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Fifty three new heat flow measurements together with 16 published data indicate that the heat flow
(average of best values equals 1.74 pcal/cm? s) through basins of the southern California borderland is in-
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Sediment temperatures were recorded in reference to the ab-
sofutely recorded  bottom water temperalure on a
galvanometric filin recorder modified from the type described
by Langseth [1965]. Thermal conductivity was measured in the
[zboratory at 10- or L3-cm-degth intervals along each core by
ting the needle probe technique [Von Herzen and Maxwell,
1959] and was corrected for in situ temperature and pressure
[Rateliffe, 1960]. An interval heat flow was obtained from the
gradicot and the average thermal resistivity over the same
depth interval, The average of tite interval heat flows is taken
as the heat flow at a given stution. The standard error of «
given heat flow measurement is between 10 and 14%: it is es-
timated from the standard ercor of the thermal resiativity at
that station and the maximum likely error of £8.5% for the in-
terval gradients.

Resurrs

The results of 33 new heat flow measurements are listed in
Table 1. Four measurements made on the continental shelf ofF
central California are also given. These values are plotted Lo
the nearest 0.1 geal/em? s (the heat How units will henceforth
be omitted for convenience) in Figure 2 along with the existing
data of Foster [1962], Von Herzen [1964], and R. Anderson
and L. A. Lawver (personal communication, 1973) in the
borderland and Henyey and Wasserburg [1971].and Sass et al.
[1971] in southern Calfornia.

Heat flow data in the northern borderland are unimodally
distributed (Fioure 3) with a range from 1.1 to 3.8, About 347
of the data lie within the mode of 1.6-1.8. Vislues higher than
2.8 (6%) are excluded [from the [requency and cumulative
curves which are dervied from a histogram drawn at an inter-
val of 0.2 because they are very likely the result of local pertur-
bations to be discussed later,
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In general, the interval gradicnts decrease slightly with
depth _corresponding to an increase in conductivity, As an ex-

ample, sediment temperature profiles in the San Clemente
Basin are shown'in Figure 4. For profiles in other basins the
readers <o referred to Lee [1973].

Theial conductivities of all core samples tange between
1.5 and 2.6 pcal/cm? s °C, more than 8% of the values falling
within the range of 1.7-2.0 gcal/cm’® s °C. The standard devia-
tion in cach core lics between 2 and 8%. Generally. the condue-
tivity increases 2-3% per micter from the top to the bottom of
the core, probably as a result of sediment compaction. Abrupt
variations in conductivity with depth are observed in the inner
basins, San Pedro Basin, Santa Catalina Basin, and San Dicgo
Trough, where the turbidite constituents of the sediments are
higher than those in the outer basins. Two contrasting rela-
Fig. 1. Contmeutal Borderland and adjoining physiographic tions of conductiv'it}'v versus depth are shown, for .cxa‘mplc, in

: =~ Figure 5. The variations in thermal conductivity indicate the

rovinges Meoore, 1969). Bathymetry is in fathoms (I fm =
p i Y ) S
1.828% m} need to make ample measurements of conductivity of near-
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Fig. 2. Heat flow data from northern Borderland (inciuding published data). Lines I, TT-11, and HE-HT are heat flow
profiles shown in Figures 7, 8, and 9, respectively. The reizion boxed with dashed lines in the upper figureis enfurged in the
lower figure. The offshore busins are indicated by A, Santa Catalina Basin: B, Santa Barbara Basin: D, Sun Diego Trough;
I, East Cortes Busing L, San Clemente Basing M, Animal Basin; N, San Nicolas Basin: O, Outer Basiag P, San Pedro Basing
R, Santx Cruz Basing V, Velero Basing and W, West Cortes Basin., ‘
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TABLE 1. fHeat Flow From the Southern California Borderland

Conduc-
Location Pene- — Water tibility,
—— ——  “Witer tration, Tempera- Gradient, mcal/ )
< N Lat. W Long.  Depthym m ture, °C °C/km ems°C’ q G e
San Diego Trough
: 32°2.¥ 117¢30 1190 4.2(4) 3.38 §6 + 11 (1.90) 1.63 = 0.19 1.56 2.36
12234 11723y 1145 5.3(5) 3.61 126 £ 8 - 1.90 2.30 2 0.21 2.24 3.40
32048 187+ 36 1040 4.1(5) 3.77 109 = 8 1.94 212 20.25 2.05 3.10
32°56' 7242 970 3.5(4) 4.01 171 2 16 1.90 3.24 +0.38 315 491
i 3957 7050 1050 4.0 (4) 3.98 92+ 10 1.82 1.81::0.23 175 2.65
£ San Pedro Basin
840 5.1(5) 4.79 162 + 2 L.93 3.08 =0.30 2.94 3.32
: 870 5.0(3) 5.03 89 + 15 1.92 1.72£0.18 1.65 1.76
p 824 5.0(5) s 84+2 1.92 1.66 = 0.21 1.60 1.79
5 860 3.9(4) e 75+2 1.82 1.40 = 0.14 1.37 1.83
i 82 5.0(5) 5.46 117 22 2.02 2.36 = 0.24 2.32 2.60
4 San Clemente Basin
E 1330 6.0(5) 2.85 91 +£6 (1.88) 1.71 £ 0.18 1.60 1.88
b 3 5.0(5) 3.04 172 45 (1.88) 3.23+0.35 3.08 3.08
3 ) 6.0(5) 2.61 108 -+ 4 1.83 2.00 £ 0.17 1.82 1.92
% 1830 4.7(3) 2.60 109 + & 1.86 2.06 +0.18 1.91 2.01
§ 1o 3.5(4) 2.60 98 +£0 1.91 1.87 =0.20 1.78 1.87
? 1820 5.2(5) 2.60 161 + 13 1.85 2.82+0.25 2.61 2.4
i Santa Catalina Basin
i kR 4.5(05) 4.11 1558 1.83 2.81+£0.27 2.76 3.07 }
B 33°0% 2.5(3) 4.08 102 £ 1 1.68 1.70 £ 0.16 1.68 1.87 25
i 33%0 3 5.0(5) 4.06 87+ 10 2.06 1.77 = 0.19 1.77 1.97 s .
3 330 4.0(4) 4.08 96 + 1 1.89 1.78 = 0.17 175 1.94 & =]
; 3 4.5(5) 4.02 89 + 4 1.82 1.62 = 0.16 1.60 1.78
! 5.5(5) 4.13 52 +4 2.01 1.81 £ 0.24 1.77 1.97 <
: = £.5(5) 4.01 104 411 1.84 1.93 £0.20 1.85 2.05 ;
¢ 3 s 18(4) 4.02 §7+2 1.9% 1.73 2 0.17 1.68 1.87 ) ‘
, Santa Cruz Basin
4 4.5(4) 4.36 96 42 1.82 1.76 = 0.15 1.47 1.47 1
! 4.6(5) 4.18 104 £ 3 1.87 1.95 - 0.18 1.82 1.82
1 4.6 (4) 4.20 91435 k71 1.53 =0.14 1.46 1.64
§ 4.5(5) 4.20 93 +4 1.81 1.68 £0.17 1.61 1.79 o]
] & 4.0(5) 4.19 67413 (1.82) 1.22 +0.12 1.14 1.33
i R 4.9(3) 4.19 68 £ 9 1.82 1.26 =0.11 1.17 1.37 s ‘
i 4.7(05) 4.17 885 1,83 1.58 £ 0.14 1.40 1.40
San Nicolas Basin
32234 120 5.265) 337 85+9 1.96 1.74 = 0.16 1.74 1.74
R 32048/ 1450 6.4 (5) 3.75 91 4+ 10 1.77 1.62 =0.14 1.59 1.17
32°57 1670 5.4(5) 3.76 9445 1.75 1.64 = 0.14 1.60 172
N 33°02' 1700 4.8(5) 3.6 96 + 6 1.72 1.61 +0.14 1.61 1.73
R 33706 1630 4.4 (4) 3.5 8548 1.85 1.58 = 0.14 1.55 1.67
M 33°07" 1700 4.5(5) 3.76 102+ 8 1.80 1.84 =0.17 1.75 1.88
L RREN DY 1180 5.10(L) 3.83 79+ 11 1.82 1.44 £0.13 1.41 1.41
) Tanner Basin
:: 32040/ 119°53 1110 3.2(4) 4 092 (1.82) 1.99 = 0.18 1.87 1.96
{: 32249’ 119754 1110 4.3(5) 3.91 V2S A3 (1.82) 2.27 £ 0.21 2.14 2.23
13 32054/ 119244 1370 4.0(5) 392 89 4+ 6 (1.82) 1.63 =0.15 1.57 1.65
i * 33°02' 119947 1460 3.2(4) 3.94 A b o 1.82 1.30 = 0.12 1.21 1.34
i 2 33°06' 120°01° 1190 5.0(5) 3.82 E3 46 1.82 1.51 £0.13 1.46 1.62
{ Y 33916 120704 1100 2.1(2) 3.60 8.4 ? (1.82) 1.78 = 0.16 1.64 1.71 ‘
i
3
! ) Santa Barbara Basin
I 3 34°13 120788 560 5.7(5) 6.47 637 1.63 1.12 0.1} 1.12 1.72
i 3- RESATY 120°08' 560 5.1 E3) 6.40 694 11 1.74 1.20 = 0.11 1.20 1.84 ‘
i ;
% = Lust Cortes Basin
i '»; 3213’ 118228’ 1630 5.0(3) 11246 1.81 2.05 +0.18 1.97 2.16
i = 32215 118224 1500 6.0 (5) 3.22 98 £ 5 (1.81) 1.77 +: 0.15 1.72 1.89
” Miscellaneous Location
§ U 30745 1ge 2470 4.1(4) 013 1.89 1.90 = 0.18
{ .\lf 31207 Tl At 5 2150 4.2(5) 143 & | (1.84) 2.08 +0.19
{ M 31°20 117950° 1970 3.0(2) N7 £ (1.89) 221 +0.20 ‘
| o 31037 1840’ 2330 4.2(3) 207 + 1 (184 3.83 4 0.35 .‘
i Ja )7 11921y 1740 3.1(2) 141 4.7 1.84 2.59 +0.24
|
J
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TALLE 1. (continued)

Coaduc-
Location Pene- Water tibility,
Water tration, Tempera-  Gradient, m cal/
Station N Lat. W Long. Depthym m ture, °C °C/km cms °C q q: Gis
Continental Shelf aff Central Califvrnia
Cl ) C 34020 120°51 790 4.5(5) 4.50 130 £ 11 1.89 2.46+£0.22 245 -
c2 35°00' 121°02 590 4.4 (3) 5.5 716 1.98 1.42+£0.13 1.39
C3 35°22 121°33% 970 5.5(5) 478 70 £ 6 2.26 1.58 £ 0.10 1.57 g
C4 35e400 121°49 1010 4.5(5) % B4 108 £ § 1.96 2.184+0.19 2.16 S <2

Penetration is penetration of the lowermost probe, the numbers in parentheses expressing the number of probes used in calculation. Gradient

is the average gradient with standard deviation. Conductivity is thermal conductivity: the numbers in parentheses are assumed values from
a nearby station. The value ¢ (in microcalories per centimeter square second) is the average of interval heat flows with standard error

(/(.7“ e /,-:"'. 2
Value ¢, is corrected for topography, and g, is corrected for topography and sedimentation.

i

shore sediments in areas of extreme

topog

ACTORS AritCTING HEAT FLow

FUGH THE BORDERLAND

v, conductivity and heat generation
i, sedimentation and erosion,
miperature variation, and inter-
;sidered in this section.

2. Yariations in bottom water
r:.t.c change, change in oceanic cir-
wirsr temperature fluctuation, and

311bs
2 an the borderland the seasonal
y likely negligible, since (1)
re fluctuation (range 6°C)
depth of 200 m [Emery, 1960,
adients in the water column
ian 10°C/km, and (3) the ob-
not reflect the curvature typical
of annu ature oscillations. The large
volume of nearly isothermal water below sill depths serves to
buffer annuval surface water temperature fuctuations.
i overturn penod of 2 yr estimated from oxygen

However, u:

HEAT FLOW (gcal/cm? sec)

Fig. 3. Frequency and cumulative curves of heat flow data. Values
greater than 2.8 are excluded. The solid curve repiesents observed
data; dushed curve, data corrected for topography: dotted curve,
data corrected for topography and sedimentation.

, where a is an assumed error of 8.5% in gradient and b is the calculated standurd error (in percent) of thermal resistivity.

content in the bottom water [Rittenberg et al., 1955] suggests
that the bottom water may interact with shallow water with
periods on this order or greater.

The California current over the outer borderland has been
nearly constant in position and direction during the past
12,000 yr, as suggested from the generally uniform deposition
of biogenic carbonates in Tanner Basin [Gorsline et al., 1968].
The associated countercurrent over the inner borderfand is
probably steady also. Hence a significant change in bottom
water temperature resulting from a major shift in circulation
patterns should not be expected.

Turbidity currents which scour and fill may affect neighbor-
ing gradients. The presence of scour channels has been
documented by Moore [1969] in the San Dicgo Trough, a
basin which has been overfilled with sediments. Ninc heat flow
vahues measured in the trough yield a trimodal distribution
(Table | and Figure 6). The two highest values (3.24 and 2.58)
were located in the channels, whereas the two smallest values
(1.63 and 1.81) were at channel edges. Three (2.30, 2.12, and
2.05) of the five intermediate values were measured at distance
from the known channels. This correlation of heat flow with
proximity to channel reflects the effects of microrelief (20-30
m) coupled with erosion and/or sedimentation. The remaining
two intermediate values were also located within a channel and
may reflect the [act that either the channel is no longer active
or the effects of microreliel and crosion and/or sedimentation
are balancing each other. A high heat flow near the
southeastern end of Santa Catalina Basin may also have been
aflected by an active turbidity current channel, as suggested by
the proposed routes of sediment transport in this arvea [Emery,
1960; Moore, 1969]. Apparent anomalous values at other sta-
tions on the borderlund, particularly near the base of steep es-
carpments, may also be attributable in some cases to turbidity
currents. Because the occurrences and effects of these proces-
ses are poorly known, they can only be considered to have con-
tributed to the intrinsic scatter of the data.

Climatic change on the borderland during the 37,000 yr has
been studied by Gorsline and Barnes [1972]. using *0/'0
ratios in benthonic and planktonic foraminifera. Calculations
based on the resultant paleotemperatures suggest that the
measured geothermal gradient has been reduced by 2.6°C/km
for 0.003 cm?*/s (appendix), or about a 2-3% reduction in the
undisturbed heat flow. This effect, which may vary from basin
to basin, is probably smaller than the experimental error of the
heat flow measurements.

Four heat low measurements were made in relatively shal-
low waters on the continental shelf off central California where
a basin and range structure is not present. They were focated
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sediment-bedrock contact may differ by as much as the cor-
responding conductivity ratio [Lee, 1973]. Because most sta-
tions were located at a large distance from bedrock outerops,
relraction ciicets are negligible, However, for the few stations
located on basin slopes or in saddle regions where the sedi-
ments are thin, the refraction effects may be significant. As-

suming a two-dimensional model, Lee [1973] used the finite

clerment method to show that the net effect of conductivity con-
trast, relicl, and spatial bottom water temperature variation
expected for the borderland has probably reduced basin fluxes
by an average of 5%.

Sedimentation.  Thermal disturbances resulting from con-
stant sedimentation rates and instantaneous slumping have
been discussed by Von Herzen and Uyeda [1963], using a one-
dimensional model. The transient geotherimal gradient is
always smaller than the steady state gradient, and measured
heat flows are biased toward lower values, In general, sedimen-
tation rates in the Continental Borderland increase
northwestward wnd toward the continent. Locally, the rates
change not only from basin to basin but also from pomnt to

Jata distribution and turbidity current channels in San Diego Trough. Open square
s data from Von Herzen [1964). Shaded arcas are channels [Moore, 1969].

point within a given basin. Temporal variations in rate are also
expected in view of the unpredictable occurrence of turbidite
deposits in the sedimentary column, as evidenced by the non-
linearity between age and depth of the sediments [Emery and
Bray, 1962; Inman and Goldberg, 1963]. Furthermore, since the
basins are belicved to have formed progressively inlund from
Miocene to early Pleistocene [Emery, 1960]. the depositional
environment was probably drastically altered each time 4 new
basin was formed. This leads to an uncertainty in the ac-
cumulation time and the extrapolation of sedimentation rates
determined from piston cores.

Because sedimentation rates were not determined for the
cores taken in this study, we have extrapolated the published
data [Emery and Bray, 1962; Gorsline et al., 1968]. The ex-
trapolated rate was generally consistent with the rate estimated
from the isopach map of Moare [1969] for the postorogenic
sediments, a total accumulation time of 10° yr being assumed.
A total accumulation time of 10° yris also consistent with the
average annual contribution of.sediment from the southern
California watershed [Moore, 1969]. Thus we have assumed
this accumulation time for our calculations.

Based on equation (38) of Jaeger [1963]. the sedimentation
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mean value). This age is compatible with the age of the adja-
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~suming a constant thermal diffusivity, 0.003 cm?/s.
of topographic and sedimentation corrections are

1 Table 1 (column gs).
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Sasveral, 1971]. Average heat flows in the Peninsular Ranges
e not well c)tab‘,z:.nzd. Ciearly, it would be more definitive to
‘reduced heat fows' [Roy et al., 1972] between these
ces: however, data on radioactivity on the borderland
ficking, Considering the likely crustal structure [Shor and
i, 1938] and the lithology [Emery, 1960, Krause, 1965;
v, 1973]), the reduced heat flow is probably above average
imilar to that of the Basin and Range province (i.c., 1.4
| HFU = pcal em™? s71),
pogruphic corrections reduce the average value on the
“oideriand from 1.86 1o 1,78, but the combined corrections for
raphy and sedimentation increase the average to 2.05 for
-of sedimentation rates as discussed earlier.

-« e rres et
Conparison  wiii

. thut [hii hes

HE' where

s t'u'
three values are prestmably biased by the sampling dis-
I the *best’ value from
wh-busin is taken, the average is 174 for the measured
vediies 167 for the topographically corrected data, and 1.99
i data corrected for both topography and sedimentation.
Lest average falls within its modal values (Figure 3).

mpirical relution between heat flow and age of the

Hon as ‘»'-.ul as disturbing effects,

T
L

) ol ] . . -
-}*»‘-w: Oceun Hloor [Sclater and Francheteau, 1970} yields a 20-

cent deep sea floor (15-25 m.y.) as inferred from magnetic
anomaly patterns [4nwater, 1970]. Sclater and Francheteau
[1970] also proposed a similar empirical relationship between
continental heat flow and age of the last thermal event for
North America, but having almost one order of magnitude
greater time decrement. According to the continental
relationship tlv: borderland mean is also consistent with the
termination of the Mesozoic batholithic emplacement in
California. Although the crust beneath the borderland is ap-
parcntly continental in nature [Shor and Raitt, 1958], this
region’s proximity to the Pacific oceanic lithosphere cannot
rule out, and may in fact require, occanic thermal control.
Thus although the mean borderland heat flow does not permit
resolution of the age of the last tectonic or resultant thermal
event, it is consistent with the regional tectonic pattern.
The uncorrected heat flow trend in a direction parallel to the
strike of the regional structure (Figure 7, profile 1-1") generally
confirms Von Herzen's [1964] conciusion drawn from a few
sparsely spaced data points that heat flows decrease
systematically northward in the borderland. Superimposed
upon ‘this trend is a maximum over the divide between the
Santa Cruz and San Nicolas basins (Figures 2 and 7). The
trend appears to correlate with increasing sedimentation rates
to the north; the maximum occurs wheve theemal blanketing
due to sediments is probably a minimum. As a result of the ap-
parent correlation of heat flow with sedimentation, we have
afs0 plotted a heat flow profile along the same trend corv:-.ied
L zraphy and sedimentation (Figure 7, dotted curve). As
expected, these two curves converge to the southeast but
diverge to the northwest. Differential sedimenitation rates have
significantly altered the characteristics of the heat flow trend
from the Santa Cruz Basin across the Channel Islands to the
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Fig. 7. Heat flov. = vile I-I” along the strike of regional structure.

See Figure 2 for lmn.']. . Solid curve shows trend of observed data
projected within 30 km of the profile (solid and open circles); dotted
curve shows trend ol corrected average data (open triangles). Open cir-
cles are from Von Herzen [1204].
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Santa Barbara Basin. The heat flow low is shifted from the
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[1964]. Heat Hows through the Peninsular Range province on

Santa Barbara Basin to the Santa Cruz Basin in the ‘corrected
—profiteand thus coincides with the structural-transition from—
the narthwesterly oriented Peninsular Range structure to the
cast-striking Transverse Range structure, or presumably with
the basement transition from Franciscan to plutonic rocks,
Extending this profile further north or south cannot be done
with confidence at present because of insuflicient data. On the
basis of a few mcasurements made by Fon Herzen [1964] in the
southern borderland, the linear heat flow trend between East
Cortes and Auimal basins does not continue to increase
linearly to the southeast; however, the heat flows appear on the
average 10 be higher in the southern than in the northern
bordertind. Thus to the first ordei the regional heat flows in-
theastward. Superimposed upon this regional trend
snts with an apparent wavelength on the order of
wurements made on the continental shelf off
«ogst that heat Hows may increase
Transverse Ranges, although the
cannot be cvaluated with corni-
about disturbing environmental
t flows herc would be consistent
ke Coast Ranges [Sass et al., 19711,
2cross the borderland, heat flows
except for & possible maximum
: Patton Ridge system (Figures |
.5 definite than the north-south
zline, heat flows do not appear
Henyey and Wasserburg, 1971
nrermost basins, San Pedro Basin
- to form a high heat flow zon:.
to show the magnitude and
he average value of the cor-

Figure 8.
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m south of II-II', a similar
along profile HI-U1" (Figure 9)
¢ with profile I-1I' of Von Herzen

Piis
locat
heat
which is ap

384 o
o .
wE . L ¥y
e 2% ¢
< © \
3
b2 \&r —A———A
o
1ol
V/"_
B
G 0
£ L e
3= o km
-
(& L <
w : 5 o
(2]
& @ 3 i 2
o b3 o
> [ o w
4000 2 = = S =
- = = 2 »
55 < 3 o ol
o = © v «
Fig. 8. Heat flow profile II-II" across the strike of regional struc-

ture. Sce Figure 7 for caption. Solid triangles are from Henyey and
Wasserburg [1971] and Sass et al. [1971).

a landward extenston of profile HH-IIT" are low to normal [Roy
etal 1973} and hence itis fikely that the San Diego Troughis
an area of relatively high heat flow as stated earlier.

Heat flows in Santa Catalina, San Nicolas, and Santa Bar-
bara basins are generally uniform throughout the individual
basins. The averages of uncorrected values are 1.75, 1.67, and
1.17 with standard deviations of 0.10 (9 values), 0.09 (6
values), and 0.05 (3 values), respccti\.’cld\l. However, variations
of up to a factor of 2 are found in the inner basins, San Pedro
Basin, San Clemente Basin, and San Diego Trough. The varia-
tions can be attributed largely to effects of topography and
sedimentation. Thus the corrected heat flows appear uniform
except for Santa Cruz Basin, where the measured values are
scattered and the corrected values show a linear heat flow
trend from 1.8 at the south to 1.4 at the north over a distance
of 60 km (Figure 7).

The landward increasing heat flow in the borderland may in-
dicate that radioactivity in the crustal rocks increases toward
the continent. An increase in radioactivity can result from
either a change in lithology or a thickening of the crust overly-
ing a uniform upper mantle. The increase of heat flow toward
the southeast appears less likely to be related to a variation in
radioactivity, considering the distribution of rock types
deseribed by Emery [1960], Krause [1965]). Doyle [1973]. and
other workers,

Another explanation for a landward increase in heat flow
follows a suggestion by Lachenbruch and Sass [1973] that heat
flow anomalies in the California Coast Ranges may result
from conversion of mechanical energy to heat along the broad
shear boundary between the North American and Pacific
plates. For borderland latitudes this boundary is probably
represented by the following faults from west to east (Figure
10y San Clemente, Newport-Inglewood, Whittier-Elsinore,
San Jacinto, and San Andreas. Only the San Clemente fault
lies offshore, which, coupled with the fact that long-term strain
rates probably increase castward (reaching a maximum at the
San Andreas fault), would imply a landward increase in heat
flow. It is important to note, however, that Henyey and Was-
serberg [1971] did not find evidence for a significant amount of
mechanical to thermal encrgy conversion along the San
Andreas fault in northern California. One explanation for this
apparent paradox might be that thermomechanical energy
conversion is an efficient process only in the lower portion of
the lithosphere (depth greater than 20 km) where nonelastic
slip (creep) occurs, Thus o broad anomaly would result and
would be recognizable only by regional heat flow studics.

Alternatively, the borderland heat flow pattern may be in-
terpreted as representing a transient thermal condition. Since
regional heat fiow has been shown to decrease with the age of
the most recent regional tectonic activity or thermal event
|Sclater and Francheteau, 1970], the landward increasing heat
flow may reflect the progressive landward development of
oflshore basins [Emery, 1960; Yeats, 1968, Yeats et al., 1974],
while the southeastward increasing heat flow suggests that for-
mation of the continental borderland proceeded from
northwest to southeast. This suggestion is in agreement with
the Cenozoic plate tectonic model proposed by A nwater [1970]
for western North America, if we assume that the border-
land resuf »d from the subduction of a segment of the Last
Pacific Rise (T. C. Lee, manuscript in preparation, 1975). If
subduction proceeded southeastward and the ridge-trench-
transform triple junction was equivalent to a southeastward
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at ¢(1) for time + > 7o The temperature V¥ is governed hy

gradient is therefore

-,_J o s et

i
i
i
!
A
1
i
i

A SN e

_— ——()V————(JV —_———————
————— o i

ot 02 M

V:G+gz fgro (2)

and

Vo= () z=0 3

where « is the thermal diffusivity of the medium. The solution
V' can be obtained from a combination of w and w, i.c.,

e

V=u+w (4
ir
u _
art
v= 0 T )
HEES z =0
and
g ‘eg T (6)
z =0

2ty the same as those given by
43, 61),

o —22f4a(T—-To—N)
i ez

Gii} (7 — T, — ,\,}3/2 d\ (/)

i w are

i ! [-7—7, ) C—I)/n.('r To—X)
T = g ST e e L
oz~ 2y ), NG Iy d
22 AT—T e—~z’/4u(7'~'l'q*)\)
T i ), 109) I A SN axn - (9)
dw G R Pl
= g T T v naldg e ' 10
PR I ra(7 — 7)]7¢ (10)

Now approximate the paleotemperature ¢(f) by m linear
segments, i.¢

Gi(r) = a; + byt — 1)) - = (11)
where
iy = a; + bt — 1y) j=1,2, s (12)
t, = Ty
and
twer = T

Near the surface the perturbation from the undisturbed

(g'z> .___ o = —’]—— —F——
0z /,-0 5 ra(T — T1'* " 2Ga)'”

. /'M" O G
(F = By = ap banlT = Tl

1 f T a4 b — DI
2(7"‘1)1/“ iu-{ ti—To (T — Ty = \.

e e 5

G B 1 " [ + b (T )
172 T 172 17
ra(7 — Tl " ra)” & (T = A)

A b (1 — A)”’]-’ (13)

ti

With regard to the present bottom waiter temperature, the
first term in (13) represents the effect of 2 sudden temperature
change at t = 7,. This effect is enhanced or subdued by subse-
quent bottom water temperature variations a, + b,(t — ;). The
apparent singularity arising from the factor (77 — 1)"%2 at 1 =
L, = T in fact does not exist since G, + b7 — 1) = 0.
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