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Red Sea Hot Brine Area: Revisited 

Abstract. A return expedition to the hot brine area of the Red Sea in 1971 
found that the temperature of the brine had increased, indicating that the process 
that formed the underlying deposits rich in heavy metals is still occurring. About 
0.346 cubic kilometers of water having a minimum temperature of 104?C has 
been added over the last 52 months. Calculations suggest that this water may have 
come from a relatively shallow depth; this. result coupled with the fact that frac- 
ture zones are found north and south of the brine area indicates a relatively local 
source for the brine, rather than the Strait of Bab el Mandeb, as previously 
suggested. 

In March 1971 we returned on the 
R.V. Chain to the hot brine area of 
the Red Sea for a continuation of our 
previous studies (1). This area is unique 
in that hot, saline water (up to 56.5?C 
and 257 per mil salinity) was found 
in three deeps in the central rift portion 
of the sea. The deeps, Discovery, Atlan- 
tis II, and Chain, were named after the 

ships from which the initial discoveries 
were made (2, 3). The sediments under- 

lying the hot brine are unusually en- 
riched in heavy metals, such as copper, 
zinc, lead, and silver; the in situ value 
of the sediments underlying the Atlantis 
II Deep has been estimated at over $2 
billion (4). 

Continuous measurements of temper- 
ature and depth made in 1966 showed 
two distinct high-temperature water lay- 
ers in the Atlantis II and Discovery 
deeps (5). In the Atlantis II Deep the 

upper layer had a temperature of 
44.3?C and the lower 56.5?C. In 1965 
the temperature of the lower layer was 
55.9?C (3, 6); thus, there was reason 
to suspect that the temperature might 
be slowly increasing (specifically, an 
increase of 0.58?C in 20 months or 
0.029?C per month). This increase in 

temperature is related to the origin of 
the brines. Although there is still some 
debate, it is generally thought that the 
brines are due to geothermally heated 
Red Sea water (7) being discharged into 
the Atlantis II Deep. Past overflows have 

spilled into the Discovery and Chain 

deeps. In 1971 the temperature of the 
lower layer in the Atlantis II Deep had 
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increased from 56.5? to 59.2?C [2.7?C 
in 52 months, or 0.052?C per month, 
about a 1.8-fold increase in rate (8)]. 
An increase of about 0.08?C was ob- 
served over a 20-day period in March 
1971, which suggests that an even high- 
er rate of increase (0.12?C per month) 
may be typical of present conditions (9). 

The general shape of the curves ob- 
tained by plotting temperature against 
depth for measurements made during 
1966 and 1971 has also changed (Fig. 
1). In this period (i) the level of the 
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lower, hotter water rose 7 m; (ii) the 

separation between the upper and lower 
water masses decreased from 5 to 2 m; 
(iii) the temperature of the upper water 
unit increased from 44.3?C to about 
49.7?C and is even higher near the 
bottom of the unit; and (iv) the tem- 

perature structure in the zone between 
the upper layer and the overlying nor- 
mal Red Sea water (about 22?C) is 

presently more irregular. The first three 

points indicate a large and perhaps 
continuous input of hot, saline water. 
The salinity of the upper water increased 

slightly (10), whereas no salinity in- 
crease was noted in the lower (59.2?C) 
water. A simple calculation shows that 
the minimum input temperature of the 
brine is about 104?C (11). The in- 
crease of 7 m in the lower water level 
is equivalent to an input of about 0.346 
km3 of water or a 23 percent increase 
in the volume of the lower water unit. 
An input of 0.346 km3 over 52 months 
is equivalent to about 2.6 m3/sec or 
about 700 gallon/sec. For comparison, 
Old Faithful Geyser in Yellowstone Na- 
tional Park discharges about 10,000 to 

12,000 gallons of water every 66 min- 

utes, or about 1/200 of the Red Sea 
flow. 

The presence of two well-mixed water 

layers separated by a sharp interface 
is characteristic of liquids stabilized by 
salt but made unstable by heating from 
below (12). The increase in heat in the 
water at 49.7?C has occurred mainly 
by diffusion from the water at 59.2?C; 

Fig. 1. The 1966 1980 and 1971 tempera- 
ture measurements 

- 1990 made in the Atlantis 
II Deep. Both sets 
of measurements 

- 2000 were continuous 
readings of tempera- 
ture by means of a 

- 2010 
' 

temperature telem- 
etering acoustic de- 
vice (5). The exact 

-2020 Q values of tempera- 
ture were confirmed 
by conventional hy- 

2030 drographic tech- 
niques. The small 

.- 2040 temperature varia- 
tions in the water at 
59?C are probably 

- _2050 instrumental in ori- 
gin; temperatures 
measured by high- 

0 . -2060 precision reversing 
thermometers indi- 
cated a more uni- 
form temperature 
structure. 
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convection within each layer -tends to 
remove the smoothing effects of diffu- 
sion at their contact. The increased 
irregularity in the water temperature 
between the upper layer and the normal 
Red Sea water may be indicative of 
internal wave activity. 

From what depth below the surface 
are the brines originating? From the 
normal geothermal gradient of the deep 
sea (0.06?C per meter for a heat flow 
of 1.5 utcal/cm2 sec) or a temperature 
gradient more typical of the Red Sea 
rift valley [0.16?C per meter for a heat 
flow of 4 /cal/cm2 sec (13)], the calcu- 
lated input temperature of the brines 
(104?C), and the water temperature at 
the bottom of the ,Red Sea (22?C), the 
depth at which the hot water originated 
can be estimated. The depths calculated 
with the two temperature gradients are 
about 1300 and 500 m, respectively; the 
lower value, based on the temperature 
gradients of Red Sea sediment, is the 
more probable. A calculation of this 
type is, of course, subject to numerous' 
assumptions. For example, the geother- 
mal gradient within basalts, for a similar 
heat flow, would be lower-perhaps 
only a third as high-because of the 
higher conductivity of the basalt. Thus, 
if the flow is in basalt, water at 104?C 
would be expected (from the conductive 
gradient) at a depth closer to 1500 m. 
In addition, in a convective system the 
above temperature could occur at shal- 
lower or deeper depths, depending on the 
characteristics of the system. The pos- 
sibility that the brines originate at a rela- 
tively shallow depth presents some diffi- 
culties for the hypothesis that the source 
of the brine is at the Strait of Bab el 
Mandeb, 1000 km south of the brine 
area. The strait, at a depth of about 
120 m, is the sill for the Red Sea. Be- 
tween Bab el Mandeb and the brine 
area are numerous fracture zones (14); 
some of them cross and offset the cen- 
tral rift valley; others may extend across 
almost the entire Red Sea. The exact 
depth to which these fracture zones 
extend is unknown, but it is reasonable 
to assume that they extend at least 
throughout layer 2, which is gen- 
erally at least 4 km below the surface 
in the Red Sea (15). If the brine origi- 
nated at the Strait of Bab el Mandeb, 
it would indeed involve a complicated 
plumbing system for it to bypass or 
transit the numerous fracture zones be- 
tween the strait and the known brine 
area. If the brines do travel at depths 
below the fracture zones, then consider- 
able heat must be lost prior to discharge 
in the brine area. 
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The hypothesis that the Bab el Man- 
deb area is the source for the brine is 
largely based on the work of Craig (7), 
who noted that the present salinity at 
the strait (38.2 per mil) corresponds 
to the original salinity of the brine, as 
indicated by oxygen and deuterium iso- 
tope studies. Degens and Ross (16) 
have noted a cyclicity of increased ac- 
tivity in the brine area-twice, within 
the last 25,000 years the Atlantis II 
Deep has overflowed. These overflows 
took place about 5000 years after a 
period of high salinity was abruptly fol- 
lowed by a rapid decrease in salinity in 
the entire Red Sea. The decreased sa- 
lanities were caused by a rising sea level 
(due mainly to melting of Pleistocene 
glaciers and possibly to some local tec- 
tonic movements), which reestablished 
the normal water exchange between the 
Indian Ocean and the Red Sea. Before 
this reestablishment of circulation the 
Red Sea level had dropped because of 
evaporation to a fraction of its former 
size (16), and the above suggested source 
of the brine or any other possible source 
on the shelf or slope would have been 
well above sea level. With rising sea 
level a source area would have been 
submerged and the flow of the brine 
could again start. However, incoming 
Indian Ocean water (salinity of about 
36.5 per mil) mixed with small amounts 
of more saline Red Sea water would 
dominate in 'the shallow areas of the Red 
Sea. It is almost impossible to determine 
what the salinities of any specific area 
were 5000 years ago. Likewise, the 
present salinity of any specific area 
probably bears little relationship to its 
salinity at the time when the connection 
between the Indian Ocean and the Red 
Sea was first reestablished. Thus, almost 
any shallow area could have had a sa- 
linity of 38.2 per mil at that time. Be- 
cause flow into the brine area is pro- 
ceeding at present, the calculated salini- 
ty value of 38.2 per mil just represents 
an average input into the brine area 
over the last several thousand years. 

It seems more reasonable to me to 
assume a more local source, perhaps 
along the shallow areas of the Saudi 
Arabian or Sudanese coasts, especially 
since a survey made on the 1971 cruise 
showed distinct bathymetric and mag- 
netic patterns indicating displacements 
of the central rift valley in the hot 
brine area (17). These displacements, 
probably fracture zones, structurally iso- 
late the brine area and may explain 
why the present brine area is found in 
such a relatively small region of the sea 
floor. The relationship of the hot brine 

deposits to recent sea-floor spreading in 
the Red Sea is 'compelling. 

Sediment deposits enriched in iron 
and copper were also found on the 
eastern flank of the rift valley, buried 
below several meters of normal cal- 
careous sediments. These deposits in- 
dicate ancient brine activity. 

The main implications of the above 
studies are that the deposition of these 
potential ore deposits is a dynamic 
process- that is still occurring and that 
similar, older deposits may be found. 
Indeed, cores from holes drilled along 
the Atlantic continental margin of the 
United States (18) contain deposits sim- 
ilar to those of the Red Sea. 

DAVIDm A. Ross 
Woods Hole Oceanographic Institution, 
Woods Hole, Massachusetts 02543 
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ing eruption. 

During July 1971, we made an elec- 
tromagnetic survey of the summit area 
of Kilauea Volcano, Hawaii, to study 
the internal structure of the volcano. 

ing eruption. 

During July 1971, we made an elec- 
tromagnetic survey of the summit area 
of Kilauea Volcano, Hawaii, to study 
the internal structure of the volcano. 

Fig. 1. Map of the summit of Kilauea 
Volcano showing the location of the erup- 
tion of 14 August 1971 and several sites 
at which electromagnetic field records 
were made. Other recording sites lie off 
the map, and site 133 was the only loca- 
tion at which the unusual magnetic noise 
was recorded. Caldera faults are as indi- 
cated by Peterson (1). 
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In so doing, we generated an electro- 
magnetic field by passing current steps 
through a long Igrounded wire located 
several kilometers northwest of Kilauea 
Caldera. We detected the electromag- 
netic field by recording the voltage out- 
put from a coil of wire lying on the 
ground. From these measurements, the 
electrical conductivity distribution of 
the rocks within the caldera and to the 
south and west was mapped. Typically, 
the coil of wire consisted of 26 turns, 
-with a perimeter of 305 m. On the 
afternoon of 22 July, we attempted to 
record the electromagnetic field at a site 
on the north lip of Keanakakoi Crater, 
a crater which is located only a few 
hundred meters from the southern rim 
of Kilauea Caldera (Fig. 1). However, 
we found that the coil produced rela- 
tively large background noise voltages, 
amounting to several tens of microvolts 
at frequencies less than 0.1 hz (Fig. 
2A). The noise level was higher by at 
least an order of magnitude than that 
which had been observed at any of the 
preceding 32 recording sites (see Fig. 
2B for an example), and the attempt to 
obtain a record was abandoned. At that 
time, we felt that the high noise level 
was caused by a faulty recording sys- 
tem. 

On the next day, however, the survey 
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On the next day, however, the survey 

was resumed with observations being 
made successfully at several additional 
recording sites before we returned to 
the Keanakakoi site. Again, we recorded 
a high level of noise characterized by 
a long period. It was then evident that 
this noise was characteristic of the site 
and not an instrument fault. However, 
no further effort was made to explain 
the phenomenon. 

Twenty-three days later, on 14 Au- 
gust Kilauea Volcano erupted close to 
the Keanakakoi recording site (1). Lava 
fountained from a series of fissures 
along a 60?N-70?E trend extending 
from near the southeastern edge of 
Halemaumau Crater toward Keanakakoi 
Crater (Fig. 1). The Keanakakoi re- 
cording site (site 133) lies about 150 m 
from the closest fissure. The next closest 
recording site (site 143) lies almost 1.5 
km south of the fissures. It is difficult 
to escape the impression that the un- 
usually high noise level at recording site 
133 was in some way associated with 
the impending eruption. 

As with any fortuitous observation 
of this sort, the association cannot be 
very convincing unless some reasonable 
explanation can be put forward. One 
explanation would be that slow move- 
ment of magma into the incipient fissure 
zone would generate magnetic noise be- 
cause the magma would behave as con- 
ductive material moving in the earth's 
magnetic field. In fact, a relatively high 
level of seismic activity had been ob- 
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Fig. 2. Sections of records of the voltage 
produced from a vertical-axis induction 
loop with an effective area of 151,000 m2. 
(A) At recording site 133, on the edge of 
Keanakakoi Crater. The record was ob- 
tained at approximately 1530 hours H.S.T., 
22 July 1971, and exhibits an unusually 
high noise level. (B) At recording site 
115, on 16 July 1971. This record shows 
typical background noise levels. The 
spikes with alternating polarity are the 
transient electromagnetic signals trans- 
mitted from the grounded-wire source and 
are not related to the phenomenon being 
discussed here. 
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Magnetic Noise Preceding the August 1971 
Summit Eruption of Kilauea Volcano 

Abstract. During the course of an electromagnetic survey about Kilauea Vol- 
cano in Hawaii, an unusual amount of low-frequency noise was observed at one 
recording location. Several weeks later an eruption occurred very close to this 
site. The high noise level appeared to be associated in some way with the impend- 
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