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parallel the inferred changes in bottom conditions. 

The generally well-o1'ygenated floor of this Late Cretaceous 

sea was home to a variety of organisms that thoroughly churned 

the soft, limey muds. Especially significant for our purposes are 

the Thalassinoides burrows made by tiny lobster-like crustaceans. 

These burrows, only 1 to 5 cm in diameter, form great branching, 

largely horizontal, systems. They were excavated 0 .5 to 1. 5 m deep 

into semi-consolidated chalk (Hakansson et al. 1974). Because 

they were dug into the chalk at a time when it was relatively well 

consolidated, the burrow interiors held their shape, gradually 

filling with soft, porous sediments and attracting algae, fungi, 

worms, and other organisms (Bromley 1967). Chert formation 

often started in these burrows. 

Spicules from siliceous sponges are the primary source of the 

silica for this flint. Shepherd points out that there is an inverse 

relationship between the amount of soluble silica in the chalk, 

especially in sponge spicules, and the amount of flint (Shepherd 

1972:80). Pore-water-carrying silica dissolved from these scat­

tered spicules must have migrated through the chalk, following 

zones of greater porosity, such as bedding planes, burrow systems, 

and fractures and cracks. 

Clayton argues that this silica began to precipitate rather early 

in diagenesis, only 5 to 10 m below the sediment surface (Clayton 

1986:42). According to his scenario, organic matter deeper in the 

chalk was being degraded by anaerobic bacteria in a process that 

released hydrogen sulfide (H2S) into the pore water. This pore 

water migrated upward until it reached a zone where aerobic 

bacteria were able to oxidize the H2S, releasing hydrogen ions as 

a by-product and thereby lowering the pH of the pore water. At 

times when this boundary between reducing and oxidizing con­

ditions was relatively stable (that is, when deposition rates were 

low), the calcium carbonate of the chalk dissolved and silica 

precipitated. Silica deposition usually began in the relatively 

porous zones, such as burrows, and the presence oforganic matter 

in such places may also have played a role. Silica first replaced the 

calcite in calcareous fossils; then lepispheres of opal-CT, about 5 

to 20 µ in diameter, began to form. Later, the opal-CT was 

transformed to quartz, but the lepispheric structures, which make 

up 60 to 95% of the flint, are evident when flint specimens are 

etched with acid (Bradley and Clayton 1987). The transformation 

of opal-CT to quartz must have occurred about the same time that 

a chalcedony cement filled the remaining spaces between 

lepispheres, as both microcrystalline quartz and chalcedony have 

similar oxygen isotope ratios. After the flint formed, the chalk was 

compacted and uplifted. 

The flint resulting from this process varies a great deal in size 

and shape (Shepherd 1972:20-29). Its size ranges from small, 

isolated fingerlike nodules to great boulders 1 m across. It can be 

tabular along bedding planes or cracks that cut across bedding 

planes, or it can form symmetrical nodules. Most often, it fills 

burrows, often making interconnected networks, but it may also 
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extend beyond burrows and sometimes has replaced the bodies of 

sponges or echinoids. Nodules on any given bed are often rather 

similar, and such beds have been correlated across great distances 

(Bromley and Ekdale 1986). Despite all this variety of outward 

form, the flint itself is generally black with a few gray to white 

blob by areas and a cottony white cortex. The gray areas are said by 

some to be "ghosts" of smaller burrows (Hakansson et al. 19 7 4:22 7), 

while others consider them to be areas where the quartz has 

recrystallized and water has been redistributed (Bradley and 

Clayton 1987). 

Chalk flint has been used by the inhabitants of southern 

England from the Lower Paleolithic to the present. Even after 

metals replaced stone for tools, flint nodules continued to be used 

as cobblestones and in walls of buildings. Flint was also crushed 

and put in concrete, pottery, and glass, and it was being knapped 

into gunflints as recently as 1950 (Shepherd 1972:188). Natural 

exposures exist in many places, such as the beaches at Brighton 

and Dover, and the flint was also quarried. Grimes Graves, in 

Norfolk, is an especially impressive quarry system in which over 

a thousand pits and shafts were dug by Late Neolithic people, who 

used deer antlers as their primary tool to reach the particular flint 

horizons they considered most desirable for stone axes and knives 

(Skertchly 1984). These excavations, with vertical shafts up to 14 

m deep and horizontal galleries extending out along the flint beds, 

are oddly reminiscent of the Thalassinoides burrows where much 

of the flint formed. 

Monterey formation 
In the Monterey formation of California, chert is caught virtually 

in the act of forming. This classic geological case study is one of the 

few situations in which many aspects of chert formation are 

evident from field relations alone (Bramlette 1946). A widespread 

formation, it outcrops throughout the Coast Ranges from north of 

San Francisco to south of Los Angeles, attaining thicknesses up to 

1,600 m (Norris and Webb 1976: 195). It contains an enormous 

quantity of silica, consisting primarily of diatomite (compressed 

but relatively unconsolidated diatom shells), porcellanite (some­

what more compacted and lithified diatomite), and chert, with 

minor amounts of shale, mudstone, cherty shale, sandstone, 

volcanic ash, carbonates, phosphates, basaltic lava, coal, and 

petroleum deposits. This extremely variable formation, with rock 

types grading into one another, is usually easily recognized by its 

thin to very thin beds and its pale buff to white color (Norris and 

Webb 1976:258). 

The Monterey formation began to form about 17 million 

years ago during the middle Miocene (Hurst 1986) in a series of 

relatively deep ocean basins near the coast. These basins are 

similar to those in which diatoms are accumulating today in the 

Gulf of California. Conditions off the coast of California appear to 

have been ideal for diatoms. Water temperatures were favorable, 

and volcanic activity on land supplied plenty of silica to the sea. 


































































































































































































































































