




modern tidal flats, the normal tidal process is to inundate the cyanobacterial mats with clear 
water. Many modern examples are more properly called wind tidal flats insofar as the prevailing 
wind direction can have as much, if not more, to do with the flooding of the flats as the tides do. 

The disrupted mudstone subfacies also has a quite elegant modern analog: the 
mudcracked soils developing on modern playas in closed basins and supratidal flats (Smoot, 
1983; Smoot and Katz, 1982; and Smoot and Lowenstein, 1991). These modern playa muds are 
riddled with mudcracks of various sizes and spacings that are open at the surface but at depth are 
filled with mud, muddy sand, or sand. Mudcracks branch and connect via a complicated 
network of sheet cracks that surround irregularly-shaped patches of finer mud. Within these 
modern muds are irregularly shaped fenestrae that are the result of entrapped air bubbles and 
desiccation. Typically, laminated Pleistocene lake clays grade up through a brecciated zone into 
a chaotic mud disrupted by complex, superimposed mudcracks. This sequence strongly 
resembles the smaller cycles that comprise the disrupted mudstone subfacies. It is interesting to 
speculate as to the time value of each of the small cycles in this subfacies because 
Holocene/Pleistocene examples may record thousands of years of slow aggradation and intense 
disruption by desiccation. 

The thrombolites of the Manlius Formation are similar to their more common 
Cambrian and Lower Ordovician counterparts and are similarly interpreted as small, in-place 
mounds that were hard, rigid bioherms with a biogenic framework when deposited; in other 
words, they were biological reefs. The clotted mudstone that makes up Manlius Formation 
thrombolitic fingers is interpreted as calcified cyanobacterial filaments similar to Girvanella. 
The problematic microfossil Renalcis is generally interpreted as calcified coccoid cyanobacteria 
or an encrusting foraminiferae. The enigmatic micrite clots that give thrombolites their name 
have also been interpreted to be the result of calcification of cyanobacterial mats and colonies. 

Oddly enough, thrombolites of the Paleozoic resemble in some respects porous 
carbonate mounds that were deposited in Pleistocene and Holocene pluvial lakes collectively 
known as tufa. Pleistocene to Modern lacustrine tufas comprise mounds and coalesced mounds 
that make large encrustations up to 30 m high. Internally, lacustrine tufas may be composed of: 
(1) rigid centimeter-scale clots and fingers composed of micrite that strongly resemble Renalcis, 
Girvane/la, etc.; (2) stromatolitic laminae and small stromatolites; and (3) dendritic masses and 
arborescent millimeter- to centimeter-scale "shrubs" interpreted by Chafetz and Folk (1984) to 
by calcified bacterial colonies. Surrounding these framework elements in lacustrine tufas are a 
variety of detrital sediments, many of which show evidence of penecontemporaneous 
cementation. 

The wavy to lenticular thin bedded subfacies surrounds thrombolites and stromatolites 
3.0-3.75 m above the base of the Clockville section. We are not sure of the origin of this 
subfacies and critical to any interpretation is whether these rocks are mudcracked. They 
probably represent alternating layers of wave-ripple cross-stratified fine sands and suspension 
settle-out of mud, implying an on-off wave regime. Furthermore, these rocks are not 
bioturbated, they contain stromatolites which are otherwise rare in the Manlius Formation, and 
associated thrombolites contain no microfossils. These observations suggest that this is the 
deposit of a subenvironment with waters inimical to organisms. Our best guess is that this 
subfacies represents some kind of restricted pond or lagoon with elevated salinities developed 
behind a lateral barrier. 

The grainstone subfacies surrounds thrombolites at the base of the Clockville section 
and is likewise interpreted as a shallow subtidal shelf deposit. The common planar stratification 
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implies that deposition commonly occurred beneath an upper-stage plane bed generated by either 
unidirectional or oscillatory (wave) currents. The common fining-upwards sets capped by 
finer-grained dolomites suggests these are storm deposits. 

The thin beddite subfacies has long been recognized as subtidal shelf deposits 
(Laporte 1967; Walker and Laporte 1970). We concur. However, we feel that there are two 
features of this rock type worthy of note. 

First, these rocks have been severely effected by diagenesis. There is ample evidence 
of differential cementation and differential compaction in the common drag effects of layering 
around both hard skeletal elements and nodules of limestone. Moreover, the obvious 
association of the shaley dolomitic partings with compacted sediment opens the door to 
consideration of pressure-solution dolomitization (Wanless, 1979; and Logan and Seminiuk, 
1976). Indeed, most of the preserved layering here might be due to early, layercake diagenesis 
argued for by Bathurst (1987). The nature and significance of dolomite and shaley dolomitic 
partings (which, after all apparently define the main layering style) in these rocks must await 
formal study of the diagenesis of this formation. 

The second point about the thin beddite subfacies of the Manlius Formation is that we 
see absolutely no compelling reasons to subdivide these rocks. The nature of the diagenetic 
overprints, the nature of the internal sedimentary structures, and the nature of their preserved 
fossils suggest that these rocks are rather insensitive indicators of water depth. Moreover, there 
is no one no parameter in these rocks that is sensitive to water depth. Wave ripple marks 
preserved on bedding surfaces would be an obvious place to start considering their potential for 
quantitatively giving water depth (Komar, 1974; Clifton, 1976). However, much of the 
waviness of bedding surfaces in this subfacies may be the result of diagenesis. As an example of 
the difficulty in interpreting water depth we would like to draw attention to the grainstone coset 
8 m above the base of the Clockville section. At first consideration, it may seem that this would 
be a good place to "draw a line" separating deposits of different water depth. However, 
examination of the thin beds above and below this layer will reveal similar, thinner sets of coarse 
grainstones. In this respect, and in its overall geometry and crude internal organization, this 
grainstone most likely represents a storm deposit on the shelf similar to those from siliciclastic 
shelves. We do not think that such "event layers" are necessarily good candidates for major 
changes in depositional environments. 

CONCLUDING REMARKS 

We hope that we have shown that the sedimentary and diagenetic features of the 
Manlius Formation are a storehouse of information that is vital to any attempt to unravel the 
depositional significance of these rocks. Questions need to be answered before the larger-scale 
significance of these rocks can be addressed. What was the nature of the original deposits that 
were diagenetically altered into the thin bedded subfacies? What is the sequence of diagenetic 
events that effected these deposits? Are there storm deposits preserved in this subfacies or are 
there significant depositional breaks? What is the nature of the small-scale, desiccating upward 
cycles preserved in the disrupted mudstone? How much time do they represent? Are they 
caliche soils like those capping Pleistocene carbonates of the Florida- Bahama Banks Province? 
Are there tepee structures preserved that imply early cementation? 
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