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ABSTRACT

The third term of archaeological excavations carried out in the township of Foca, in Izmir province, Tu r-
key revealed what appears to be a pottery workshops and dumping grounds that a re capable of illuminating
the ceramic industry of the city, the pottery forms produced, and the chronologies of both. The discovery of
the Hellenistic Period Ceramic Workshop Sector near the Persian Cemetery Monument is particularly signi f-
icant because anphora production of the ancient city of Phocaea was previously unknown, even though
workshops and pottery dumps ranging from the Archaic to the Byzantine periods have been discovered at
various locations throughout the city center. During the 2001 excavation season, two rooms (referred to as
OAl phadé and oBetadé) and a clay basin |Ilying under the o
some with obvious defects, and a piece of a stamped handle. The amphora sherds and seeral soil samples
were subjected to various archaeometric analyses including petrography, and were thus characterized phy s-
ically and chemically. The Phocaean Chios amphoras have long and cylindrical neck, long and round -section
handles, conical body and a pointed base. This form is aiitable for the form of Chios amphoras which were
produced in 2nd century BC in terms of their typology. The other vessel types which are found in clay pool
of the workshop confirm this date. These convergent forms of evidence suggest that this structure was a pa-
tery workshop producing local Chios -style amphorae alongside quotidian wares. Within the archaeometrical
investigations, physical, petrographical and chemical properties of the samples were analysed by basic phys-
ical tests, thin section optical microscopy, and PED-XRF methods. The samples were groupped by using thin
section analysis in their matrix/agregate feature, type/distiribution/size of aggregate, porosity, clay type
and structure. The firing temperature of the samples might be the values between t he 800 and 95
clay type of the samples were mainly illite. Most of the samples had the brick particles in their aggregate
content. Both petrographical and chemical properties of the samples gave high competibility not only the
each other but dso to the local rock formation.
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INTRODUCTION

The third term of the archaeological excavations

at Phocaea have been proceeding since 1989 under

the direction of
regions of the city with promising results. Among
the important areas uncovered, pottery workshops
and their waste dumps have provided much of the
evidence for the production of ceramics and the va-
riety of their shapes from the city. Most remarkably,
the recent discovery of the Hellenistic Period ceramic
workshop near the Persian Cemetery Monument is
unique in that it illum inates previously unknown
aspects of amphorae production of the city.

Phocaea dominated maritime trade of the West-
ern Mediterranean from the end of the 7t century
BC until the Persian invasion in 546 BC (Bosch
Gimpera 1944, 5354). Phocaea had fallen under the
Persian soveeignty after 546 BC, but, nevertheless
they took part in lonian revolt that occured between
499494 BC and they been able to send only three
ships. This situation does not seem to affect their
economical prosperity by judging the continuous
mintage of the city (Alexandrapoulou 2011).

After the sea battle of Mycale in 479 BC, Persian
sovereignty over the city disappeared. From this
date, Phocaea joined the First Athenian League by
paying low annual tribute in 478/77 BC and had
continued being a member until 412 BC (Alexandr a-
poulou 2011). Phocaea had fallen under the Spartan
control until 394 BC when it was liberated by Ath e-
nian Admiral Conon, the victor of the sea battle of
Cnidus, which was a joint Athenian and Persian o p-

eration against the Spartans. Since 386 BC, after the

liberation from the Spartan dominance, Phocaea had
fallen under Persian control again with the Anta I-
chidas' Peace (Xenop. Hell., IV, 3; 1611).

Despite the lack of definite historical evidence,
Phocaea was liberated after Alexander's victory at
the Granicus River in 334 BC. Building of the theater
in the city at this time is a reflection of this situation.
After the death of Alexander the Great in 323 BC the
kingdom was divided by his generals. During this
time, Phocaea's economical conditionsdeclined more
and more and it has never risen again to its former
welfare.

After the battle of Ip sus in 301 BC, Phocaea has

fallen under the Lysimachus' Kingdom. After the
death of Lysimachus at Corupedium of Lydia in 281
BC, the city was subjugated by the Seleucid King-

KPirtof i n Dy & r

dom. In the Roman war made against the Antiochos
Il the Seleucid King in 191-190 BC, Phocaea sip-
ported the Seleucids. Therefore the Romans made an
alliance_with the Agalids poth on land and sea. Fi-
nally, t'r%edﬁ%ﬁlans afid’their alliance won this war
and they seized Phocaea. After the Peace of Apamea
in 188 BC, Phocaea was recognized as amdepend-
ent city under the suzerainty of Pergamon Kingdom.
This period was ended by the death of Attalos Il in
133 BC. He bequeathed his kingdom to Rome. in-
mediately after, Aristonicus who was alleged d e-
scented of the Attalid Dynasty, rebelled against the
Roman Hegemony in 132-129 BC. Phocaea also took
part in this rebellion which was stifled by the R o-
mans. With the mediation of Massalia, Phocaea
managed to avoid the disastrous retaliation of the
Roman Legions (Alexandropoulou 2011).

During the Roman time, Phocaea was a small
town just dealing with the ceramic production, but
its ports never lost their importance. Unfortunately,
we have no archaeological evidence to reveal the
historical data mentioned above yet, because the a-
cient city of Phocaea is lying under the modern town
of Fo-a. We have just an
that took place during the Persian invasion at the
city gate (¥2Ayi kit 1993,

The pottery workshop and its refuse dump di s-
cussed in this paper have an important place not
only for the ceramic production of the city but also
for the typology and chronological classification of
the ceramic forms of the Hellenistic and Roman pe-
riods at large. Despite the fact that Phocaea was an
important center of ceramic production, until rece nt-
ly there was little information available regarding
Hellenistic amphorae production, which has now
been somewhat rectified by the discovery of a ce-
ramic workshop near the Persian Cemetery Monu-
ment. Chian amphoras found in the archaic (Okan
2011, 3966) and classical sectors of Plocaea indicate
commercial transactions between the two cities, but
the workshop in question demonstrates that this i n-
teraction continued until the beginning of the Roman
period.

POTTERY WORKSHOP
(FO¢A)

Modern restoration and landscape works of the
Persian Cemetery Monument on behalf of the Yeni
Bagarasi Municipality revealed a workshop stru c-
ture approximately 110 m north -east of the cemetery
(Figsland2)( ¥zyi kit 2002,
covery of the building walls during the laying of w a-

IN  PHOCAEA

1Phocaea was ¢hgreatest naval power and dominated on maritime tra(iiér pipe next to the old Foca road north of the ceme-

in Western Mediterranean until 540 BC, but its supremacy of 150 years . . .
in Mediterranean was ebolished because Phocaea lost the battle of i%%’ attention was shifted towards this area. As the

which was made on the coast of Corsica towards the reealvias Walls extended beyond the original 5x3 m excavation

established by Carthaginian and Etruscian in 540 BC.fleet wagench, the size of the excavation area was expanded
established by Carthaginian and Etruscian in 540 BC.
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to 3 x 15 m, but was restricted on the southern end
because of the road (Fig 2). The main wall, about
11.30 m long and running east to west, is contiguous
to two walls descending steeply south that outline
two more rooms. The room on the west was desig-
nated as 0 Alapdhhe onRe omthe, east as
0Beta Roomod
all walls under the road indicates that the greater
part of the structure remains unexcavated towards
the lower end of the cemetery.
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Fig 1. The location of the Hellenistic w orkshop

Alpha Room

The majority of the room is still under the road,
but its visible width measures 4.75 m A scatter of
roof tiles uncovered near the floor that continue t o-
wards the bottom of the road may indicate that the
structure fell out of use due to the collapse of the
building (Fig 2).

71N
L/

Fig 2. The plan of the Hellenistic workshop

Beta Room

Located on the east side of Alpha Room, presum-
ably of similar dimensions, Beta Room revealed an
amphora found buried 40-50 cm in the earth floor
adjacent to the wall in the middle of the room (Fig 2).

Clay Basin

Arguably the most telling part of this complex is
the clay preparation basin and its contents. This ba-
sin, measuring 1.2 x 0.5 m, was dug into the earth
and paved with roof tiles (pan tiles) and square fl oor
tiles. It shares its northern wall with the workshop,

( ¥zyi kntinuatidnood 2gnd tBeavest and sbuihewalls are also furnished with

pan tiles (Fig 2). The base of the basin slopes about 8
cm in a north-south direction, and the average size
of a pan tile is 67 x 55 cm, while the square floor tiles
are about 48 cm. The pan tiles which belong to the
Hellenistic wor kshop have two long sides that are
perpendicularly rising. One of two narrow sides
forms a relief and the other one is bent downwards
(Figs 3a3b). The covering tiles are in the form of ga-
ble which is attributed to Corinth and have a thin
stage to hold the covering tiles on it. The similar ex-
amples of Phocaean tiles were found in an house-
The Rodiakis House at Corinth. The scholars who
excavated the Rodiakis House straigraphicly have
dated these tiles between the late 3rd century BC and

the first half of the 2nd century BC2 ( DARAOF | aEY

2009, 552553).

Fig 3. The pan and cover tiles of the workshop

The content of the basin includes numerous piec-
es of defective pottery and cinder, indicating that it

"~ was probably used as a dump for workshop waste at

some point late in its life. In addition to amphorae
fragments, numerous pieces from bowls and plates
were also found. A bronze coin with a female bust

2 This date is especially important, it confirms Ozyigit's views which are

about to date of the tiles of the workshop to the MiditHéenistic
Period; also see, Ozyigit 2002.
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(Nymphe or Kybele) loo king left, opposite a griffin
protome has been dated to 300100 BG. This date is
in accordance with the pan tile and floor tile forms,
which occur in the Middle Hellenistic period.

DEVELOPMENT OF CHIOS AMPHORAE

The island of Chios, prized for its quality wine in
antiquity, began producing amphorae as early as the
71 century BC and continued until around the 1 st
century BC. During this long period, due to the
change of economical conditions, Chios produced
different forms of amphoras to avoid losing its ec o-
nomical power in the Mediterranean basin. The ap-
pearance of these amphorae throughout that period
at various centers in the Mediterranean, Aegean, and
Black Seas such as Pergamon, Delos, Athens, and
Alexandria, suggests an enduring demand for this
product (Alkac 2011, 131).

The earliest form which is produced on the island
has distinctive features: cylindrical neck, bobbin
shaped body and ring base. It has white and thick
coat with painted vertical and horizontal bands. This
form had continued until the mi ddle of the 6th cen-
tury BC. After this time, Chios produced a brand
new form with bulbous neck which was shown on
didrachm and tetrobol coinages with a Sphinx as a
symbol of the city (Mattingly 1981, PI. 1b). The third
qguarter of the 5th century BC was a period of chang-
ing economical situations. In any event the evolution
of the Chios amphoras from bulbous-necked to
straight-necked can now be given with some confi-
dence in the late 430's BC (Mattingly 1981, PI. 1a).
This form was predecessor of the canonicalampho-
rae with long straight necked and tapering body
which were produced at the beginning of the 4th
century BC (Monsieur 1990, 237238.).

At the beginning of 4% century BC, Chian pro-
ducers replaced the characteristic swollen-neck con-
figur ation of their amphorae with a straight neck.
This new form had an outward turned, high rim, a
long, cylindrical neck with long, oval -sectioned han-
dles, and a triangular body with a distinctly cone -
shaped foot. The production of this form persisted
with only m inor changes until the 1st century BC (Fig
4). The use of this new form by wine producers of
Chios, instead of imitating the amphorae of such
cities as Cnidus and Rhodes, both of which pro-
duced superior wine, is regarded as a reflection of
their confidence in theirown produ ct i o n

3 This coin has not yet been published. Phocaea coins with Hermes

womands head side

300-100

on one

BC;

and g
see

105; Lawall 2002, 203, Figure 2). While the widest
part of the conical-bodied amphora with hollow base
that appeared in the 4th century BC was located
about midway along
tury BC the lower part of t he body became more
elongated (Empereur-Hesnard 1987, 22; Senol 2007,
105.). This asymmaérical form continued in use until
the beginning of 31 century BC when the foot be-
came more narrow and extended.

Fig 4. The development of the Chios style amphoras through the
Hellenistic period ( doanakhov 2003, 243, Tab. 13.)

The interior of the foot remained hollow until the
middle of the 31 century BC, but the rims became
thinner compared with the 4t century style. The
handles were made in a round in profile from the 4 th
century BC to the mid-3d, at which point they
evolved into a carinated in profile (Grace 1979, Fig-
ure 46-47). During the war between Antiochus Ill,
the King of Seleucia, and the Romans at the begn-
ning of 2nd century BC, Chios hosted the Roman Na-
vy at its home port. At the conclusion of the conflict,
which ended with the peace agreement of Apameia/

( L e nkipptos 3nglgs; BC, Chios, enjoying the benefits of

being a free city in alliance with the Romans, re-
claimed its territories in Asia Minor and was exempt

ftofh axation, (L-agos £998,,3233)- This in tym Ied to,

an accelerated wine and amphora production. The

www.forumancientcoins.com/gallery/displayimage.php?album=2599&hian amphorae produced during this p eriod have

0s=28

narrower and rounder rims with smaller diameters;

www.numismatics.0rg/search/resuIts’?q=department_facet%3A%ZZGr% . . .
ek%22%20AND%20region_facet%3A%22lonia%22AND%20Phocaed € Necks became cylindrical and elongated, while

&start=40.
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the handles became round in section and carinated
in profile. Starting from the middle of the century,
the handles became mae truncated and their upper
ends were attached between the rim and the mid-
point of the neck (Lenol
century, as the form of the 4%-century jar begins to
lose its sharpness, its hollow and conical base with a
delineated toe transforms into a solid, thin, and
pointed shape that forms an extension of the body.
During the 1st century BC, Chios allied with Mithr i-
dates VI, the King of Pontos, and was severely pun-
ished by Rome for being on the losing side, which
led to a decline in amphorae and wine production on
the island. Why Chios sided against the Romans is

not known, but one Vi ewt-.i

ants became agtated by the increased number of
Romans claiming the financial resources of the is-
land after the war against Antiochus Ill (Lagos 1998,
36-38.).

At the beginning of the Hellenistic Period, even
though wealthy cities such as Pergamon, Delos, Ath-
ens, and Alexandria had preferred Chian wine pr e-
viously, the extremely limited quantity or complete
absence of Chian amghorae in the strata in these ci-
ies dated after the middle of 1st century BC corrobo-

to discard large quantities of pottery. Excavators
found nearly 250 amphorae fragments within the
basin that clearly demonstrate the nature of the Chi-
os-style amphora produced in Phocaea.

2 Brdmtthe pidc@stecavereD in thectaybadintofethe s a me
workshop so far, it is deduced that the amphorae
produced in this complex have rounded outward -
rolled rims, and a long and cylindrical neck that
bulges outward slightly just below the rim (Fig 5).

Fig 5. Amphora rim and neck fragments found in clay basin of the
workshop

Based on the handle and upperneck fragments
recovered from the clay basin, the handles were not

rates the dwindling Chi afa,nldRf theGih B efliden theltit Krfdl mid -

2011, 131). However, even though the production
was interrupted, Chios continued to issue coins with
amphorae as a symbol of the city in the 1st century
BC (Grace 1979, Figure 51).

By the 1st century BC, Chian amphorae had a
very particular form that can be dated precisely u s-
ing two i mportant contexts. One of these is provided
by a stratum dated to 86 BC in the Agora of Athens
(Grace 1979, Figure 36, 47), and the other by the La

Tradel i r e ShistpentuneBCkourm off t h e

Cannes, France (FioriJoncheray 1975, 61). The Chian
amphorae recovered in both contexts are very simi-
lar to each other in terms of form and dimensions;
the short handle extending from the neck; smooth,
straight transition from the upper body to the lower
body; and a solid, thin, conical foot comprise unmi s-
takable characteristics of this style. These finds indi-
cate that Chios continued its amphora production

unt il the beginning of iFAug!

dence of continued production comes from a limited
number of late Chian amphorae discovered at Lyon
and St. Romaine en Gal settlements of France (k-

ma“ tre 2002, 217) . Moreover

of these Rhone Valley amphorae has implications for
changing trade routes (Senol et al. 2009, 112).

Phocaea Production of Chios -Style Amphorae
During the late stage of production in the wor k-

shop, the clay basin, originally for levigating and

preparing the clay for pottery production, was used

point of the neck, more like the examples produced
at the beginning of the 2d century BC, and protrude
upward slightly before turning in a tight angle t o-
ward the shoulder (Fig 6).

Fig 6. Phocaean handle samples found in clay kasin

Mediterranean Archaeology and Archaeometry, Vol. 15, No 3, (2015), pp.259-276
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All handles are round in cross-section (Fig 6), a foot took one of two forms, either tall and thin, or

feature that occurs from the beginning of 2nd century
BC (Lenol 2007, 107).
belong to the shoulder junction of the amphora, and
their form suggests that PhocaeanChian amphorae
had lost the sharpness of the 4" century BC form and
attained a slight ovoid shape (Fig 7).

N

Fig 7. Shoulder fragments and drawings of the Phocaean ampho-
ras

S5cm.

Fig 8. The lower parts of the Phocaean body

Although minimal in number, some mid -body
sherds were also found, that suggest a smooth tran-
sition from neck to shoulder, but a sharp one from
shoulder to body. The base sherds indicate that the

squat (Fig 8). The transition from the hollow to a sol-

Mo sid foobid knotvinte ocaumirptiee middlecofithe 3 &' ber-r d s

tury BC, as outlined above, and by the beginning of
2nd century BC, the base cavity is completely filled
and the toe assumes a
106-107). Therefore, the Phocaea samples with sharp,
solid, and thin conical bases must have been pio-

duced between the end of 39 and the beginning of

2nd century BC.

Other Vessel Types Found in the Clay Basin in the
Hellenistic Workshop

Besides amphoras, many different vessel types
were uncovered from the clay basin of the Helleni s-
tic pottery workshop at Phocaea. These vessels help
us to date the workshop as well as showing its pro-
duction pote ntial. The form of the vessels found in
the basin are as follows:

Chytrae

In the Hellenistic Period, especially in the Roman
Period, the Chytrae were one of the most commonly
used kitchen wares. The Chytrae that are similar to
the modern stewpots usually have globular bodies,
and, in the meanwhile it has been used for a long
time in the Ancient Greek World (Rotroff 2006, 165).
As chytrae is produced in many different forms, it is
difficult to provide a satisfacto ry classification
scheme. The chytrae found in the Athenian Agora
were divided into four groups by Rotroff according
to their characteristics (Rotroff 2006). These groups
are:

Form 1- one handled, lipless

Form 2/3 - one and ornamented handle
Form 5/6 - double handles, with lip.
Form 10- Double handled, lipless.

When we examine the chytra examples found in
the clay basin of the workshop at Phocaea, we can
say that the single and double handled examples
were produced together. The cythra form in Fig 9a is
attributed to the Rotroff's Form1. In Fig 9a, a part of
its handle can be seen. A similar example found in
the Athenian Agora G 5:3 deposit was dated be-
tween 170-130 BC (Rotroff 2006, Figure 72, pl. 61).

The other ctyhra in Fig 9b is attributed to the
Rotroff's form 10 due to the large rim diameter (19.2
cm). Some of the similar examples were found in the
contexts in Athenian Agora dated between 200-150
BC(Rotroff 2006, Cat. Nr. 626627, Figure 80, pl. 66;
cat. Nr. 628629, Figure 81, pl. 67.). Fig 9c is a fuhter
example that could be included in Form 10. It dates
between 160130 BC according to a similar example
found in the Athenian Agora H 16:4 (Group D) d e-
posit.
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1 i i

C

Fig 9. Chytrai forms that are found with amphora from the clay
basin

Lopades
The lopades that are shallow version of the
Chytrae were produced from second half of the 5th

century BC (SparkesTalcott 1970, 227). Lopades

were more commonly used than the chytrae in the
Hellenistic Period (Rotroff 2006, 179.). The lopades
that are uncovered in the Athenian Agora were di-
vided into 5 forms by Rotroff (Rotroff 2006, 178-186).
These forms are:
Form 1- Upturned handles -rounded bottom
Form 2- Upturned handles -flat bottom
Form 3- Engaged handlesflat bottom
Form 4- Straight sided-two handles
Form 5- Straight-sided, no handles

In the clay basin at Phocaea, a single sample with
a solid profile should have belong to the Form 5 of
Athenian Agora due to the similarity in their forms
(Fig 10). On the other hand, Form 4 contains the
handled examples, but there is no trace about han-
dles on Fig 10, so that, Fig 10 will be appropriate to
Form 5. This group was dated between 156110 BCE
with the help of the contexts in the Athenian Agora

(Rotroff 2006, 669671, Figure 85, pl. 69). But, the
Phocaean exanple, when compared with the other
vessel types in terms of their dates, must not be later

than 150 BC.
A —_——

Fig 10. Lopas form which is found with amphora sherds in clay
basin

Echinus Bowls

The name of this type comes from the echinus
part of the Doric capitals (Edwards 1975, 29). Rim
diameters of such a vessel ranging from 10 cm to 28
cm and it stands on a ring base with a shallow hol-
low. Echinus bowl samples are found in the basin at
Phocaea have the same profile but a different diame-
ter (Fig 11). The similar examples that are found in
Corinth (Edwards 1975, 17-18) and Metropolis
(Ge¢r |l er -18 @I0OX3V,) ard dated between first
half of the second century BC. But Phocaean echinus
bowls must be dated to the second half of the 2nd
century BC due to their context.

\ [

S
C T

Fig 11. Echinus bowls that are found with amph ora sherds in clay
basin

MATERIAL CHARACTERISTICS OF THE A M-
PHORAE

Archaeometric analyses of the fabric of these an-
phorae, provides additional important i nformation
about the raw material sources, types of production,

Mediterranean Archaeology and Archaeometry, Vol. 15, No 3, (2015), pp.259-276
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the firing technologies, and workshop characteristics  of processes from the procurement of clay to the fir-
(Akyol et al. 2013 (a), 251269; Akyol et al. 2013 (b), ing of the final product. Sherds and clay samples
163-177; Akyol et al. 2007,991 1 4 ; Ay g ¢ n avhoseaphysical? pettofraphic, and chemical charac-
411-429; Demirci et al. 1999, 1411 4 8 ; T e k k %ekistice are iavestigated, are taken from a stream
2009, 101121.). Distinctive local or regional qualities bed about 50 m to the west of the workshop (Fig 12).
of individual ceramic workshops arise from a variety

o |ei e ni e 4

9 8 .
IFA-B1 IFA-B2 IFA-B3 IFA-B4 IFA-B5 IFA -R6
° . o . ° o
IFA-B7 IFA-B8 IFA-B9 IFA-B10 IFA-B11 IFA-B12
'0 ' ‘0 IO . '0
IFA-B13 IFA-B14 IFA-B15 IFA-B16 IFA-B17 IFA-B18
diai @i pi af
o ° o o o o
IFA-B19 IFA-B20 IFA-B21 IFA-B22 IFA-B23 IFA-B24
) ‘s § ® e .
IFA-B25 IFA-B26 IFA-B27 IFA-B28 IFA-B29 IFA-B30
‘s ‘s § ° )
IFA-B31 IFA-B32 IFA-B33 IFA-B34 IFA-B35
, s e . .
IFA-D1 IFA-D2 IFA-D3 IFA-D4 IFA-D5 IFA-D6

Fig 12. Amphora and soil samples analised from Phocaea from the Hellenistic workshop clay reservoir

First, the samples were visually evaluated and portable colorim eter (Chroma Meter) using ColorQA
clasdfied based on their physical characteristics, cd- Pro System Il program. The CEIl L*a*b* (Commis-
or, and thickness (Table 1). The fabric and soil te- sionInternat i onal e de LG6Ec!| as-rage)
ture of the amphora sherds were defined with a tem is one of the most detailed and universal stand-
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ard color systems for documentation (Ohno 2007). nie
The values are as follows: (L) represents the ligh-
ness/darkness value of the color; (+a) the intensity
of red in the cdor; (-a) the intensity of green in the roen | /06
color; (+b) the intensity of yellow in the color; and ( - Bi? ™ Fea
b) the intensity of blue in the color (Table 1 and Fig
13).

2y

Fig 13. CEI L*a*b color system

IFA-B6 IFA-B7 IFA-B8 IFA-B9 IFA-B10

IFA-B11 IFA-B12 IFA-B13 IFA-B14 IFA-B15
IFA-B16 IFA-B17 IFA-B18 IFA-B19 IFA-B20

IFA-B21 IFA-B22 IFA-B23 IFA-B24 IFA-B25

Fig 14. Thin section optical
microscope micro-

photographs of the Phocean
amphora samples.

Tuig s

IFA-B26 IFA-B27 IFA-B28 IFA-B29 IFA-B30

IFA-B31 IFA-B32 IFA-B33 IFA-B34 IFA-B35
In the examination of mineral phases and textural analyses. There are two mutually supporting aspects
structure of the samples, thin section play an im- of the thin sections, namely, identification of the co n-
portant role. Observations on thin sections are a- stituents and observation of morphology. Morph o-
ways most meaningful when correlated with other logical investigations can stand alone, but they are
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