edge of the Gulf Stream and the sec-
ondary structure to the north. The
three distinct gray shades that are vis-
ible indicate the presence of three defi-
nite thermal regions. The dark region to
the east and south corresponds to the
Gulf Stream; clouds (bright areas) ob-
scure the warm waters of the stream
farther seaward. The light gray area
just east of the coast represents the
cool (shelf) water mass, and the inter-
mediate area represents the intermedi-
ate temperature of the slope water
mass. Meanders in the Gulf Stream
north wall (main boundary) are quite
visible. These features have been ob-
served from aircraft on previous oc-
casions but only over very limited
areas and never in a completely synop-
tic sense such as the satellite provides.
Tongues of cool water penetrating
into the intermediate slope water
can also be noticed along the second-
ary thermal boundary. Pictures like
this one can be received at any APT
station and can be used operation-
ally.

For quantitative work the digitized
radiation information is more useful.
When used for such studies the infrared
radiation measurements should be cor-
rected for any atmospheric contamina-
tion of the observed surface values. In
the 10.5- to 12.5-um region, atmo-
spheric water vapor and carbon dioxide
are absorbing constituents. Corrections
vary with the viewing angle of observa-
tion, cloud conditions, and the amounts
of these atmospheric constituents. The
data presented in Fig. 1 have been cor-
rected for these factors.

Figure 1 shows an analysis of the
digitized infrared radiation data dis-
played on the cover. Isotherms have
been drawn at intervals of 2°C. The
8°C isotherm traces, in gross fashion,
the east coast of the United States, and
a strong temperature gradient appears
along the coastline. Over the Gulf
Stream area the surface temperature
was greater than 26°C, over the inter-
mediate slope water about 20°C, and
over the shelf waters about 17°C. The
satellite-derived temperatures were com-
pared with aircraft radiometric observa-
tions obtained over the same area on
17 October 1970 from the U.S. Naval
Oceanographic Office. Differences were
less than 1.0°C over the three principal
water mass regions. The strong tem-
perature gradient and the meanders
along the main thermal boundary are
very dramatic. Several interesting coast-
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al water intrusions visible at various
points on the cover are even more
noticeable in Fig. 1. Two intrusions
of cool shelf water penetrate the in-
termediate slope water just east of
the James River and Chesapeake Bay.
On each side of these cool tongues, a
compensating intrusion of warmer
water into the shelf waters toward the
northwest is noticeable. Similar thermal
features over the same area have been
noticed on other days in the infrared
radiation' data from the satellite. A de-
tailed analysis and interpretation of the
satellite data and supporting surface in-
formation for these cases will be pub-
lished at a later date.

Synoptic sea-surface temperature in-
formation from environmental satel-
lites, together with supporting informa-
tion from other observation platforms,
can be very useful for increasing our
understanding of the physical phenom-
ena occurring over Earth’s oceans. It
is almost impossible to get an instanta-
neous and complete thermal picture of
surface features with dimensions as

large or larger than the Gulf Stream
without use of environmental satellites
equipped with infrared radiometers.
Utilizing the satellite’s capability to pro-
vide a synoptic overview of large por-
tions of the ocean surface ties together
the vertical soundings beneath the sur-
face, possibly only from in situ
measurements, for a more complete
three-dimensional understanding of our
marine environment.
P. K. Rao
A. E. STRONG
R. KOFFLER
National Oceanic and Atmospheric
Administration, National
Environmental Satellite Service,
Hillcrest Heights, Maryland 20031
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Rifting in Iceland: New Geodetic Data

Abstract. Small but measurable lengthening of several survey lines within the
eastern rift zone of Iceland occurred between 1967 and 1970. The changes can
be interpreted as a widening of the rift by 6 to 7 centimeters, possibly during

the 1970 eruption of Hekla volcano.

Fifty-eight survey lines averaging
2.7 km in length were measured with
a model 6 Geodimeter in Iceland dur-
ing 1967. Most of the lines were joined
end to end to form two segmented pro-
files across the rift zones and were
designed primarily to detect horizontal
movements perpendicular to the rift

Iceland

100 km

Fig. 1. Index map of Iceland showing the
postglacial volcanic zones in gray (12)
and three groups of survey lines: C, cali-
bration lines; T, Thingvellir lines; E, east-
ern rift lines near Hekla volcano.

axes (/). Resurvey of these lines was
planned for 1972, but the May and
June 1970 eruption of Mount Hekla,
15 km south of the eastern profile,
prompted a resurvey of 17 line seg-
ments during September 1970 with a
model 8 Geodimeter (Fig. 1).

From Table 1 it can be seen that
all the line segments show an apparent
increase in length from 6 to 45 mm.
These apparent increases are in part
a problem of inaccuracy between the
two different Geodimeters, which can
fortunately be resolved. Two calibra-
tion lines were located in an aseismic
area of Tertiary volcanics outside the
rift zones and parallel to the northeast-
southwest Tertiary dike trends. There-
fore, for both geological and geophysi-
cal reasons, these lines can be
considered relatively stable. An 18-mm
correction is derived from the calibra-
tion data (Table 1); this correction
can be subtracted from the 1970 values
or added to the 1967 values. Statistical
analysis of the 29 line differences ex-
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clusive of the calibration lines also in-
dicates that there is a systematic rather
than a random change with a mean dif-
ference of —20 mm and a standard
error of the mean of 2 mm.

The differences between the 1967
values and the 1970 values, after the
18-mm calibration correction has been
applied, are either random observation-
al errors or are real changes in the
lengths of the line segments. Figure 2
shows an analysis of the random error
in duplicate measurements during 1967
and 1970 compared with the mean
residual differences between the 1967
and 1970 data. The essential question
is, how much of the change in line
length is due to random error and how
much, if any, is due to real displace-
ment? Random measurement errors of
80 repeated observations made in 1967
and of 45 repeated observations made
in 1970 have a normal distribution
with a standard deviation of 5.7 mm.
These values are similar to but largely
independent of the random error
shown in Fig. 2, A and B, and provide
the estimate of variance used in the
following statistical tests to evaluate
the significance of the results: (i) The
expected standard deviation of appar-
ent changes from the sum of random
errors in the 1967 and 1970 data is
5.7 X V2, or 8.1 mm. Thus, there is
a probability of only .0048 that the
+21-mm change between survey sta-
tions 3356 and 3357 is the sum of ran-
dom measurement errors. (ii) A runs
test for the number of changes in sign
in the pattern of Fig. 2C yields a prob-
ability of .024 that the pattern is
random. (iii) The systematic grouping
of the five line segments between sur-
vey stations 3354 and 3359, which all
show extension, is the strongest evi-
dence for real change. The product of
the probabilities that each of these
values would occur or be exceeded on
a random basis is less than 5 X 10—7.
Experience with the precision of survey
lines measured by Geodimeters in Cali-
fornia (2) and Hawaii (3) also indi-
cates that a 5.7-mm standard deviation
is reasonable for the random error in
measuring lines 2 km in length. We
conclude, therefore, that during the in-
terval of 1967 to 1970 the survey
profile in the eastern rift of Iceland
shows small but measurable changes.
Lines 3354 to 3359 show extension
that ranges from 7 to 21 mm (= 8.1
mm) and lines 3350 to 3354 show con-
traction that ranges from 2 to 8 mm
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(= 8.1 mm). The extensions are sig-
nificant, whereas the contractions are
less than the precision of measurement.
The systematic pattern of apparent
changes (Fig. 2C and Fig. 3) also
supports the conclusion that real dis-
placements have been observed. In
comparison, the four nearly identical
survey lines across the north end of
Lake Thingvellir (Table 1) show an
average contraction of 2 mm (%6
mm). The amount and random pattern
of the changes at Lake Thingvellir dur-
ing the interval 1967 to 1970 are clear-
ly within the expected errors of mea-
surement.

The north- and northeast-trending
rift zones in Iceland have recently beea
interpreted in two distinctly different
ways from geological evidence: (i)
Gunnar Bodvarsson and Walker (4)
and Nakamura (5) consider that the
rifts are related to crustal extension

perpendicular to the strike of the frac-
tures, whereas (ii) Trausti Einarsson
(6) considers that the en echelon pat-
tern of rift fractures is related to shear
motions that parallel the rift zones.
The measured changes in line lengths
northeast of Hekla can be interpreted
by either hypothesis: (i) extension
perpendicular to the rift could cause
the measured changes, or (ii) left-
lateral shear movements could result
in shortening of lines 3350 to 3353
and of lines 3360 to 3361 and length-
ening of lines 3353 to 3360.

Trausti Einarsson (7) interpreted
the en echelon pattern of fractures near
Hekla to be the result of right-lateral
shear, opposite to the sense indicated
by the measured changes. Because of
this discrepancy and evidence favoring
extensional rifting of the Mid-Atlantic
Ridge immediately south of Iceland
(8), we prefer the interpretation that

Table 1. Repeated measurements of slope distances between stations in 1967 and 1970,

Slope distances (m)

. . Change
Station Station
1967 1970 (mm)
Calibration lines
D2 D1 5180.505 5180.518 13
.500 S17 17
D2 D14 2956.566 2956.588 22
570 590 20
.560 580 20
Eastern rift lines
3350 3351 2486.983 2486.994 11
983 995 12
3352 3351 2288.880 2288.890 10
872 .894 22
3352 3353 2083.272 2083.289 17
278 293 15
3354 3353 3047.491 3047.497 6
489 502 13
3354 3355 3235.111 3235.136 25
) 112 141 29
3356 3355 1850.952 1850.983 31
951 981 30
3356 3357 1554.181 1554214 33
.169 214 45
3358 3357 1292.746 1292.776 30
743 763 20
3358 3359 2566.325 2566.357 32
323 357 34
3360 3359 2497.360 2497.383 23
.360 .376 16
3360 3361 1917.233 1917.248 15
233 251 17
Thingvellir lines
5002 539 4895.315 4895.322 7
322 .333 11
5002 540 4965.048 4965.062 14
.050 .068 18
5001 540 4950.483 4950.496 13
5001 539 4880.879 4880.903 24
.880 903 23
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mm (A) 1970 S.D. 57
+5p : H
S.E.
obf =T T — | 17
3350 ’ 3361
-5L
mm (B) 1967 S.D. 47
+5 [
ol 380 [ SE.
] 3361 14
~5L
mm (C). Change . 0 10 km
+10 ’ —p 50-mm displaFement
. A e 1oy
Stations /7 Lava flows 1970
3350 2 3 4 3361 Survey points ‘
I__J . 5678 9 610—1 Fig. 2 (left). Measurement errors in 1970 and 1967 compared
with the 1970 and 1967 changes in line lengths. On all graphs
-10 1 the horizontal scale is the distance between adjacent survey sta-
tions. (S.D., standard deviation; S.E., standard error of the

P 25km  e—]

mean.) (A) Precision of repeated measurements in 1970 on

the 11 line segments from survey stations 3350 to 3361. Departure of the second measurement is shown in millimeters on the verti-
cal scale compared with the average value of the two repeated measurements. (B) Precision of repeated measurements in 1967 as
above. (C) The change between the mean distances measured in 1967 versus 1970 corrected for a calibration error of —18 mm on

each 1970 distance.

Fig. 3 (right). Location of the survey stations in the eastern rift zone of south central Iceland and the

cumulative vectors of extension and contraction perpendicular to the rift zone needed to cause the measured changes in line length.
A zero point is arbitrarily held between stations 3356 and 3357.

the changes in length are related to ex-
tension perpendicular to the rift zone
(Fig. 3). The extension of the east rift
zone indicated by the lengthening of
lines 3354 to 3359 is 86 %= 24 mm.
The indicated adjacent contraction of
lines 3350 to 3354 is 20+ 17 mm.
The net apparent extension between
stations 3350 to 3361 during the in-
terval 1967 to 1970 is 65 =31 mm.

The 10-km-wide extension zone is
25 km northeast of Hekla volcano (Fig.
3), which erupted 200 X 106 m3 of
andesitic basalt during May and June
1970 (9). This extension zone is not
in direct line with the trend of the
Hekla fissure system, but about 10 km
to the east of the trend. Preliminary
analysis of earthquakes related in time
to the Hekla eruption indicates some
epicenters near the area where the mea-
sured extensions occurred. However,
there is no direct evidence that the
rifting is coincident with the Hekla
eruption or the earthquakes.

The roles of various possible driving
forces for plate tectonics remain un-
certain. “Pull” from sinking lithosphere
at converging plate margins, “drag”
from currents along the plate bottoms
or from internal body forces such as
gravity sliding, or “push” from mag-
matic injection between separating plate
margins are all possible mechanisms
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(10). At the European—-North Ameri-
can plate boundary in Iceland, separa-
tion and rifting appear to result in both
crustal extension and regional subsi-
dence (4, 11-13). The occurrence of
simultaneous extension and subsidence
does not support .a hypothesis that
magmatic injection is causing the rift-
ing. Increased pressure or volume of
forcibly injecting magma would result
in regional uplift and extension (I4),
although local collapse of a keystone-
like block along the axis of the rift
zone does occur on the active east rift
of Kilauea volcano in Hawaii. More
general collapse of rift zones can also
result from removal of magma by sur-
face eruption or subsurface migration,
but this would occur after the initial
phases of magmatic injection. More de-
tailed knowledge of the sequence of
ongoing horizontal and vertical move-
ments of the ground surface over the
Icelandic rift zones should provide
some definite conclusions on the
“push” versus “pull” or “drag” mech-
anisms.

In summary, we conclude that the
small but significant extensions that
occurred in the east rift zone of Ice-
land during the interval 1967 to 1970
support the hypothesis of plate tec-
tonics and that future measurements
of both horizontal and vertical ground-

surface deformation on a more region-
al scale across active rift zones will
provide important insight into the
driving mechanisms of the separating
plates.
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Quartz: Synthesis at Earth-Surface Conditions

Abstract. Quartz has been crystallized directly from seawater at room tem-
perature. This is the first time that identifiable quartz has been synthesized in
aqueous solution at earth-surface conditions without the aging of an original
amorphous precipitate. The concentration of dissolved silica in equilibrium with
quartz at 20°C and 1 atmosphere is 4.4 = 0.3 parts per million, a value in agree-
ment with the theoretical value obtained by a constant heat capacity fit of higher
temperature equilibrium data. This experiment confirms the results of petrologic
investigations which suggest that quartz precipitates directly from aqueous solu-
tion during chemical weathering and early diagenesis.

Quartz has been considered to be
chemically “inert” in most environ-
ments at or near the earth’s surface,
It has been assumed that, at tempera-
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Fig. 1. Scanning electron photomicrographs. (A) Ground quartz material obtained by grinding a single crystal of quartz. Note the

tures below 100°C, the formation of
quartz from supersaturated solutions or
from amorphous silica requires thou-
sands of years. The dissolution of quartz

in unsaturated solutions at most earth-
surface conditions is slow (I, 2).
However, quartz-cemented sandstones,
secondary quartz rimming of Recent
lacustrine quartz sands, and quartz
crystals found in weathering profiles
are interpretable as precipitates of
quartz from aqueous solution at earth-
surface conditions formed in a relative-
ly short time (3).

Recently, quartz has been synthe-
sized over the temperature range from
0° to 80°C by the aging of amorphous
hydroxide-silica precipitates of iron
(Fe3+) and other elements in the pres-
ence of aqueous solutions (2). Morey
et al. (4) obtained supersaturated so-
lutions of silica by the continuous
agitation of a suspension of quartz
grains in water. In one experiment the
solution reached a concentration of
80 parts per million (ppm) of dissolved
silica after 386 days of agitation, and
subsequently the concentration dropped

high angularity and poor sorting of the particles. (B) On the surface of the ground quartz material after reaction, V-shaped solu~
tion pits (a) have developed. Several authigenic quartz crystals (b) are seen in the upper portion of the photograph. (C) Authi-
genic quartz crystals converging toward the center of the photomicrograph. (D) Crystal of authigenic quartz developed on a con-
choidal breakage pattern of the ground material. (E) Authigenic quartz displaying striations parallel to (0001) on the
prism faces and the tapering of a 1010 prismatic face. (F) Authigenic quartz crystal with double terminations, about 10 uwm in
length.
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