a sea ~oor 
plate, elongate, reefs, Mesozoic-Cenozoic, some production 
known). 

( 12) Waddell Sea, ~ff Grahamland, Antarctica (compression be
tween a continental plate and a sea floor plate, deltas, reefs, 
Mesozoic-Cenozoic). 
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58 Dewey, Pitm an, Ryan, and Bonnin , "Plate Tectoni cs and the Evolution 
of the Alpine System," 84 Ceol. Soc. Am. Bull. 3137-3 180 (.1973 ). (Re
printed with permission of the Ceo!. Soc. Am . and Dewey, P Itma n, R~' a n . 
and Bonnin.) 
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Other similar basins ,that are ivl esozoic-Cenozioc with elongate 
patterns, deltas, reefs, and partial enclosures now somewhat ex
plored and productive are: western North America from the 
Alaska northern slope to the Gulf of Mexico; Franklin geosyncline 
of the Artie Islands; North Africa south of the Atlas Iviountains; 
small basins of western Europe such as the Aquitaine, Paris, Ba
varia, Vienna, Transylvania, Muldovia, Celtic sea, and North sea; 
and the Caspian sea basin of southern Russia. 

Similar Paleozoic basins with the same general character ex
cept for the ages of the rock are: Appalachian, Permian basin of 
Russia west of the Urals, a portion of the Siberian basin east of 
the Urals, and a part ?f the northern African complex. 

Summary 

To summarize, nine known energy resources can be considered 
for the future: 

( 1) Fossil fuels and radioactive mineral fuels are finite, non-
renewable, exhaustible, and can be deple'ted. ' 

(2) With depletion of fossil fuels and radioactive minerals, man
kind finally must turn to renewable solar, wind, and hydro
,power as a way of securing energy. 

(.3) Mankind will need all of the energy resources he can find in 
the future. 

( 4) During shortages of oil and gas, there will be a turn to coal 
and nuclear fission. These are abundant but finite. 

(5) Nuclear breeder systems can extend mJClear fuel by a factor 
of 100. The fuel is still finite and the engineering-economics 
of the system is not yet feasible . 

(6) Nuclear fusion offers in the future what seems to be an 
abundant supply of fuel in deuterium. Engineering-economic 
problems of the system are not yet solved. 

(7) Plate tectonic concepts coupled with high organic production 
presents the geologist with a giant effort of finding more 
JvIiddle Easts (maybe a total of 12). These are foreign or 
at sea . They would be interim, and would be finite. 

(8) Laws of exhaustible resources; exploration density, pogr bal
ance of payments, and dom estic reso urces of fliers are pes
simistic, depressing, and foreboding. 



, 
\ 

-.: 

- ~--

166 E XPLonATION & ECONO;'lIICS OF THE P ETROLEUM INDUSTRY 

(9) Interim discoveries of ncw oil and gas, more efficient uses, 
conservation, and turning to nuclear and solar sources are 
optimistic and offer hope. 
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