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IV. HYDRODYNN4IC CONSIDERATIONS

C'
IV-A. Introduction

Hydrodynamic models of the cooling of new oceanic crust through convective

interaction with seawater, in conjunction with certain of the observations

summarized in the previous sections, give insight into the ore deposits

potential of the seafloor spreading process for the formation of massive

sulfide ore deposits, factors that favor large massive sulfide deposits, and

features that may have exploration significance. In this section we will show

that heat flow data from one ridge spreading at -6 cmVyr precludes the

presence of shallow magma chambers further than a few kilometers from the

ridge axis. If this is generally true, it means that the crustal portion of

an oceanic plate (perhaps down to the moho) cools very rapidly right at the

ridge axis. The heat from such cooling would be sufficient to continuously

sustain black smoker activity at the ridge axis and vent enough sulfide smoke

to cover each square centimeter of newly created oceanic plate with - 277 g of

Cu- and Zn rich pyrite deposits, if all the constituents of smoke

precipitated. From the observed accumulation of sulfide material at ridges we

estimate the efficiency of sulfide precipitation and its variation with time.

The efficiency of sulfide precipitation in land-based massive sulfide camps is

similar to the estimates obtained for the efficiency of sulfide deposition on

the seafloor during their most active stages of hydrothermal venting and

surface sulfide deposition.

The hydrothermal system envisioned is compatible with permeability

measurements made to date on the ocean crust, geochemical estimates of the

time required to form the ocean ridge massive sulfide deposit at 2l·N, and the

( residence time of seawater in the hydrothermal convection system at 21-N.
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Larger deposits will be produced if sulfide deposition is less spatially

uniform at a ridge, if heat sources travel with the plate as it spreads, or if

the efficiency of sulfide precipitation is greater. The efficiency of

deposition appears to increase with the duration of hydrothermal venting at

anyone site.

Areas of the oceanic plate are identified where larger massive sulfide

lenses are most likely to be found. The principles developed are general and

could also be applied to deposition in inland areas or continents (see

Cathles, submitted), although we have not done this in this report.

IV-B. General Heat Balance Constraints

It has been appreciated for some time that the heat flow within several

hundreds of kilometers of ocean ridges falls far short of the heat flow

expected of the basis of conductive cooling model s of the oceanic plate

O~olery and Sleep, 1976; Sleep and Wolery, 1978). Two views have been

expressed as to how thi s extra heat is carried out of the plate by

hydrothermal convection of seawater. In the first view, the heat is

di ssi pated rather graduall y over an area extendi ng hundreds of ki 1ometers on

either side of the ridge, although more heat is carried out near the ridge

axis than further away (Sleep and Wo1ery, 1978), and discharge must be

concentrated in fractures if the constraints imposed by heat flow measurements

are to be accomodated (Fehn and Cath1es, 1979). In the second view, the heat

in the crustal portions of the oceanic plate above the moho is dissipated very

near the ridge axis by intense hydrothermal circulation (Lister, 1982;

Cath1es, submitted).








































































