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INTRODUCTION

Modern shallow-marine sediments in tropical environments
are known to contain two authigenic green clay facies, the
verdine and glaucony facies (Odin 1985, 1988, 1990). The
verdine facies is distinguished by the presence of the authigenic
clay mineral odinite (Bailey 1988a), a disordered Fe+3-rich
mineral with a 7 Å d(001), and other less-common minerals
including 10 and 14 Å trioctahedral forms (Bailey 1988a; Odin
1990; Amouric et al. 1995; Wiewiora et al. 1999). The verdine
facies has been documented most commonly in Holocene and
late Pleistocene (<20 Ka) sediments on shallow continental
shelves (commonly 10–60 m water depth), prodeltas, lagoons,
and estuaries between 23 ∞S and 16 ∞N latitude (Odin and Sen
Gupta 1988; Odin 1990; Rao et al. 1995; Kronen and Glenn
2000). Additional characteristics of the environment of forma-
tion include a water temperature of approximately 25 ∞C, oxi-
dizing water immediately above the sediment, normal salinity,
a pH range of 7.5–8.5, proximity to rivers rich in Fe, high sedi-
mentation rate, sandy sediment, and reducing microenviron-
ments (e.g., dissolution cavities, fecal pellets) (Bailey 1988a).
Older odinite specimens (e.g., 104 y) tend to have greater pro-
portions of interstratified 14 Å layers than do younger speci-

mens (e.g., 103 y), and based on this observation, Bailey (1988a)
suggested that the unstable odinite transforms to a more chlo-
rite-like mineral upon shallow burial. Little is known about the
fate of odinite in sediments older than Miocene age (Odin 1990;
Wiewiora et al. 1999). Most likely, verdine facies sediments
are the precursor to sedimentary ironstones (Odin 1990) and
sandstones with pore-lining diagenetic chlorites (e.g., Ehrenberg
1993; Hillier 1994). Odinite is believed to transform to chlo-
rites with randomly interstratified 7 Å berthierine-like layers
(Hornibrook and Longstaffe 1996; Ryan and Reynolds 1996).
This conclusion is further supported by recent work of Aagaard
et al. (2000), who documented: (1) the transformation of poorly
crystalline 7 Å Fe-rich clay to grain-coating chlorite in labora-
tory syntheses, and (2) the formation of grain-coating chlorite
at 90 ∞C at the expense of Fe-rich poorly crystalline precursors
in North Sea sandstones. Above 90 ∞C, these minerals exhibit
compositional and structural changes that include transforma-
tion of 7 Å berthierine-like layers to 14 Å chamosite-like lay-
ers via an R0 mixed-layer series as well as transformation from
the Ibb polytype to either the IIb polytype (e.g. Karpova 1969,
Hillier 1994, Spotl et al. 1994) or the Iaa polytype (Ryan and
Reynolds 1996).

Minerals of the glaucony facies (primarily 10 Å glauconite
and Fe-rich smectites) form under different conditions than
verdine, particularly with respect to water depth, latitude, and* E-mail: pryan@middlebury.edu
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ABSTRACT

Late Jurassic sandstones of the shallow-marine Sundance Formation contain authigenic chlorite
minerals that occur as rosette-like pore fillings of interstratified berthierine/chamosite (B-C) and
honeycomb-like pore linings of corrensite and discrete chlorite. B-C is nearly ubiquitous in Sundance
sandstones, but is absent near the top of the formation, whereas corrensite and discrete chlorite were
detected only in uppermost Sundance sandstones, within 4 m of the contact with the overlying non-
marine Morrison Formation. Glauconite grains are common and occur as laminae along bedding
planes and cross-beds, indicating reworking and deposition as clasts in tidally influenced regimes.

The mineralogical, chemical, and morphological properties of the B-C and corrensite indicate
that they are authigenic and formed during burial diagenesis from precursor minerals, odinite in
the case of B-C, and saponite in the case of corrensite and discrete chlorite. Odinite has been
recognized in numerous shallow-marine sands of the Holocene verdine facies, and the shallow-
marine conditions associated with Sundance deposition would have been ideal for odinite forma-
tion. Saponite commonly forms in aeolian and evaporitic environments, implying that the saponite
precursor to corrensite and discrete chlorite formed in uppermost Sundance sands that were ex-
posed to an influx of oxidizing groundwater following regression of the Sundance sea.

 X-ray diffraction (XRD) indicates that the proportion of 7 Å B layers in B-C ranges from 5 to
28%, and chemical analysis by scanning electron microscope-energy dispersive X-ray spectrom-
etry (SEM-EDS) indicates positive correlation between %B and Fe/(Fe + Mg). The polytype of
the B-C is Ibb, and the corrensite and discrete chlorite are disordered IIb. These are the expected
polytypes and %B for sandstones exposed to burial diagenetic conditions of 3000–4000 m and tem-
peratures 90–120 ∞C.


