The World’s Deepest Well

Now at 12,000 meters, a research well at Kola in the Soviet Arctic

has revealed the cause of a seismic discontin uity and has pioneered

drilling techniques for the deep exploration of the earth’s crust

ince 1970, on the barren rock of
the Kola Peninsula 250 kilometers
north of the Arctic Circle in the
Murmansk region of the Soviet Union,
a drilling derrick as tall as a 27-story
building has been driving a well into
the Baltic continental shield. The drill
bit, grinding through crystalline rock for
more than half of its journey, has now
carried the bottom of the well to below
12,000 meters. The Kola “superdeep”
well is the world’s deepest. It is deeper
by far than the 1,500- to 7,000-meter
wells usually drivgn to prospect for or to
extract oil, coal, iron, the nonferrous
metals, diamonds and other treasures of
the earth.

The first treasure sought by the Kola
well is understanding of the deep struc-
ture of the continental crust and the
forces that have shaped it through four
billion years of geologic history. Present
understanding derives in large part from
the sample of the earth’s crust, about
15,000 meters of its average 30,000-me-
ter depth, that is exposed here and there
at the surface. The velocity of seismic
waves, increasing with the depth of buri-
al but varying with the constitution of
the rock, and the readings of instru-
ments flown by aircraft and earth satel-
lites that sense the gravitational and
electromagnetic fields of the earth all

tell a great deal more about what is hid-.

den below. There is no substitute, how-
ever, for direct observation of what is
deep in the earth and what is going on
down there now.

The Kola well has traversed 1.4 bil-

lion years of earth history through the
Proterozoic era into Archean rock 2.5 to
2.7 billion years old. It has exposed half
a dozen cycles of crust Building that

brought new igneous rock into the crust

from the molten mantle below, then
broke it down by weathering and glacia-
tion, sorted it and redistributed it in sedi-
mentary strata, and then reconsolidated
it tq crystalline rock again in the meta-
morphism induced by the heat and pres-
sure of the next intrusion of igneous
rock. The rock samples, brought to the
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surface with difficulty that has increased
with depth, establish a general.thermal
model of the evolution of the crust
through the period when the main fea-
tures of the earth’s continental shields
were laid down. The record makes it
possible to determine the composition
of the primitive crust at Kola, at least;
that proves to have been granodiorite,
an igneous rock somewhat poorer in
quartz than granite is.

A major objective of the Kola well
was to penetrate through the upper
crustal layer of granite into the underly-
ing basement rock of basaltic composi-
tion. Basalts are less often found at the

-surface, and the presumed basaltic base-

ment is nowhere exposed on the conti-
nents. The boundary is thought to be
marked by an abrupt increase in the ve-
locity of seismic waves that has been
observed around the world at midcrus-
tal depths. At the Kola Peninsula the

~ shift in velocity occurs at 9,000 meters.

The Kola well was the first to cross that
boundary. It did not, however, find ba-
salt below it.

Instead the well had come to the bot-

tom of an anomalous zone of disag-
gregated metamorphic rock it had first
penetrated at 4,500 meters. As it worked
its way through this zone the well en-
countered surprising, copious flows of
hot, highly mineralized water. Such wa-
ter—“water of crystallization”—comes
from minerals making up crystalline
rock; it is released as the constituents
undergo dissociation and reassociation
in the kneading and baking of metamor-
phism. Metamorphic water plays a ma-
jorrole in the genesis of ores. Ordinarily
it finds its way out of the metamorphic
formation and deposits its mineral bur-
den higher in the crust. At Kola the wa-
ter was trapped at the site of its libera-
tion by layers of overlying impervious
igneous rock two kilometers thick. To
squeeze the water back into the rock
would require pressure that is found
only deeper in the crust or in the upper
mantle. Since the tensile strength of the

rock is a fraction of this hydraulic pres-
sure, its dehydration was accompanied
by microfracturing. This phenomenon
of the hydraulic disaggregation of meta-
morphic rock, never before observed,
may have a significant place in the struc.
ture of continents.

In the flows of mineralized water en-
countered in the zone of disaggregation
and in thin, sharply defined formations
below, and in the evidence of mineral
deposits that was revealed at other ley-
els, the Kola well demonstrates that man
has barely scratched the surface in his
search for minerals. Immense resources
lie at depths awaiting the technology to
reach them.

The descent of the well also released

‘flows of gas at al] levels. Among the gas-

es identified are helium, hydrogen, ni-
trogen, methane and other hydrocar-
bons, and carbon dioxide. The light ele-
ments in these gases came, of course,
from the crystal structure of the rock by
the same metamorphic processes that

freed the water. That there were two

sources for the carbon dioxide is sug-
gested, however, by its carbon-isotope
composition. The presence of fossil mi-

_croorganisms in the Proterozoic rocks,

hundreds of millions of years old, indi-

cates that the second source of the car- -

bon dioxide was biogenic.

The drilling of the Kola well inaugu-

rated a long-term program of syste-
matic drilling of the deep structure of
the earth’s crust in the territory of the
U.S.S.R. that will continue into the next
century. Under the auspices of the In-
terdepartmental Council for the Study
of the Earth’s Interior and Superdeep
Drilling, geologists and mining engi-
neers undertook in 1962 to develop the
technology for the drilling and study of
deep wells. In 1970 drilling began at
Kola and at Saatly in the Baku oil and
gas district on the Caspian Sea, where
the well has penetrated to 8,500 meters.
A deep seismic survey of the Soviet ter-
ritory has meanwhile helped to estab-
lish the sites of the other deep and su-
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is 86 meters high, with a capacity of 400 metric tons. The power unit
for the drill, situated at the bottom of the well, is a turbine driven
by the high-pressure flow of drilling mud pumped from the surface.
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DERRICK HOUSING stands 30 stories above the tundra at the Kola site, 250 kilometers north
of the Arctic Circle. The enclosure keeps the wellhead above freezing for year-round drilling.
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DRILLING SITES selected for a comprehensive study of the earth’s crust dot the U.S.S.R.
With technology developed in the drilling of the 12,000-meter well at Kola and the Saatly well
on the Caspian Sea, which has reached a depth of 8,500 meters, three more wells will be drilled
to depths of more than 7,000 meters at the labeled sites. At the same time wells of lesser depth
will be bored at other locations (unlabeled dots). The wells all lie at the intersections of recent
seismic profiles and will add to an understanding of the genesis of ore and hydrocarbon deposits,
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perdeep wells thut are now to be drilied.

A better understanding of the deep
structure of the crust will yield methods
for predicting the occurrence of and
prospecting for mineral deposits and oil
and gas fields at depths far below those
exploited today. As the Kola well has
shown, mineral resources may be found
at great depth. An essential objective of
the research enterprise, therefore, is to
develop technology for penetrating the
earth’s interior to depths of 10,000 to
15,000 meters.

On the global scale the earth’s crust is
thin enough: a mere 35 kilometers
in a radius of 6,000 kilometers. Seismic
and other indirect evidence seems to
confirm the hypothesis, put forward in
1926 by the British geophysicist Harold
Jeffreys, of a three-layered—sedimenta-
ry, granitic and basaltic—continental
crust. The correlation of the density of
rock samples measured in the laborato-
ry with the velocity of seismic waves ob-
served in the field gives a density of 1.8
to 2.5 grams per cubic centimeter and a
velocity of about five kilometers per sec-
ond for sedimentary rock. Density and
velocity rise to 2.5 to 2.75 grams per
cubic centimeter and five to six kilome-
ters per second in granitic rock. At the
so-called Conrad discontinuity the ve-
locity of seismic waves rises to six to
seven kilometers per second; this has
been taken to mark the transition to the
basaltic layer with a density of 2.75 to
three grams per cubic centimeter. The
granitic layer, composed of the lighter
elements oxygen. silicon and aluminum,
was laid down in the Archean era and is
widely developed on the surface of the
continents. While the continental crust
may thicken to 70 or 75 kilometers un-
der mountain ranges, the oceanic crust
has a depth of only five to 10 kilometers;
it is commonly thought to be composed
of the basaltic layer overlain by deposits
of sediment.

Below the continental and oceanic
crust the Mohorovici¢ discontinuity in
the velocity of seismic waves locates, it
is supposed, the top of the mantle. The
velocity rises abruptly to 7.8 kilome-
ters per second and increases in jumps
to 13.6 kilometers per second down
through the upper (35 to 300 kilome-
ters), the middle (300 to 950 kilometers)
and the lower mantle (950 to 2,900 kilo-
meters). The density of the mantle rock
ranges correspondingly from 3.3 to 5.9
grams per cubic centimeter. From the
direct evidence of volcanic rock as well
as from indirect evidence supplied by
meteorites and geophysical and astro-
nomical data, the mantle is thought to
be composed of magnesium and iron
silicates down to a depth of 1,100 kilo-
meters. At lower levels sulfides and ox-
ides of iron, copper, zinc, lead, mercury,
antimony and bismuth, as well as sele-
nium, tellurium, gold, silver and other
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heavier metals, predominate. Tempera-
tures in the upper mantle range appar-
ently from 1,000 to 1,500 degrees Cel-
sius, and the pressure at those depths
reaches 100,000 atmospheres.

To test and extend the picture of the
earth’s crust put together from indirect
evidence, geologists have yearned to
sink wells to the Conrad and the Moho-
rovicic¢ discontinuity beyond. The Kola
Peninsula was chosen for the present en-
terprise because the Baltic shield there
is representative of the ancient granit-
ic continental plates of India, North
America, southern Africa, western A us-
tralia, Antarctica and Greenland. The
well site also lies in the Pechenga cop-
per- and nickel-ore mining region, and it
was hoped that a well there would throw
light on the genesis of those ores. The
region, exposed to glaciation and weath-
ering for hundreds of millions of years,
has lost 5,000 to 15,000 meters of the
upper portion of the granitic layer by
erosion. Thus the 12,000-meter geologic
section of the Kola well corresponds to
an “average” continental layer at depths
of between 8,000 and 20,000 meters be-
low the surface.

The sinking of the Kola well has
induced significant innovations in
drilling technology. Below 10,000 me-
- ters conventional rotary drilling, which
turns the bit at the bottom by rotating
the entire drill string, encounters dis.
abling difficulties. The 800- to 900-
metric-ton weight of the steel-pipe string
sets up enormous stresses at the surface
and amplifies the forces resisting rota-
tion of the string. In the Kola well a bot-
tom-hole turbine, driven by the flow of
the drilling mud, turns the bit. Rotation
of the string is eliminated entirely or is
reduced to a few turns per minute, sum-
moned to back up the turning of the bit
by the turbine.

The drilling mud in an ordinary well
is pumped down the inside of the drill
string to cool the grinding bit and en-
train the cuttings; it returns to the sur-
face by way of the annular space be-
tween the drill string and the wall of the
well and in the process helps to maintain
the integrity of the wall. In the Kola well
the mud is pumped to the turbine at a
pressure of 250 atmospheres. A reduc-
ing gear under the turbine in the string
lowers the rotation of the bit three or
four times below that of drills in con-
ventional wells to an optimal 80 to 150
revolutions per minute and correspond-
ingly increases its rotation moment. A
hydraulic feedback line in the pumping
system, transmitting pressure surges in
the drilling mud at 1,500 meters pcr sec-
ond, controls the rotation of the turbine
and the string and thereby the speed and
moment of the drill bit. Noise filters of
original design ensure reliability of con-
trol at a depth of 12 kilometers.

The drill string, made of a high-

strength aluminum aiioy, weighs only
400 or 500 metric tons. This is a great
advantage, since the replacement of
worn-out bits or the recovery of core
samples requires that the entire string be
pulled to the surface and lowered to the
bottom again hundreds of times. To ac-
complish the penetration of the Kola
well to 11,000 meters, the total length of
drill pipe run through the well mouth in
the course of such round trips exceeded
25 million meters. Apart from reduction
of the burden on the derrick, the lighter
weight of the string decreases the wear
on the string itself and on the casing and
wall of the well brought about by fric-
tion in all this travel. That wear can be
considerable, for drilling never proceeds
perfectly vertically. The Kola well drift-
ed from the vertical by an average of
five degrees down its passage to a maxi-
mum of 17 degrees at 10,000 to 10,500
meters; at that point the drill bit was 840
meters to one side of the wellhead [see
illustration at right on next pagel.

The design of the Kola well itself had
to respond to unpredictable changes in
conditions as the drill bit worked its way
down. While the first two kilometers
of the well were cased [see illustration at
left on next page), it became evident that
greater freedom of movement and de-
cision making would be necessary far-
ther down. The result was the strategy
of “open-hole advanced drilling.” Below
2,000 meters the entire well has been
drilled without casing.

Every piece of rock extracted from
the deep earth has its value. As the
Kola well deepened it became increas-
ingly difficult to bring cores to the sur-
face. Ordinarily cylindrical core sam-
ples 60 to 80 millimeters in diameter
enter the drill tube as the bit erodes
the ring of rock at the bottom; the core
remains there in the barrel until the
drill string is hauled to the surface.
At sufficient depth, however, the rock
“bursts” from the release of internal
forces when the drill bit relieves the
compression of the overlying rock strata
that sets up those forces. If ordinary
sampling equipment were used at such
depths, pieces of the core would block
the entrance to the core barrel, and 90 to
95 percent of the core would be ground

into the drilling mud. A new core-sam--

pling tool that diverts some of the mud
stream into the core barrel catches the
pieces of the burst core and carries them

WELLS AND MINESHAFTS vary in depth
according to the resource sought. The bar
graphs compare the median (gray) and maxi-
mum (color) depths to which shafts of each
type have been sunk with the depth of the
Kola well and the Bertha Rogers well in Okla-
homa. That borehole, the world’s second-
deepest, was a gas well; drilling stopped at
9,674 meters when bit struck moliten sulfur,
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SCHEMATIC OF THE WELL shows the
progressive narrowing of the hole. To a depth
of 40 meters the hole was drilled with a bit
nearly a meter across and walled with pPipe 720
millimeters in diameter. Drilling proceeded
with a 214-millimeter bit. The first 2,000 me-
ters of the hole was eventually widened and
cased with 325-millimeter pipe to control col-
lapses. At greater depths the hole is uncased
but is shored up by the pressure of the drill-
ing mud, which flows down the pipe and back
to the surface in the space around the pipe.
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BOREHOLE TRAJECTORY, mapped in
profile (fop) and as horizontal wander in re-
lation to the wellhead (bottom), departs from
the vertical by a maximum of 840 meters, at
adepth of 10,500 meters. Some drill-hole wan-
der is inevitable, but it increases friction as the
drill string is lowered into a borehole or re-
moved for the recovery of core samples or
the replacement of worn-out bits. Sensors in-
corporating gyroscopes and plumb bobs were
used to measure the inclination of the hole and
steer the bit in an attempt to reduce wander.

into a special chamber, clearing the en-
trance for new samples.

The technology now demonstrated at
the Kola well opens the possibility of
drilling to between 15 and 17 kilome-
ters. New problems must, however, be
anticipated. Ordinary aluminum alloys
lose their strength at temperatures of be-
tween 110 and 150 degrees C. We have
succeeded in developing alloys to with-
stand temperatures of between 230 and
250 degrees. Powder metallurgy prom-
ises aluminum alloys with temperature
stability at the 270 to 300 degrees that
must be anticipated as the well goes
deeper. Titanium-alloy drill pipes may
be made to withstand the 400-degree
temperature that occurs at even great-
er depths.

Along with high temperatures, tech-
nology for deep drilling must anticipate
pressures reaching 3,000 atmospheres,
corrosive chemical effects from highly
mineralized trapped water, loss of sta-
bility in the rock mass around the bore-
hole and deviation of the hole from the
vertical. Retrieval of core samples to the
surface becomes increasingly tricky. To
solve this problem it is necessary to de-
sign a means to core and to transport
rock samples in sealed containers that
will preserve conditions prevailing at
the hole bottom, including the satura-
tion of the rock there with gas and water.
A pressure chamber is now being devel-
oped in the laboratory to simulate the
conditions that prevail at depths of 15
to 20 kilometers, that is, temperatures
of 300 to 400.degrees C. and pressures
of 2,000 to 3,000,atmospheres.

The earth history penetrated by the
Kola well must, of course, be read from
the bottom up. In the Archean complex,
between 12,000 ‘gnd 6,842 meters, the
first stage saw the accumulation of thick
sedimentary strata from the weathering
of the primal granites, the weathering
being punctuated by intrusive flows of
plutonic granite. That these granites
were rich in iron and titanium is evi-
denced in the concentration of magne-
tite and ilmenite ores, which reaches 40
to 50 percent of the rock at 8,711 me-
ters. In the second stage the rocks under-
went folding, metamorphism and ultra-
metamorphism at temperatures of 750
to 900 degrees C. and pressures of 5,000
to 11,000 atmospheres.

Geologists are able to reconstruct his-
tory in this way because rocks are
highly sensitive recorders of tempera-
ture and pressure. From the same start-
ing material supplied by the mantle,
metamorphic rocks develop a variety of
distinguishing characteristics, “facies,”
which may include variation in elemen-
tal composition, depending on the pres-
sure and temperature at their formation.
In general, metamorphism results in
the production of denser rock with less
bound water from more hydrous rock.
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Elenienis not incorporated in the new
crystal phases go into solution with the
newly freed water.

Radiocarbon dating places the culmi-
nation of the Archean metamorphism in
the Kola Peninsula at 2.7 to 2.8 billion
years ago. It was followed by deep ero-
sion by water and accumulation of sedi-
ments of the weathering crust in isolat-
ed depressions. In some regions of the
world, notably South Africa, immense
deposits of metal-bearing conglomer-
ates are associated with such sedimen-
tary deposits.

The Proterozoic complex, from 6,842
meters to the surface, began to build
up on the Archean basement 1.1 billion
years ago. The rock records four major
phases in the buildup of the continental
crust during this period. During the first
phase, sedimentary volcanic material
was deposited on the Archean floor. The
gravelly strata show abrupt changes in
thickness, indicating they were depos-
ited by streams in ancient valleys. The
first of two cycles of plutonism brought
intrusion of granitic rock, devoid of me-
tallic elements, that overlaid the previ-
ously formed rocks and brought them
under alteration through low-tempera-
ture metamorphism. In the second cycle
the mantle contributed rock rich in me-
tallic elements. These ore-bearing intru-
sions laid down the copper-nickel sulfide
deposits that outcrop in the Pechenga
region. The Kola well found such de-
posits at intervals down to a depth of
1,500 to 1,800 meters. The fourth phase
of the Proterozoic era brought on the
anomalous episode of “closed” meta-
morphism that resulted in the hydrau-
lic disaggregation of the metamorphic
rock first observed in the Kola well
through the zone 4,500 meters thick
that crosses into the Archean basement.

Core samples show the content of

chemically bound water remaining
constant, at 4 percent of the rock, to
4,500 meters from the surface. There,
quite abruptly, the water content of the
rock decreases to 2.1 percent. It is there
that the zone of disaggregation begins,
with microfracturing of the rock in-
‘reasing its porosity by three or four
imes over that observed in the rock
ibove and correspondingly reducing
he density of the rock mass from 3.1
jrams per cubic centimeter to 2.9. The
reed water trapped in the interstices of
he fractured rock, calculations show,
orced the initial total volume of rock
nd water to increase by 1.7 percent.
"he enormous hydraulic pressure thus
xerted caused the microfracturing that
1ust initially have increased the porosi-
v of the rock to 10 times that of the
verlying strata.

The lower boundary of this zone, at
000 meters, is marked by an increase
1 the velocity of the seismic waves. This
roved, of course, not to be the pre-

sumed Conrad discontinuity from gra-
nitic to basaltic rock. The increase in
elastic-wave velocity simply marks the
bottom of the zone of disaggregation
with the return to rock of normal densi-
ty and the cessation of the inflow of
thermal water into the well.

The value of a firsthand look at the
interior of the earth is amply demon-
strated by this discovery. Hydraulic dis-
aggregation of metamorphic rock may
explain the geologic nature of bounda-
ries marked by changes of elastic-wave
velocity and reflection of such waves

observed around the world in the upper
part (down to 15 or 20 kilometers) of
the earth’s crust. Moreover, this phe-
nomenon must substantially change no-
tions about water circulation in the con-
tinental crust and the nature of the
subsurface hydrosphere.

The high mineral content of the fis-
sure waters and the flow of gases in the
well show that active gas-water proces-
ses proceed in crystalline rock at great
depths. The prospects for the discovery
of new ore deposits at those depths are
raised correspondingly. In the zone of
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CROSS SECTION OF THE WELL (MILLIMETERS)

CROSS SECTION OF THE BOREHOLE changes with depth, although bit diameter was con-
stant. The bar graph (righ?) shows caliper measurements of the hole across its greatest diam-
eter at each depth; the curve charts the trend. The generally elliptical shape of the hole repre-
sents the resolution of unequal horizontal compressive forces in the rock; the hole’s short axis
corresponds to the direction of the greatest force, The rock spalled and burst along the axis
of lesser force, widening the hole and Yielding fragments that were swept to the surface in the
drilling mud. The magnitude of the effect varied with changes in rock pressure and character.
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KOLA WELL

disconsolidation in the Kola well the
rock fragments are cemented by sul-
fides of copper, nickel, iron, zinc and co-
balt. The relatively low temperature of
formation of these sulfides and the iso-
topic composition of the sulfur, which
resembles that of meteorites, suggest
these sulfides were generated by the
mantle. Favorable conditions for the
formation of hydrothermal ore deposits
thus prevail through an extensive verti-
cal range in the continental crust.

Direct measurement of temperatures.

in the well compels revision of ideas
about the distribution and flow of heat
in the earth’s interior. It has been sup-
posed that in a tectonically stable region
such as the Baltic shield the temperature
would increase only slowly with depth,
rising to 50 degrees C. at 7,000 meters
and perhaps 100 degrees at 10,000 me-
ters. In fact the measured temperature
gradient fit the expected one-degree in-
crease every 100 meters down only to
3,000 meters. From there temperature
began to rise by 2.5 degrees every 100
meters. At 10,000 meters it reached 180
degrees. Hundreds of cubic meters of
cold drilling mud pumped into the well
returned to the surface heated to 45
degrees. Since the radioactivity of the
rocks traversed by the well can make
only insignificant contribution to this
heat flow, it must plainly come from the
mantle below.

The success of the Kola well has in-
stilled new confidence in plans for the
systematic deep and superdeep drilling
of the earth’s crust encompassed by the
borders of the*U.S.S.R. [see bottom illus-
tration on page 100). Sites for the wells
have been chosen at the crossing points
of a network of interlinked seismic pro-
files, including the contributions from
an extensive program of deep seismic
soundings that has been carried out over
the past decade.

The drilling of the wells will help, in

turn, to perfect the interpretation of
seismic data. Direct readings on condi-
tions and core samples from the wells

GEOLOGIC STRATA through which the
borehole passes encompass 1.4 billion Years
of earth history, The sedimentary and volcan-
ic rocks found at depths of up to 6,800 meters
(gray) date from the Proterozoic era, which
began 2.4 billion years ago. The deeper granit-
ic strata (pink) were laid down as long ago as
2.7 billion years during the Archean era, the
first era of geologic time. It was expected that
the well would pass from granitic rocks into a
basement layer of basalt at a depth of 9,000
meters, where an abrupt change in seismic-
wave velocity occurs. Instead it was found

that the velocity change marks the base of a-
4,500-meter-thick zone of rock that has been’

shattered by the pressure of water driven from
crystalline minerals during metamorphism.,
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ROCK PRESSURE, derived from measure-
ments of acoustic-wave velocity through the
rock near the hole, frequently deviates from
the linear increase with depth (dotted line)
expected in homogeneous material. The zone
of anomalously high pressure at a depth of
3,200 meters reflects the high density of im-
pervious strata at that depth. The dispropor-
tionately low pressures from about 4,000 to
9,000 meters mark a zone of fractured rock.

will establish secure correlation between
geodynamical beundaries in the earth’s
crust and upper mantle and observed
structural and compositional bounda-
ries and contacts. This work will help
also to improve thq resolution and accu-
racy of seismic recordings and thereby
increase the amount of information that
can be extracted from indirect geophysi-
cal observation. Anomalies in the prop-
agation and velocity of seismic waves
not correlated with structural data from
the wells may present significant new
questions for study.

Drilling will continue at the Kola and
Saatly wells. They will serve as labora-
tories for intensive study of the physiol-
ogy as well as the anatomy of the crust
at those sites. The next three superdeep
(more than 7,000 meters) wells are to
be drilled at Muruntan, Anastasievsko-
Troitskaya and near the Caspian Sea.
The drilling of six deep (more than
4,000 meters) wells will proceed simul-
taneously, three of them in gas- and oil-
bearing regions and three in ore-bearing
regions. Thus in addition to answering
fundamental questions about the struc-

- ture of the continental crust, the deep

seismic profiles combined with direct
observation in the deep and superdeep
wells will assess major geotectonic ele-
ments in the U.S.S.R. considered to hold
significant resources.



