Chapter 14: Sediment and Sedimentary Rocks

Sedimentary rocks are those rocks that form from sediment that has been mechanically
deposited by a fluid (e.g., wind, water, or ice) or chemically deposited (precipitated) from
solution. As | said at the end of Chapter 12 (weathering), the end products of mechanical and
chemical weathering are the raw material needed to create a sedimentary rock.

Sedimentary rocks fall into two broad categories, detrital rocks and chemical rocks. Detrital
sedimentary rocks consist of cemented sediment grains that represent fragments of pre-existing
rocks. Chemical rocks are deposited by the chemical process of precipitation from solution.

Sedimentary rocks form in the following way: weathering of preexisting rocks creates rock
fragments, clay minerals, iron oxides, and dissolved compounds in solution. These weathering
products are then eroded and transported to somewhere else. Then, rock fragments are
deposited to create a detrital sediment, or chemical compounds are precipitated to create a
chemical sediment. The sediment (whether detrital or chemical) is then lithified (i.e., turned into
a sedimentary rock) via two processes, including compaction and cementation. To summarize,
sedimentary rocks are created via the following processes:

weathering = erosion/transport = deposition/precipitation =9 lithification.
Letdébs start by making some comments about detri

fragments change as they are eroded and transported. In general, with increasing transport
distance, they become smaller, rounder, and better sorted, as shown here:
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Change in sediment characteristics with transport.



Think of sorting as representing grain size similarity. A well-sorted sediment or sedimentary
rock contains grains that are all similar in size. In contrast, a poorly sorted sediment or
sedimentary rock contains a wide range of grain sizes, as shown here:

Poorly sorted Well sorted
Poorly sorted vs. well sorted sediment.

We can get a general sense of how far a river sediment has been transported by making some
basic observations about grain size, degree of rounding, and degree of sorting. This gives us a
basic point of comparison between modern sediments and ancient sedimentary rocks.

To understand the environment in which an ancient sedimentary rock formed, we compare the
characteristics of this ancient rock with the characteristics of modern sediments.

Stated another way, we use present depositional environments as a standard of comparison in
understanding ancient depositional environments. The whole game with sedimentary rocks is to
figure out as much as we can about the ancient depositional environment in which the
sedimentary rock formed. Fundamentally, the only way to do this is to compare ancient
sedimentary rock characteristics with those of modern sediments forming in present-day
depositional environments.

Hey, did you notice that wedre invoking Adoe of
remember the name of the principle that the present is the key to the past?

That would beé.uniformitariani sm! Simply put,
environments in terms of modern ones.

Once we get far enough offshore, the only detrital sediments we find are very fine-grained clay
deposits. Under the right conditions, chemicals can precipitate directly from sea water or with
the help of small organisms (plankton) living in the water column. In both cases, chemical
deposition (precipitation) can lead to the accumulation of biological sediments and ultimately
biochemical sedimentary rocks.

Alluvial fans and rivers are two common non-marine depositional environments, whereas marine
depositional environments include nearshore (e.g., continental shelf) and offshore (e.g., abyssal
plain) environments.

Her e 6 s aofanallnvélgan in Death Valley:
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Alluvial Fan, Death Valley, CA
(image courtesy Google Earth)

Note the road for scale along the bottom of the fan. High up, near the head of the fan, the
sediments are quite gravelly. Further downstream on the fan surface, near the road, the
sediments become more sandy.

H e r @ phdto of some ancient alluvial fan deposits in the Mecca Hills, southeast of Palm
Springs:

Alluvial fan deposits, Mecca Hills, CA.

I didndét have a hand | ens or car keys wsedih me
terms of showing an object for scale J . Note the large fragment sizes, angular shapes, and
poor sorting of the fragments in the above photo. Having been lithified, this deposit has been
converted into sedimentary rock (conglomerate). However, we can correlate the characteristics
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of this rock (e.g., grain size, rounding, and sorting) with similar ones seen in modern alluvial fan
environment séthatdés how geol ogncientafluvidiaow t hi s r o
environment.

It should be clear to you by now that gravelly detrital sedimentary rocks like the one above

typically form in an upstream environment, near the base of mountains, because thatooés
webre |ikely to find, | arge, poor |lledverpfarfreend, ang
their source (and so havendt become very wel/l r

I n c ont rsaghotp of bome shde from the Borrego Formation, near Borrego Springs,
CA (note my ring for scale).

Gypsiferous shale, Borrego Formation, near
Borrego Springs, CA.

The above rock is very, very fine-grained, well sorted, and mostly consists mostly of clay. Yo u 6 d
need a high-powered microscope to see individual sediment grains.

The above rock is very thin-bedded, which is why we call it a shale rather than claystone (shale
= thin-bedded claystone). The white, needle-like crystals growing in between bedding planes
(sedimentary layers) are gypsum crystals.

Judging from the fine grain size, this rock formed in a downstream environment, where currents
were weak.

Once again, we can determine the ancient depositional environment of this rock by correlating
its characteristics with modern depositional environments.



In this case, the shale in the above photo was deposited in an ancient lake that last occupied
the Borrego Valley about a million years ago. Around that time, the climate became more arid
(dry), and evaporative conditions resulted in the precipitation of calcium sulfate (i.e., the mineral,
gypsum) between bedding planes. The presence of abundant gypsum tells us that this rock
formed under evaporative conditions.

Once a sediment is deposited, it becomes hardened, or lithified, by two processes, including

compaction and cementation (Figure 14.6). Common sedimentary cements include calcium

carbonate (calcite, CaCO3), iron oxide (hematite, Fe,03), and silica (quartz; SiO,). Remember

that iron oxide, silica, and the chemical building blocks of calcium carbonate (HCO3 and Ca™)

are common chemicalwe at hering products, so hereb6s a grea
weathering serving as the raw material for sedimentary rocks.

Your book goes into quite a bit of detail describing various detrital sedimentary rocks, including
conglomerate, breccia, sandstone, and shale. You should familiarize yourself with the overall
properties of these rocks.

Study Table 14.1 (and the summary rock table, below), but dondét worry about
diameters. Just remember that conglomerate and breccia are coarse-grained, gravelly

sedimentary rocks. Sandstone is obviously composed of sand-sized fragments. Mudrocks
include mudstone, siltstone, and s hadrameddetriiaMu d 0
sediment that represents a mixture of silt-andclay-si zed particl es. ACIl ay o
to very, very fine-grained particles (many of whichal so happen to be cl ay mi
possible to have quartz and feldspar grains in the clay-sized range). Shale is simply mudstone

or claystone that is finely layered (laminated) such that it tends to break apart in thin sheets.

He r e 6 sto an absoluteky amazing scanning electron microscope image of a detrital
sandstone (magnified millions of times!)d basically some rounded quartz grains cemented
together with calcite: SEM Sandstone Image.

As you might imagine, many detrital sedimentary rocks consist of a mixture of gravel, sand, silt,
and clay. Gravel-rich rocks are easy to identify in the field because the grains are clearly visible.
But what about finer-grained rocks that may be mixtures of sand, silt, and clay?

Over hundreds of years, geologists have developed a very sophisticated field test for judging the
relative amounts of sand-, silt-, and clay-sized particles in detrital sedimentaryr oc ks é. t he t i
test!

Basically, it works like this: say you walk up to an outcrop and want to get an approximate

sense of how much sand vs. silt vs. c¢clay compr.
off a small piece, pop itintoyourmout h, and chew on it a bit! | f
mostly made of sand. I f itds Agrittyo, itbéds mo
itdéds mostly cl ay. So when a geologist says she

sedimentary rocks, you can take her at her literally J .

Herebs a simple classification chart for detrit


http://www.greenelectron-images.co.uk/sem/sandstone/calcareous_sandstone.html




