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are those ions that trap excitation energy, but whose outer elec
tron transitions do not result in luminescence. Main quenchers in 
carbonates are Ni and Fe. 

As opposed to visual determination, only a spectral analysis of 
the emitted radiation paired with a chemical analysis can detect 
which of all these elements participate in the luminescence of a 
particular carbonate crystal. A visual observation, such as 
"bright-orange luminescence," is merely a mixture of wave
lengths, and this color can result from different spectral compo
sitions due to correspondingly different trace element contents. 

Activators, sensitizors, and quenchers have to be present in 
certain minimum and below certain maximum concentrations in 
order to be effective. The minimum concentration for the most 
important activator in non-hydrothermal carbonates, Mn^+, is 
well below 100 ppm, and it is even lower if the crystal contains 
any sensitizors in effective concentrations. Pb̂ + and Ce'+ sensi
tize Mn-activated luminescence at concentrations as low as per
haps 30 ppm. The most effective quencher is UP*, which kills 
Mn-activated luminescence at concentrations as low as possibly 
35 ppm. Fê * seems to effect initial quenching at about 30 to 60 
ppm. Up to about 10,000 ppm, the luminescence behavior of cal-
cite and dolomite depends on the Mn^+ZFe'* ratio. No lumines
cence occurs above this level, whatever the Mn^* concentration. 

Mrf+ is the most important activator in carbonates because it 
leads to the most obvious luminescence; it is relatively abundant. 
Fê + is probably the most important, although not most effec
tive, quencher due to its very high and variable abundance. If one 
attempts to interpret the luminescence behavior of carbonates in 
terms of the geochemical environment, however, the other acti
vators, sensitizors, and quenchers have to be considered too. In 
particular, those elements associated with organic matter could 
be enriched in organic-rich (or even bituminous) carbonates, and 
elements primarily associated with clay minerals can be expected 
in impure, argillaceous Umestones and dolostones, and their dia-
genetic carbonate phases. 

The luminescence of carbonate cements, thought to result 
from Mn̂ + and Fê ^ alone, has often been taken as an indicator 
of the redox-potential of diagenetic fluids. This is only permissi
ble if it can be shown that the other elements are not involved to 
any significant degree. 
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Submarine Cements—The Peloidal Question 

The peloidal texture common to submarine substrates lithified 
by magnesium calcite appears to be the result of the same proc
esses responsible for the deposition of the cement. These peloids 
do not, as reported earlier, represent the deposition of internal 
sediment of fecal or unknown origin. Rather, they are the physi-
cochemical product of the precipitation of calcite from seawater, 
as indicated by: (1) the widespread occurrence of peloidal calcites 
in a variety of marine environments; (2) the generally limited size 
range of the peloids; (3) the well-developed zonation of peloidal 
textures in many cement crusts; (4) the presence of peloids in 
restricted microcavities; and (5) the chemical similarity of peloids 
and associated magnesium calcite dentate rim cements. 

Although these magnesium calcite peloids resemble aragonite 
peloids formed by rapid repeated nucleation in experimental pre
cipitation of aragonite from supersaturated seawater, their rates 
of formation must differ because pore waters are incapable of 
spontaneously providing the calcium carbonate required for the 
extensive deposition of magnesium calcite found in restricted 
submarine settings. Observations of magnesium calcite precipi
tating on experimental substrates placed on the ceiling of a sub
marine cave suggest that clotting or nucleation of magnesium 

calcites may be a very slow process, perhaps commonly involving 
the nucleation within an initial submicrocrystalline calcite "dust" 
precipitate. The final stage consists of the precipitation of den
tate microcrystalline rim cements around the peloid centers. 
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Diagenesis and Mass Transfer in Sandstone-Shale Sequences 

An analysis of diagenesis and mass transfer is made drawing 
on the literature and our work from the Brazilian shelf and Bar
bados. It is shown (although not unanticipated) that the initial 
sedimentary mineral composition is a major control of diagenetic 
products. For example, dioctahedral clay minerals, chlorite, and 
quartz characterize arkoses, whereas trioctahedral clays and zeo
lites are most commonly found in Uthic sandstone. Dioctahedral 
smectite-rich shales exhibit the classical smectite/illite to illite 
burial pattern. However, mafic, trioctahedral clay-rich shales 
show a burial sequence of saponite to chlorite/saponite mixed 
layer, a progressive increase of chlorite-rich phases with increas
ing burial depth. Other compositionally dependent reaction 
paths are also discussed. 

To assess mass transfer between shale and sandstone during 
burial, all major diagenetic pathways must be known for both 
rock types. A model for the Brazilian shelf sandstone-shale 
sequence is used as an example of quantification of mass trans
fer. Both sands and shales act as nearly isochemical systems; 
sandstones lose less than 2% K"̂  to shales, and gain less than 3% 
H2O, H*, and CO2 during burial diagenesis. 

It is shown using data from Barbados and the literature that 
burial diagenetic reactions are essentially irreversible, at least 
until the stage of weathering. Thus, these reactions can be used to 
assess the amount of overburden removed. Comparison of the 
diagenetically produced trend of illite/smectite compositions 
with depth in Barbados to trends produced in areas which have 
undergone only subsidence (e.g., Gulf Coast) suggests that about 
3,300 to 9,800 ft (1,000 to 3,000 m) of overburden has been 
removed in Barbados. 

The irreversible and nearly isochemical nature of burial dia
genetic reactions places constraints on the role of diagenesis in 
the sedimentary rock cycle. An attempt is made to quantify the 
global importance of these reactions in the rock cycle. 
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Mississippian Carter and Lewis Sandstone Petroleum Geology 
of Black Warrior Basin of Alabama 

The Black Warrior basin of northwestern Alabama is an excel
lent locality to prospect for combination petroleum traps; to date 
over 1,000 wells have been drilled in the region and 62 petroleum 
fields and pools have been discovered. Mississippian sandstone 
reservoirs presently have the greatest hydrocarbon potential, the 
Carter and Lewis sandstones being the most economic of these 
reservoirs. Cumulative production for the Carter includes more 
than 700,000 bbl of oil and 12 bcf of gas. The Lewis has produced 
over 5,000 bbl of oil and 12bcf ofgas. The Carter was deposited 
as part of a high-constructive, elongate to lobate delta which pro-
graded from northwest to southeast into the basin. The Lewis 
accumulated as a series of elongate, northwest to southeast-
trending sand bodies on a shallow marine shelf. Carter distribu-


