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INTRODUCTION

Basinwide fluid migration in foreland basins is a well-known
idea to explain the genesis and distribution of Mississippi Val-
ley type Pb-Zn deposits at the distal basin margin, and the
movement of oil and gas for long distances from thermally
mature rocks into reservoirs at shallow burial depths (Dozy
1970; Oliver 1986, 1992; Bethke et al. 1991). This concept
was revitalized by Oliver (1986) who proposed that the move-
ment of fluids basinwide is caused by convergent tectonic ac-
tivity (squeegee hypothesis). Since that paper, there are diverse
lines of evidence documenting the movement of chemically
active fluids through foreland basins in response to convergent
tectonic processes (e.g., Oliver 1992). However, the source and
migration mechanism(s) for a given basin are open questions
(e.g., Bethke and Marshak 1990; Garven 1989; Ge and Garven
1989; Oliver 1992).

Within the Appalachian Basin, diverse lines of evidence
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ABSTRACT

Diagenetic illite (mixed layer illite-smectite, I-S) from Ordovician and Devonian potassium ben-
tonite (K-bentonite) and shales was studied in the proximal southern Appalachian Basin (Alabama
through Virginia) to understand in more detail the timing of illite formation as well as attempt to
describe the chemistry of the fluids that formed illite during the Alleghanian Orogeny through com-
bined K/Rb and oxygen isotope analyses. The clay fraction of the K-bentonites is composed pre-
dominantly of illite-smectite (I-S) and chlorite. Most I-S exhibited Kalkberg order (IISI) with >85%
illite layers. The K-Ar dates of I-S from Ordovician K-bentonites and Devonian K-bentonites mostly
range from 260–310 Ma and indicate I-S formed during the Alleghanian Orogeny. Internally concor-
dant dates and similar percentages of illite layers of I-S are measured from several samples collected
within a thick (1 m) Ordovician K-bentonite at Fort Payne, Alabama.

 The oxygen isotopic values (d18O) of I-S range from 18–23‰ SMOW. At lowest levels of thermal
maturity and burial, as seen by conodont alteration index values (CAI) of 1.5–2.0, the range in d18O
values of water in equilibrium with I-S is 2.5–3.5‰. At higher thermal maturity (CAI = 2.5–4.5), the
d18O of water in equilibrium with I-S is from 4.5 to 12‰. The d18O analyses are mostly consistent
with I-S having formed in the presence of orogenic (i.e., saline) waters. The mean K/Rb of the Appa-
lachian illites from this study is 325 (N = 20). This mean K/Rb is also consistent with the formation
of diagenetic I-S in the presence of a saline fluids having higher K activities than meteoric waters.
The combined data indicate these diagenetic illites in K-bentonites formed from saline/orogenic wa-
ters during the Alleghanian Orogeny along the Valley and Ridge Province in the southern Appala-
chian Basin. Although the data rule out formation of diagenetic illite in the presence of meteoric
water or long-term reaction with connate formation waters, the combined data cannot distinguish the
source and the mechanism (tectonic push or flush from tectonic highlands) for the movement of
saline fluids in the Appalachian Basin.

(such as remagnetization of Fe-oxides, saline fluid inclusions
in authigenic K-feldspar, the ages of diagenetic illite in K-ben-
tonites, presence of both authigenic albite and authigenic K-
feldspar, partially reset zircon fission tracks, and the ages of
authigenic K-feldspar rims) document the presence and migra-
tion of chemically active fluids through the Appalachian Basin
(Hearn and Sutter 1986; Hearn et al. 1987; Elliott and Aronson
1987, 1993; Miller and Kent 1988; McCabe and Elmore 1989;
McCabe et al. 1989; Dorobek 1989; McCarty 1993; Roden et
al. 1993; Haynes 1994; Evans and Battles 1999). Based on the
analyses of various geochemical and mineral signals mentioned
above, most of these past studies concluded that heated saline
brines migrated into shallow buried sedimentary rocks at the
distal margin where diverse evidence supports the presence of
such heated saline waters. It is possible, however, that the sa-
line waters found in distal margins were originally meteoric
waters that acquired their high total dissolved solids by contin-
ued rock-water interaction over significant periods of time (e.g.,
Hanor 1994). At the other extreme, the migrating saline fluids
may have originated and moved from deep crustal sources by


