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For the identification of sedimentary rock types in the field, the two principal features to

note are composition-mineralogy and grain-size. On the basis of origin, sedimentary rocks can be

grouped broadly into four categories (Tab 1 —1).

Tab1-1

The four principal categories of sedimentary rock with the broad lithological groups

Terrigenous Clastics

Biochemical-biogenic-organic

Deposits

Chemical Precipitates

Volcaniclastics

sandstones, mudstone
conglomerates + breccias

limestones + dolomites, coal
phosphorites, chert

ironstones, evaporites

tephra
( pyroclastic deposits) tuffs

The most common lithologies are the sandstones, mudstone and limestones ( which may be
altered to dolomites). Other types—evaporites, ironstones, cherts and phosphates—are rare or
only locally well developed, and volcaniclastics are important in some places.

In some cases, you may have to think twice as to whether the rock is even sedimentary in
origin or not. Greywacke sandstones, for example, can look very much like dolerite or basalt,
especially in hand-specimens away from the outcrop. Points generally indicating a sedimentary
origin include the presence of: stratification; specific minerals of sedimentary origin (e. g. ,
glauconite, chamosite ) ; sedimentary structures on bedding surfaces and within beds; fossils;

grains or pebbles which have been transported ( that is, clasts).
Terrigenous clastic rocks

These are dominated by detrital grains ( especially silicate minerals and rock fragments) and
include the sandstones, conglomerates, breccias and mudstones.

Sandstones are composed of grains chiefly between 1/16 and 2 mm in diameter. Bedding is
usually obvious and sedimentary structures are common within the beds and upon the bedding
surfaces. They are composed of five principal ingredients; rock fragments ( lithic grains) , quartz
grains, feldspar grains, matrix and cement. The matrix consists of clay minerals and silt-grade
quartz, and in most cases this fine-grained material is deposited along with the sand grains. It can
form from the diagenetic breakdown of labile (unstable) grains, however, and clay minerals can
be precipitated in pores during diagenesis. Cement is precipitated around and between grains, also
during diagenesis; common cementing agents are quartz and calcite.

Conglomerates and breccias, also referred to as rudites, consist of large clasts ( pebbles,
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cobbles and boulders) , more rounded in conglomerates, more angular in breccias, with or without
a sandy or muddy matrix. The key features which are important in the description of
conglomerates and breccias are the types of clast present and the texture of the rock. On the basis
of clast origin, intraformational and extraformational conglomerates and breccias are distinguished.
Intraformational clasts are pebbles derived from within the basin of deposition; many of these are
fragments of mudstone or lime mudstone liberated by penecontemporaneous erosion on the
seafloor, river channel, etc. , or by desiccation along a shoreline, lake margin, tidal flat, etc. ,
with subsequent reworking. Extraformational clasts are derived from outside the basin of
deposition and are thus older than the enclosing sediment.

Mudstones are fine-grained with particles mostly less than 1/16 mm in diameter, and are
dominated by clay minerals and silt-grade quartz. Many mudstones are poorly bedded and also
poorly exposed. Colour is highly variable, as is fossil content. Mudstones are the most abundant
of all lithologies but they are often difficult to describe in the field because of their fine grain-size.
Mudstone is a general term for sediments composed chiefly of silt (4 to 62 um) and clay ( <
4pm) sized particles. Siltstone and claystone are sediments dominated by silt and clay-grade
material respectively. Claystones can be recognized by their extremely fine grain-size and usually
homogeneous appearance ; mudstones containing silt or sand have a “gritty” feel when crunched
between your teeth. Shales are characterized by the property of fissility, the ability to split into
thin sheets generally parallel to the bedding; many shales are laminated. Mudstones are non-fissile
and many have a blocky or massive texture. Argillite refers to a more indurated mudstone,
whereas slate possesses a cleavage. A marl is a calcareous mudstone. Mudstones grade into
sandstones.

With increasing grain-size muds/mudstones grade into sands/sandstones and the latter into
gravels/conglomerates, and there are also mixtures of all three, of course. Sediments consisting of
a rapid interbedding of sandstones and mudstones are often referred to as heterolithic facies.

Limestones and dolomites

Limestones are composed of more than 50% CaCO,, so the standard test is to apply dilute
hydrochloric acid ( HC1) ; the rock will fizz. Many limestones are a shade of grey, but white,
black, red, buff, cream and yellow are also common colours. Fossils are commonly present, in
some cases in large numbers. Limestones, like sandstones, can be described in only a limited way
in the field; the details are revealed through studies of thin-sections and peels. Three components
make up the majority of limestones: carbonate grains; lime mud/micrite ( micro-crystalline
calcite) and cement (usually calcite spar, also fibrous calcite). The principal grains are bioclasts
( skeletal grains/fossils) , ooids, peloids and intraclasts. Many limestones are directly analogous
to sandstones, consisting of sand-sized carbonate grains which were moved around on the
seafloor, whereas others can be compared with mudstones, being finegrained and composed of
lithified lime mud (i. e. , micrite or lime mudstone). Some limestones are formed in situ by the
growth of carbonate skeletons as in reef limestones, or through trapping and binding of sediment
by microbial mats ( formerly algal mats) as in stromatolites and microbial laminites.
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Dolomites ( also dolostones) are composed of more than 50% CaMg ( CO; ),. They react
little with dilute acid ( although a better fizz will be obtained if the dolomite is powdered first) ,
but more readily with warm or more concentrated acid. Alizarin red S ( WEMBE ) in
hydrochloric acid stains limestone pink to mauve, whereas dolomite is unstained. Many dolomites
are creamy yellow or brown in colour and they are commonly harder than limestones. Most
dolomites have formed by replacement of limestone and as a result in many cases the original
structures are poorly preserved. Poor preservation of fossils and the presence of vugs (irregular
holes) are typical of dolomites. The majority of dolomites, especially those of the Phanerozoic,
have formed by replacement of limestones. This dolomitisation can take place soon after
deposition, i. e. , penecontemporaneously and notably upon high intertidal-supratidal flats in semi-
arid regions, or later during shallow-burial or deeperburial diagenesis. For facies analysis it is

important to try to decide which type of dolomite is present.
Other lithologies

Gypsum is the only evaporite mineral occurring commonly at the Earth’ s surface, mostly as
nodules of very small crystals in mudstone, although veins of fibrous gypsum ( satin spar) are
usually associated. Evaporites such as anhydrite and halite are encountered at the surface only in
very arid areas. Most gypsum at outcrop is very finely crystalline and occurs as white to pink
nodular masses within mudstones ( which are commonly red) or as closely packed nodules with
thin stringers of sediment between ( chickenwire texture) . Irregular and contorted layers of
gypsum form the so-called enterolithic texture. Nodular and enterolithic textures are typical of
gypsum-anhydrite precipitated in a marine sabkha ( supratidal) environment, so that other peritidal
sediments may be interbedded ( e.g., microbial laminites/stromatolites, fenestral lime
mudstones/dismicrites) , or in a continental sabkha, where fluvial and aeolian sediments may be
associated.

Ironstones include bedded, nodular, oolitic and replacement types. They commonly weather
to a rusty yellow or brown colour at outcrop. Some ironstones feel heavy relative to other
sediments.

Cherts are mostly cryptocrystalline to microcrystalline siliceous rocks, occurring as very hard
bedded units or nodules in other lithologies ( particularly limestones). Many cherts are dark grey
" to black, or red.

Sedimentary phosphate deposits or phosphorites consist mostly of concentrations of bone
fragments and/or phosphate nodules. The phosphate itself is usually cryptocrystalline, dull on a
fresh fracture surface with a brownish or black colour.

Organic sediments such as hard coal, brown coal (lignite) and peat should be familiar, and
oil shale can be recognized by its smell and dark colour.

Volcaniclastic sediments, which include the tuffs, are composed of material of volcanic
origin, chiefly lava fragments, volcanic glass and crystals. Volcaniclastics are variable in colour,
although many are a shade of green through chlorite replacement. They are commonly badly
weathered at outcrop. The term pyroclastic refers to material derived directly from volcanic

activity, whereas the term epiclastic is used to refer to “secondary” sediments such as debris flow
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and fluvial deposits resulting from the reworking of pyroclastic material.

= Reference =

Maurice E. Tucker Sedimentary Rocks in the Field. West Sussex: John Wiley & Sons, 2003:29 —51.

= New Words and Phrases <=

—

sedimentary rock {JJTELE

mineralogy [ mina'rolad3ziz,-'rel-] n. # )%
terrigenous clastics [l IR JH &
volcaniclastics [ vol kaeni'klestiks | n. K ILIFEE &
conglomerate [ kon'glomareit] n. i
breccia [ 'bretfa] n. fAfkE

phosphorite [ 'fosforait] n. K%

evaporite [ i'vaeporait] n. &K

tephra [ 'tefro] n. ‘kILJK

tuff [ taf] n. BEKE

. limestone [ 'laim;stoun| n. 1 K&

Lol U S

_ =
L

dolomite [ 'dolomait] n. =&

phosphate [ 'fos/feit] n. BEEREL

detrital [ di'traital | adj. &8I R

. penecontemporaneous [ pi:nikantempa'reinjos | adj. JUBG I EZ5 T, HE 5]
fissility [ fi'siloti] n. 5 30E, 40340, n] 24454

. indurate [ 'indjureit] vr. & vi. (f#) BREH | R 7E IR A
. micrite [ 'mikrait] n. 5K E, BEKS
Phanerozoic | fenara'zouik | adj. TAHH
evaporite mineral 7&K )

. interbedded [ /inta,bedid | adj. JZ[A]1], )22 [a]11)
pyroclastic material ‘K [L1#% )54

NI G T O S S T e
B =S 0 ® 0 R W

=> Translation of Difficult Paragraphs <=

(1) The most common lithologies are the sandstones, mudstones and limestones ( which may
be altered to dolomites). Other types—evaporites, ironstones, cherts and phosphates—are rare or
only locally well developed, and volcaniclastics are important in some places.

B WH E A W E e E A K e (ATREAE L =) R B (R R & VR0 A1
BER G FBERREL) IR FE WS RE R M X K& B A4F, Kkl 8 & 2 — 2 iy 1R 21
=4

(2) Sandstones are composed of grains chiefly between 1/16 and 2mm in diameter. Bedding
is usually obvious and sedimentary structures are common within the beds and upon the bedding
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surfaces. They are composed of five principal ingredients: rock fragments (lithic grains) , quartz
grains, feldspar grains, matrix and cement. The matrix consists of clay minerals and silt-grade
quartz, and in most cases this fine-grained material is deposited along with the sand grains. It can
form from the diagenetic breakdown of labile (unstable) grains, however, and clay minerals can
be precipitated in pores during diagenesis. Cement is precipitated around and between grains, also
during diagenesis; common cementing agents are quartz and calcite.

B Rt BLAR KHRAME 1/16 ~2mm 22 8] B VR AN o J2 B8 AR 2, DURRES M W A
B EAZEER . SIS M EERS AR CaBBokL) IR K £ B0k
ZIEFNREEY) o 22 EFEFE L0 MR R P 38 TERZHE OU T, X Fh AR o Bl R — i
DUBL BRI, B AT DB BT AR AE 1 (22 B ) 0B TE A 7 Al A2 Hh B, 3 0 W e 1l
EVE R AR T ADTIEAEFLBR o RS IRl R A AV R AR, 72 B0 S R ATRIORE 22
(] PTE ; H UL IS E5 ) A A S R0 J5 A o

> Exercises =

I . Translate the following terms from Chinese to English or English to Chinese.

TIRRE tidal flat

Pt YRR intraformational clasts
KA oL calcareous mudstone
J= 3 T heterolithic facies
¥ty sand grain

II. Decide whether the following statements are true or false.

1. Terrigenous clastic rocks are dominated by detrital grains, and include the sandstones,
conglomerates, breccias and mudstones.

2. Sandstones are composed of five principal ingredients: rock fragments ( lithic grains ),
quartz grains, feldspar grains, matrix and cement.

3. Intraformational clasts are derived from outside the basin of deposition and are thus older
than the enclosing sediment.

4. Three components make up the majority of limestones: carbonate grains; lime mud/micrite
( micro-crystalline calcite) and cement.

5. Pyroclastic is used to refer to “secondary” sediments such as debris flow and fluvial

deposits resulting from the reworking of pyroclastic material.
Ill. Answer the following questions.

1. How is sedimentary rock classified on the basis of origin?

2. Greywacke sandstones can look very much like dolerite or basalt. How can we know
whether the rock is sedimentary in origin or not?

3. What are the most common three cementing agents for sandstones?

4. With grain-size increasing, how many grades can sedimentary rocks be divided into?

5. What are the main differences between limestones and dolomites?
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éLesso‘n 2 Clastic Rocks:
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Sedimentary rocks come from clastic sources, a variety of precipitates, and from organically
related processes. The origin can be further classified by the rock type and the environment of
deposition. In this manner, the rock is completely classified and identified by all significant
parameters. An example of this classification is a quartzose deltaic channel sandstone. The
sandstone was laid down as a clastic rock in a deltaic channel under marginal marine conditions
and is composed of quartz grains. A complete description of the rock would include bedding
characteristic, grain sizes, grain shapes, trace minerals, and modifiers where applicable to fully
cover the background and present features of deposit.

Clastic rocks are composed of clasts, which are fragments or grains of pre-existing rocks.
The fragments are derived from the pre-existing rock, transported, deposited, and hardened, or
lithified, into a new rock. Mechanical weathering is usually the manner in which the clastic
particles are derived from the original rock. However, chemical weathering of susceptible
materials surrounding resistant grains in the original rock produce rock and mineral fragments as
well.

The mechanical properties of clastic rocks are not only affected by the external factors, such
as the state of stress and surrounding geological environment, but also strongly dependent on the
depositional and sedimentary environments, including components, textures, and structures of the
rocks. It is of importance to study the mechanical properties of clastic rocks for energy industry,
because oil and gas, as well as coal, are situated in these rocks. Until now, most research on the
microstructure of the rock and its deformation and strength behaviors mainly focuses on granites
and other hard rocks. Therefore, relations between the sedimentary characteristics and mechanical
properties of clastic rocks need to be addressed, particularly those of soft rocks such as mudstone
and shale.

Clastic sedimentary rocks can consist of virtually any material as long as they are made of
fragments of pre-existing rocks. It is on the basis of size of the fragments that make up clastic

rocks by which they are classified (Tab2 —1).

Tab 2 -1 Clastic Sedimentary Rocks

Sediment Size ,mm Rock
Gravel >2 Conglomerate
Sand 2~1/16 Sandstone
Silt 1/16 ~1/256 Siltstone
Clay <1/256 Mudstone

Conglomerate is a clastic sedimentary rock composed of gravel of boulders, cobbles, and/or
pebbles cemented together. Boulders are clastic fragments larger than 256 mm in diameter.
— 6 PR



Cobbles range from 64 to 256 mm, and pebbles from 2 to 64 mm. Boulders, cobbles, and
pebbles in conglomerates are usually rounded by abrasion and are laid down in stratified units. The
large conglomerate constituents are surrounded by a matrix of much finer sand and mud and are
cemented together to form the hard rock. Porosity and permeability in conglomerate are variable
with grain shape and amount of matrix materials. Conglomerates are often good reservoirs for
hydrocarbons.

Conglomerates and sandstones form 20% ~25% of the stratigraphic record but have received
much more than 25% of the attention of sedimentary petrologists. This imbalance has occurred for
several reasons. The grains in sandstones are coarse enough to be seen easily, and these rocks
typically contain textures and structures that can be described and photographed, such as pebble
shape, grain rounding, cross-bedding, ripple marks, and graded bedding. These can be
diagnostic of transport mechanism or depositional environment. Also, sandstones supply about half
of the world’ s production of petroleum and natural gas and most of the groundwater we drink.

Sandstone fragments vary in size from 1/16 to 2 mm. Sandstone is composed of these sand-
size particles that have been compacted and cemented together. Sorting of sandstone particles
ranges from good to poor in a rock that can be designated as coarse, medium, or fine within the
size range for sandstone. Since sandstone fragments can be of virtually any composition, the
sandstone rock itself can be designated according to its mineral constituents or its combinations of
constituents. Examples are quartz sandstone, which consists of resistant quartz grains, feldspathic
or arkosic sandstone with more than 20% feldspar grains, greywacke, which consists of poorly-
sorted grains with abundant feldspar, and a clay matrix, some of which may be altered to chlorite
(Tab2-2).

Tab 2 -2 Mineral Composition of Some Common Sandstones ( Sandstone Classification 2 ~1/16 mm)

Particle Composition <15% Clay Matrix >15% Clay Matrix
Rock Fragments Sandstone (Rock Fragment) Argillaceous Sandstone ( Rock Fragment)
Feldspar Feldspathic; >30% Sandstone ( Arkosic) Argillaceous Feldspathic: Sandstone
Quartz Quartz Sandstone Argillaceous Quartz Sandstone

Clean, well-sorted sandstones can be tightly or loosely cemented and therefore can have a
wide range of porosity and permeability. Many Gulf Coast sandstones are clean, well-rounded,
and weakly cemented. They provide good hydrocarbon reservoirs. Certain Ordovician sandstones
of mid-continent area are some of the best-sorted, best-rounded, clean sandstones developed
anywhere in the world. They are loosely cemented and are excellent reservoirs in a number of
mid-continent oil and gas fields. Sandstone bodies are formed in a large variety of environments
and acquire a variety of shapes and characteristics. Because sandstone is deposited virtually
everywhere, it is the rock type that occurs most often as a reservoir rock.

Sandstone reservoirs produce large volumes of petroleum in the North Sea, China, Soviet
Union, and North and South America. The upper Paleozoic Gardner barrier bar is a productive
sandstone in central Texas.

Sandstone can consist of grains of virtually any composition, and it follows that a sandstone
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of limestone grains is not only a possibility but a common reality. Fragments derived from pre-
existing limestone deposit, transported and deposited, form a sandstone composed of limestone
fragments. This particular rock is called a calcarenite, or calcareous sandstone.

Mud and fine-grained materials that are coarse enough to feel gritty on the teeth are
components of siltstone. Siltstone grain sizes range from 1/16 to 1/256 mm. Rocks of this
classification have limited porosity and permeability because of their potentially high clay content
and small grain size. They have limited potential as reservoir beds.

Clay and mud with particles of less than 1/256 mm diameter combine to form shale that is
smooth and not gritty on the teeth. Shale is usually finely laminated and fissile, which allows it to
split easily along its bedding surfaces. Rocks of similar composition that are not fissile are called
mudstone, which has a blocky character.

To say that shale is the product of mechanical accumulation of small clastic fragments in a
manner similar to the formation of sandstone is not completely accurate. Shale materials are often
stable end-stage weathering products derived from unstable clay-forming minerals. Because they
are stable, they no longer respond to chemical breakdown. Clay minerals can be carried in
chemically stable suspensions and colloids and will be deposited by chemical or electrolytic
differences in the waters in the depositional areas. In this way, the mode of clay mineral transport
is different from the simple mechanical process of moving chemically inert grains from origin to
place of deposition.

Shale, with high-preserved organic content, is considered to represent the most favorable of
potential source rocks. After their formation waters and fluids are expelled, shales provide
sealers for porous reservoir rocks and are instrumental in forming hydrocarbon traps. They are
not generally considered to be reservoirs, however, although fractured shales can act in that
capacity.

Organic-rich shale provides the petroleum source and subsequent seal for the highly
productive Tertiary Zelten reef limestone of the Zelten Field in east-central Libya. Upper
Paleozoic shale provides source and seal to numerous fields in northeastern Oklahoma as

well.
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<> New Words and Phrases =

clastic rock ¥ JE
precipitate [ pri'sipiteit] n. ULIEY
deltaic channel sandstone = ffj Yi|Ju] iEi b A+

trace mineral fHE T Y

© H W N =



5. fragment [ 'fegmont] n. W

6. mechanical weathering HLi X1k

7. original rock JRAEA A HEE

8. susceptible [ so'septobl] adj. ZALEIN, Z) 5% F MY
9. external factor #MARNZE

10. texture [ 'tekstfo] n. Z5H,FiE

11. deformation [ di:fo:'meifon, defo-] n. AZJE
12. granite [ 'grenit] n. fERA

13. gravel [ 'greval] n. #kf1

14. cross-bedding [ kros'bedin] n. AZ4E)ZH

15. ripple mark IR

16. graded bedding RiZt)Z

17. Ordovician [ o:do'vifon] n. & adj. B2 (1))
18. Paleozoic [ pzlia'zouik | n. & adj. ()
19. Gardner ['gaidno] [ 5[ | nflEgh

20. barrier bar AN fRAE ST

21. calcarenite [ kalko'rirnait] n. JKJE &

22. laminated [ 'lemoneitid | adj. JZEN, =R
23. suspension [ sa'spenfon] n. &%, BRIFW

24. colloid [ 'koloid] n. & adj. JEAAR(H))

25. hydrocarbon trap ‘ZH&]E(,IEPH

<= Translation of Difficult Paragraphs <=

(1) The mechanical properties of clastic rocks are not only affected by the external factors,
such as the state of stress and surrounding geological environment, but also strongly dependent on
the depositional and sedimentary environments, including components, textures, and structures of
the rocks. It is of importance to study the mechanical properties of clastic rocks for energy
industry , because oil and gas, as well as coal, are situated in these rocks. Until now, most
research on the microstructure of the rock and its deformation and strength behaviors mainly
focuses on granites and other hard rocks. Therefore, relations between the sedimentary
characteristics and mechanical properties of clastic rocks need to be addressed, particularly those of
soft rocks such as mudstone and shale.

PRI A 1R 02 P RO 32 BUGSE IR A ] R SRR B A 9 SR R 8 i S i i L 56k
SUHBARR T AR 2H A BORAUE A ST N DTV E I ATTRR IR . X REW)™ L i35 , HF 5T R
JB G B E SO+ B, DO Al A R IR L RSB AE T i s . B H AT N
1k, KT A RO TIOMASE A S AT 5 58 BE A 14 R 22 B 7 32 B8 v A 4B b 2 AILH: Al A 1
a0 ke I, BIEE Rl R BIUe S | TUE S HOE I TUBVRAE Ay 22 R 2 8] 1) 56 RO
fife DR ) [

(2) To say that shale is the product of mechanical accumulation of small clastic fragments in a

manner similar to the formation of sandstone is not completely accurate. Shale materials are often
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stable end-stage weathering products derived from unstable clay-forming minerals. Because they
are stable, they no longer respond to chemical breakdown. Clay minerals can be carried in
chemically stable suspensions and colloids and will be deposited by chemical or electrolytic
differences in the waters in the depositional areas. In this way, the mode of clay mineral transport
is different from the simple mechanical process of moving chemically inert grains from origin to
place of deposition.

TR/ IR S B L A5 T B 5 2 (oA i) 5 AT UBRAR R TSR ™ 1) , IX R IR AN 58 4 i
o TERLIUA YRR AR A AR B -0 WA E A AR AL =1, RO BT TRRRE Y,
PR AN P Ak 2 A A R R L . B W T USSR AL 2 R M B iR AR i b, AR )5 o
Tk bl i AT I 22 S DU XK B LR T ok o 3XFE , B 07 Wiz S i AR UK ) T4k o
P P UL A U X 2 2 TR X 0 ] BB A

= Exercises =

I . Translate the following terms from Chinese to English or English to Chinese.

T mineral constituents
A2 (3 reservoir rock
AL original rock

(S chemical breakdown
Hb)Z e % source rock

II. Decide whether the following statements are true or false.

1. Clastic rocks are composed of clasts, which are fragments or grains of pre-existing rocks.

2. Chemical breakdown is usually the manner in which the clastic particles are derived from
the original rock.

3. Conglomerates contain textures and structures that can be described and photographed,
such as pebble shape, grain rounding, cross-bedding, ripple marks, and graded bedding.

4. Certain Ordovician sandstones of mid-continent area are some of the poorly sorted, poorly
rounded, graywacke developed anywhere in the world.

5. To say that shale is the product of mechanical accumulation of small clastic fragments in a
manner similar to the formation of sandstone is accurate enough.

Ill. Answer the following questions.

1. How can we make a complete description of clastic rocks?

2. How are clastic rocks classified according to the size of the fragments?

3. Why do sedimentary petrologists pay more attention to conglomerates and sandstones?

4. What are the mineral constituents and combinations of quartz sandstone?

5. Why do sandstones often occur as reservoir rocks?
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! Lesson 3 Components of Carbonate :

DTSSR S ST S S S IR S S S S S SIS SIS SIS Sl e S SiE S b S Sl S

Carbonate rocks make up about one-fifth to one-quarter of all sedimentary rocks in the
stratigraphic record. They occur in many Precambrian assemblages and in all geologic
systems from Cambrian to Quaternary. Both limestone and dolomite are well represented in
the stratigraphic record. Dolomite is the dominant carbonate rock in Precambrian and
Paleozoic sequences, whereas limestone is dominant in carbonate units of Mesozoic and
Cenozoic age.

Sandstones consist dominantly of various kinds of sand and silt-size silicate grains with
various amounts of fine, siliciclastic mud matrix and secondary cements, including carbonate
cements. The mineralogy of carbonate rocks is almost totally different from that of sandstones,
but many limestones resemble sandstones texturally in that they consist of various kinds of sand-
and silt-size carbonate grains and various amounts of fine lime mud matrix and carbonate
cements.

Although limestones commonly contain only one or two dominant minerals, in contrast to
sandstones, several distinct kinds of carbonate grains are recognized. Most of these grains are not
single crystals but are composite grains made up of large numbers of small calcite or aragonite
crystals. Folk (1962) proposed the term allochem to cover all of these organized carbonate
aggregates that make up the bulk of many limestones. Carbonate grains include both nonskeletal

grains (e. g. lithoclasts, ooids) and skeletal grains (fossil and fossil fragments).
Carbonate grains

Peloids are spherical, ovoid, or rod-shaped, mainly silt-sized carbonate grains that
commonly lack definite internal structure. They are generally dark gray to black owing to
contained organic material and may or may not have a thin, dark outer rim. The most common
size of peloids ranges from about 0. 05 to 0. 20 mm, although some are much larger. Peloids are
composed mainly of fine micrite 2 to 5 microns in size, but larger crystals may be present. They
are commonly well sorted and they may occur in clusters.

Coated grain is a general term used for all carbonate grains composed of a nucleus surrounded
by an enclosing layer or layers commonly called the cortex. Various kinds of coated grains are
recognized, largely on the basis of the structure of the cortex. Coated grains are divided into four
broad groups:

(1) Calcareous ooids are small, more or less spherical to oval carbonate particles, which are
characterized by the presence of concentric laminae that coat a nucleus. The nucleus may be a
skeletal fragment, peloid, smaller ooid, or even a siliciclastic grain such as a quartz grain. Most
ooids are sand- to silt-size particles. They range in size from about 0. 1 to more than 2 mm, with
0.5 to | mm being most common.

(2) Coated grains more irregular in shape than ooids, and with more irregular laminae, are



