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Figure 8.1. Age of Earth as estimated by various technigues since the Renaissance. Buffan tried

to use rate of coaling of iran from a
as-yet undiscovered radioactive

molten state to estimate the age of Earth, but the omission of
heating of Earth's interior (chapters S and 1 1) seriously shortened

his cooling time. Joly worked out how long it would take to bring the oceans up ta their current
salinity based on the rate at which rivers carry salt to the sea; he ignored the precipitation of salt
out of the ocean water into seafloor sediments. From Press and Siever (1978) by permission of

W.H. Freeman and Company.
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TABLE 8.1 Major Dissolved Components of Seawater for a
Salinity of 35%o
Concentration Percent

lTon g/kg mM? Free lon
Cl- 19.354 558 100
Na* 10.77 479 98
Mgt* 1.290 54.3 89
SO~ 2712 28.9 39
Ca** 0.412 10.5 99
K* 0.399 10.4 98
HCO;" 0.12 2.0 80

amM = millimoles per liter at 25°C.
bFor pH = 8.1, P = | atm, T = 25°C.
Sources: Wilson 1975; Skirrow 1975; Millero and Schreiber 1982.
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River

I. Amazon

2. Zaire (Congo)
3. Orinoco

4, Yangtze (Chiang)
5. Brahmaputra
6. Mississippi

7. Yenisei

8. Lena

9. Mekong
10. Ganges
11. St. Lawrence
12. Parana

13. Irrawaddy

15. Mackenzie

17. Columbia

20. Indus
Red (Hungho)
Huanghe (Yellow)

Mean_ 0{7974\;7

m/es B

Liter

Location

S. America
Africa

S. America
Asia (China)
Asia

N. America
Asia (Russia)
Asia (Russia)
Asia (Vietnam)
Asia

N. America
S. America
Asia (Burma)
N. America
N. America

Asia (India)
Asia (Vietnam)
Asia (China)

4y (6371 ko) (0.7 (4 kne )
o7 iters

Water

(km?/yr)

6300
1250
1100
900
603
580
560
525
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450
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306
251
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SEDIMENT LOADING

SHELF SLOPE
D INITIATION OF DOMES

FLO
BASE SALT
Figure 13. Diagrammatic representation of the initiation of salt dome
growth on the continental slope as a result of sediment loading on the
shelf-upper slope (from Humphris, 1978, 1979).
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TABLE 4.7 Origin of Major Components of Groundwater (Major
Processes Only)

Component Origin

Nat NaCl dissolution (some pollutive)?®
Plagioclase weathering
Rainwater addition

K* Biotite weathering
K-feldspar weathering
Biomass decreases
Dissolution of trapped aerosols

Mg*t Amphibole and pyroxene weathering
Biotite(and chlorite) weathering
Dolomite weathering
Olivine weathering
Rainwater addition

Ca** Calcite weathering
Plagioclase weathering
Dolomite weathering
Dissolution of trapped aerosols
Biomass decreases

HCO,” Calcite and dolomite weathering
Silicate weathering

SO, Pyrite weathering (some pollutive)*
CaSO, dissolution
Rainwater addition

25 NaCl dissolution (some pollutive)?
Rainwater addition
H,SiO, Silicate weathering

Note: Order presented is approximate order of decreasing importance.

TABLE 8.13 The Oceanic Chloride Budget (Rates in Tg CI7/yr)

Present-Day Budget

Inputs Outputs
Rivers (natural) 215 Net sea—air transfer 40
Rivers (pollution) 93 Pore-water burial 25
Total 308 Total 65

Long-Term (Balanced) Budget

Inputs Outputs
Rivers 215 NaCl evaporative deposition 163
Net sea-air transfer 40
Pore-waler burial 12

Total

Note: Tg = 10'2 g, Replacement time for Cl~ is 87 million years.
g g

Long-term
average

Cl Concentration ——»

<

Time —

Fig.ure. 8.12, Schematic representation of change of chloride (Cl-) concentration in seawater with geo-
logic time. Sudden drops are due to the rapid precipitation of NaCl in evaporite basins.



TABLE 8.14 The Oceanic Sodium Budget (Rates in Tg Na*/yr)

Present-Day Budget

Inputs Outputs
Rivers (natural) 193 Cation exchange 42
Rivers (pollution) 76 Net sea-air transfer 21
- Pore-water burial 16
Total 269 Total 79
Long-Term Budget
Inputs Outputs
Rivers 193 NaCl deposition IE
Net sea-air transfer 21
Cation exchange 21
Pore-water burial 8
Basalt-seawater reaction 37
Total 193
Note: Tg = 102 g. Replacement time for Na* is 55 million years.
TABLE 8.16 The Oceanic Magnesium Budget (Rates in Tg Mg**/yr)
(Balanced) Budget for Past 100 Million Years
Inputs Qutputs
Rivers 137 Volcanic—seawater reaction 119
In biogenic CaCQ, 15
Net sea-air transfer 3
Total 137
Note: Tg = 10'2 g. Replacement time for Mg** is 13 million years.
TABLE 8.18 The Oceanic Calcium Budget (Rates in Tg Ca**/yr)
7 Present-Day Budget
Inputs Qutputs
Rivers 550 CaCO, deposition:
Volcanic—seawater reaction 191 Shallow water 520
Cation exchance 37 Deep sea 440
Total 778 Total 960

Budget for Past 25 Million Years

Inputs Qutputs
Rivers 550 CaCO, deposition:
Volcanic-seawater reaction 191 Shallow water 240
Cation exchance 19 Deep sea 440
Evaporitic CaSO, deposition 49
729

Total 760 Total

Note: Tg = 10'2 g, Replacement time (rivers only) for Ca** is I million years.
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Figure 8.13. Distribution of CaCQ, in deep-sea sediments of the Atlantic Qcean. Note that the highest concentrations are located at the
shallowest depths atop the Mid-Atlantic Ridge. (After P. E. Biscaye, V. Kolla, and K. K. Turekian, “Distribution of Calcium Carbonate in
Surface Sediments of the Altantic Ocean.” Jowrnal of Geophysical Research 81: 2596. Copyright @ 1976 by the American Geophysical Union,
reprinted by permission of the publisher.)
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Figure 8.1. Generalized schematic cross section of the oceans showing major physiographic features. A( [W %)‘

Note large differences in vertical and horizontal scales.




