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A Metrological Survey of Ptolemaic Bronze Coins

DANIEL WOLF*

Analysis of many Ptolemaic bronze coins clarified relationships between their
weights and values during the reigns of Ptolemy I-IV. Two aggregate bronze
weight standards came to light for time periods before and after a coinage re-
form c. 265-260 BC. Analyses of the new empirical data showed that previous
theoretical Ptolemaic bronze weight standards were incorrect. Large samples
gave more confident estimates for the weight standards, the relationship be-
tween them, and the value structures of denomination series. The data also
revealed some previously unrecognized denominations. The analyses pro-
vided reliable mean weight values for many coin types to replace conflated
approximations found in preceding literature. Statistical and graphical com-
parisons of data for individual types and value series showed that post-reform
minting technology permitted weight-to-value relationships that were highly
conserved and faithfully executed for half a century at Alexandria and pro-
vincial mints.

Bronze coins of the Ptolemaic empire comprise numerous and varied types that
were most completely catalogued by J. N. Svoronos." Within the framework of the
types and catalogue entries enumerated by Svoronos and subsequent scholars,”

* ptolemy@megagem.com.
1 Svoronos 1904-1908. References to Svoronos’s catalogue types are abbreviated: e.g. Sv

965 for Svoronos catalogue number 965.
2 Kromann and Moerkholm 1978; Weiser 1995; Pitchfork 2000; Noeske 2000.
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50 DANIEL WOLF

the study of values and denominations for Ptolemaic bronze coinage has always
faced a refractory conundrum. Some Ptolemaic bronze coin types with unique
combinations of design and controls, e.g. Sv 412, vary in weight. Sv 412 is listed
in Svoronos’s catalogue from 74 g to 105 g. Its magnitude and design uniqueness
imply it nevertheless expresses one denomination (value). Other types catalogued
as separate denominations are less easily distinguished because they share
identical designs (e.g. Sv 1005-1009) and/or controls (e.g. Sv 964-967). Different
size ranges and denominations were produced during different time periods. Prior
to ¢. 260 BC the maximum weight is about 16 g; thereafter up to about 100 g.

A METROLOGICAL APPROACH

Quantitative analysis of coin weights spanning a long period of time may clarify
relationships among Ptolemaic bronze coin values and sizes. Statistical tests might
distinguish types that differ only in size and weight and inform comparisons
of similarly-sized coins of different mints or time periods. Quantitative study
could apply to various measurable attributes: diameter, weight, thickness, alloy
composition. This survey focuses solely on weight because it is easy to measure
(unlike alloy composition), unequivocal, and verifiable within the small range of
error of weighing instruments.’

The purpose of this survey is to examine enough recorded specimen weights
to address three goals:

1. Obtain confident weight distributions and statistics (e.g. mean, range, etc.)
for unambiguously specific types (e.g. Sv 412) and apply statistical compari-
sons to types potentially conflated by similarity of design and controls (e.g.
Sv 964 vs. Sv 965).

2. [lluminate a larger context of weight standards by comparing individual
types and denominations across different emission series, mints, and time
periods. A weight standard implies that weight ratios are uniformly related
to monetary value (denomination) ratios, e.g. that if diobol coins weigh
twice as much as obols then obols also weigh twice as much as hemiobols,
that there is a unit of value with a specific weight. A goal of this survey is to
explore large numbers of specimens to learn confidently whether Ptolemaic
bronze coins, with large individual weight variation, do manifest weight
standards.

3. Address the questions of putative ideal weight raised by earlier scholars
and the fiduciary vs. intrinsic nature of Ptolemaic bronze coinage that is
obscured by their great variability.

3 For a recent metrological study of small Judaean bronze coins, also focused solely on
weights of many specimens for coin types that individually vary and for which diameter
measurement is likewise potentially equivocal, see Hendin 2009.
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PrRECEDENTS

The Ptolemaic bronze coin metrology begun by H. Brugsch (1889), nearly
contemporary with the first systematic catalogue of Ptolemaic coinage by R. S.
Poole (1882), tabulated an almost bewildering volume of theoretical exchange
values calculated to a precision of five significant figures. He posited relationships
of pre-coinage Egyptian weight standards (e.g. magnitudes of mine, deben, kite,
etc.) to the Ptolemaic coin weights. Similar exchange theories of F. Hultsch (1903)
were even incorporated directly into Svoronos’s four-volume work of 1904-1908.
Hultsch calculated exchange values between bronze, silver, and gold coinage of
different ancient weight standards (Ptolemaic vs. Demotic or Phoenician, etc.). He
also proposed exact theoretical weights, namely a bronze drachm of 106.8 g (30
silver drachms) preceding the reform (c. 260 Bc) and 71.2 g (20 silver drachms)
after the reform. Both values presumed bronze coins weighed exact decimal
multiples of a 3.56 g Ptolemaic silver drachm. The early metrological work’s
importance is that it was contemporary to (even incorporated within) other early
studies of Ptolemaic coins. Its weakness is that the little empirical data Hultsch
cites is relegated to footnotes. While many attributions of the pioneering scholars
have improved in light of modern discoveries the early theoretical bronze coin
weight standards remain largely untested.

In 1988, V. Van Driessche presented a modern empirical Ptolemaic coin
metrology, albeit partly within the context of Hultsch’s theoretical constructs.
She demonstrated the problem of large bronze coin weight ranges and the
unsatisfactory state of Ptolemaic bronze coin metrology compared to better-
studied precious metal coinage. Her histograms and sample modes are based on
the weights of many coins and results differ from Hultsch’s predictions, yet her
important paper does not fully break with his ideas to place Ptolemaic bronze
metrology on a strictly empirical footing.

Wolfram Weiser (1995) also reprised, without reference or quantitative justi-
fication, Hultsch’s 30- and 20-drachm weight standards (106.8 and 71.2 g). Lorber
(2000, 2005) gave convenient estimates and ratios of ideal weights for specific
denominations and types based on Van Driessche’s ideal denominational weight
tables.

Catalogues and Ptolemaic coin references prior to Weiser’s largely expressed
bronze coin denominations as size or weight ‘modules’ without monetary values
(e.g. drachm, hemidrachm, etc.). Svoronos gave alphabetic denomination lists in
order of decreasing diameter despite lacking data for individual coin diameters.
Van Driessche enumerated denominations in order of decreasing ideal weights.
Weiser gave two monetary values for each type: drachm, obol, etc., and another
value in decimal units.

Most recently, Picard and Faucher (2012) assigned a monetary value system
to Ptolemaic bronzes, largely adopted here. This study expands on the empirical
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metrology of Van Driessche, for more types over a longer period to show relation-
ships among Ptolemaic bronze coins within contemporary series (horizontally)
and across different series, times, and locations (vertically).

Type DeFINITIONS, GROUPING AND METHODOLOGICAL
LimiTaTIONS

Coin types and series here are largely as defined by Svoronos’s catalogue, refined
and improved by Lorber (forthcoming). Picard and Faucher (2012) have proposed
a modern organization of Ptolemaic bronze coins into series of related types with
denomination values. Aggregation of comparable denomination coin types from
those various series are mostly according to shared design elements and other
subordinate features (e.g. controls, mint marks, regnal symbols, etc.). For example,
Svoronos 562, 582, 602, and 625 were grouped (Series 2H ) because they differ
only in secondary controls. Each catalogued type is listed individually for clarity.
Subjectivity of some aggregations and comparisons is acknowledged and others
may explore alternatives because all the data used here are freely available. A few
specimens are not from published catalogues or reference books and grouped based
on my best judgement. This survey includes Ptolemaic coinage produced from
c. 305 to ¢. 205 BC. A major reform of the Ptolemaic monetary system, especially
for the bronze coins, took place about 260 BcC and is widely recognized in the
scholarship of Ptolemaic coinage.* This study includes the period preceding c. 260
BC, referred to as ‘pre-reform. The subsequent period is called ‘post-reform’

DATA AND SOURCES

A total of 1,582 pre-reform and 4,036 post-reform coin weights are organized
in digital databases from traceable sources. About half are from institutional
collections and reference catalogues (e.g. Svoronos, Danish National Museum,
British Museum, American Numismatic Society) and half from published hoard
finds, private collections, and traceable commercial sale and auction records.
The metrology of the coinage of Ptolemy Philadelphus minted in Sicily has been
published elsewhere.’

Data QuaLriTy AND PrECISION

Most types are accepted as identified and weights as stated in their source
publications without photographic or physical verification. For Svoronos’s
catalogue and the ANS collection database many cannot be photographically
verified. Care was taken to avoid duplication or repetition of data. Sometimes
Svoronos or other catalogue specimens are duplicated in other publications (e.g.
Svoronos includes some coins also listed in other collections such as those of
the Danish National Museum and the British Museum). Most commercial sale

4 Lorber 2012.
5 Wolf and Lorber 2011.
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and auction records used here are from 2000-2013 to avoid recording coins that
may have appeared in commerce more than once. Almost all coin data are from
traceable sources.

The British Museum provided a modern database with more recent and
accurate weight records (in grams) than were published by Poole (measured in
grains). Some of their data were directly verified. Precision of weighing varies
for different sources, with values usually reported in one hundredths (0.01) of a
gram but in some cases either in tenths (0.1) or thousandths (0.001) of a gram.
Manual data entry was performed cautiously but errors of transcription cannot be
excluded. Corrections are solicited.

Small measurement or typographical errors in published reports probably
have negligible effect for large samples from many sources. Many data from many
sources may best produce convincing average coin weights and comparisons. All
data for this study are freely available so that opportunities for corrections and
alternate interpretations are open to others.

APPROXIMATE TYPE IDENTIFICATIONS

Some coins are recorded with the notation ‘cf’ that have a close resemblance to, but
cannot be precisely identified with, a single Svoronos catalogue number. This may
be due to wear or strike quality making a control symbol unreadable. Sometimes a
design or legend variation excludes exact identification despite similarity to a spe-
cific catalogue-numbered type. These approximations are noted in the databases
and are included in groupings or aggregations where that is justifiable, even if the
specific catalogue-numbered type cannot be recognized. It is only important that a
coin belongs to the group, irrespective of its exact catalogue number, when averag-
ing weights of related types.

Broken, severely damaged (e.g. holed), or badly corroded coins cannot
contribute useful quantitative information and were excluded. Weights that seem
low or high were not, per se, grounds to exclude recognizable coins or coins listed
in scholarly publications. A uniform method was applied to exclude outliers’
(extremely high or low values) from comparisons but ‘outlier’ coin weights are
not excluded, per se, from the database.® Large weight ranges are actually one
rationale for these analyses. Potentially conflation of types sharing similar designs,
that differ only in size and weight, is another rationale for statistical analysis that
may better clarify relationships.

Groups oF RELaTeEDp Coin TypEs

Tables 1, 2, 3, and 4 (see Appendix 1) present the data for individually catalogued
coin types as well as grouped summaries for relevant combinations. Table 1 covers
Series 1 and 2, Table 2 covers Series 3, Table 3 covers Series 4, and Table 4 covers

6 Tukey’s criterion identifies outliers as those data more than 1.5 times the interquartile
range above the third quartile or below the first quartile, respectively.
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Series 5. Each coin type is represented by a row with twelve columns:

1. Svoronos catalogue number
2. Series and sub-series identification code
3. Value (denomination in chalkoi)
4. Number of specimens confidently identified for the specific catalogue
number
5. Mean weight
6. Standard deviation
7. Gaussian distribution fit estimate (see Appendix 1)
8. Number of additional approximate-identification (‘cf’) specimens
9. Number of ‘outliers’ (according to Tukey criterion, see Appendix 1)
10. Adjusted number of specimens (including ‘cf” and excluding outliers) for
grouped totals
11. Mean weight of specimens as adjusted to include ‘cf” and exclude outliers
for grouped totals
12. Gaussian distribution for the adjusted specimens (see Appendix 1) for
grouped totals

13. Calculated mean unit (chalkous) weight for the adjusted group of specimens
(adjusted mean divided by the number of chalkoi) for grouped totals

Rows in bold type are aggregate totals for each denomination in a series or
sub-series. Most rows for totals (bold type) aggregate multiple catalogue types of a
single denomination for a particular series. Occasionally only individual catalogue
types exist for certain denominations so those aggregate (bold type) rows reflect
only that one catalog type. A few catalog types are not included here because there
are no available recorded weights of even a single specimen.

A. Pre-RerorM COINAGE

Table 1 includes the individual type and group summaries for weight data of Series
1 and 2, the coinage preceding the coinage reform of ¢. 260 Bc. We can address
weight standards best after learning how the groups, identified by numismatic
criteria, are related according to weight.

Alexandria issues are subdivided based on control configurations and shared
designs. The Alexandria issues of Series 1-2C comprise only small coins and two
obverse portraits while Series 2D introduced new larger sizes and new designs.
Nomenclature here is largely based on that of Picard and Faucher (2012) with a
few additional divisions of Alexandrian Series 2D (2E-2H).

Series 1 through 2C

Alexandrian one-chalkous types occur in Series 1 and Series 2C. Their mean
weights are (excluding one outlier specimen) 0.987 and 0.957 g, a difference of
about 3%, suggesting they are similar. Graph 1 box-plots (see Appendix 2) also



A Metrological Survey of Ptolemaic Bronze Coinage 55

1.4 —
- 6
1.2 r
— B ~ 5
w v
E s2C S -‘V
5 1.0 - 5 5 O+ s2C
‘: S! pes :’ 23 pcs
,;b:‘) L 50 pcs ,.so s
o = 4 =
§ g Il pcs
$ - I _ J
- s
6 =

Graph 1. Box plot comparison of Series 1 Graph 2. Box plot comparison of Series 1
and Series 2C one-chalkous groups. and Series 2C hemiobol groups.

show the weight ranges. Chalkoi of Series 1 and 2C share weight properties which
may exemplify systematic chalkous production in both coinages. The overall mean
weight of all 65 one-chalkous specimens taken together is 0.964, a first step toward
estimating a weight standard. Statistical comparison test results (Mann-Whitney
U test and Kolmogorov-Smirnov test) for Series 1, 2A, 2B, and 2C are summarized
in Table 5.

Table 5. Series 1-2C weight distribution comparisons.

Size Series (#) KSTest  UTest 2-tailed
Chalkous 1 (50) and 2C (15) 0.809 0.63 similar*
Hemiobol 1 (11) and 2A(44) 0.576 0.40 similar*
Hemiobol 1+2A+2C (77) and 2B (83)  0.000 0.00 different

*Values over 0.05 indicate similarity.

The larger coins of the same two series may be compared in a similar fashion.
The mean values are 4.073 and 4.368, their box plots shown in Graph 2. Comparison
tests show the distributions are similar, like the corresponding one-chalkous types.

To visualize all the data values (outliers excluded) of Series 1 and 2C we plot
weights (grams) on the Y-axis against denominations (chalkoi) on the X-axis. The
least-squares (regression) method generates a best estimate linear equation for all
the data values. Its slope (grams per chalkous) estimates a weight standard that fits
all the plotted data. In this case applying the least squares method to 99 data of
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Graph 3. Kolmogorov-Smirnov test percentile graph comparison of Series 1, 2A, and 2C
hemiobols (left) and Series 2B pentachalka (right).

Series 1 and 2C together (65 chalkoi and 34 hemiobols) yields a best-fit line with
slope of 1.10 g per chalkous.

Hemiobols of Series 2A are also comparable to those of Series 1. A combined
regression plot for all coin weights of Series 1, 2A, and 2C (a single 6.4 g outlier
excluded) is shown in Graph 4 (below) with a slope of 1.02 g per chalkous.

Series 2B stands out with a mean weight of 5.137 g, about 25% greater than
hemiobols of Series 1, 2A, and 2C (4.06 g). Percentile plots of both groups,
showing distinct and uniform separation, are seen together in Graph 3. Although
major design elements are shared among all four groups, Series 2B coins with the
aphlaston mark are heavier and those groups clearly differ.

Series 2B coins differ from the hemiobol data sets. They are:

a. either hemiobols with a weight approximately 25% greater (for no apparent
reason) than the other six data sets of Series 1, 2A, and 2C

b. or a different denomination, perhaps 5-chalkoi (pentachalkon)

Only the second hypothesis (b.) can be tested. Graph 4 is a regression plot for all
the data of Series 1, 2A, 2B, and 2C treating 2B coins as 5 chalkous. Its slope of 1.040
is approximately the same as the previous regression plot slopes. Given the fairly
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Graph 4. Series 1-2C regression plot.

large sample for Series 2B (83 specimens) it is difficult to avoid the conclusion that
these coins represent a pentachalkon denomination.

That Series 2B metrologically indicates a pentachalkon denomination does not
speak to its meaning and Svoronos, noting early hemiobols of 17 and 22 mm,
did not propose a pentachalkon denomination. Hultsch (1903: 19) mentions a
pentachalkon symbol without identifying a coin type for that value. This evidence
for a pentachalkon is persuasive because it includes several catalogued types all
with the aphlaston mark and a fairly large sample size. The ratio of mean weights
between 2B coins and related coins that lack the aphlaston mark is also very nearly
5:4. Potential identification of a pentachalkon denomination is metrologically
justified, novel, and merits further study.

Overall we note a range of unit weights of groups in Series 1, 24, 2B, and
2C from 0.957 to 1.027 g per chalkous and the combined regression (Graph 4)
suggests a unit weight of 1.040 g per chalkous.
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Graph 5. Alexandrian Series 1-2H regression plot.

Series 2D—2H

Series 2D-2H have more designs, larger denominations, and many more
catalogued types (distinguished by many control symbols) than Series 1 through
2C. Series 2D-2H also are abundantly represented, about 40% of the entire data set
of pre-reform coins. The majority of those (about 550) are laureate Zeus diobols
that are segregated by configurations of controls and symbols on the reverses into
seven sub-series: 2D1, 2Dii, 2Diii, 2E, 2F, 2G, and 2H.

Smaller denominations of Series 2D, found only in Sub-series 2Di, are
difficult to interpret. Sv 238 and 239 share a single design with overlapping weight
distributions, yet they are recorded as dichalkon and hemiobol denominations.
This ambiguity is magnified by a hitherto uncatalogued type sharing their
H monogram but with a portrait of short-haired Alexander, recorded as a
single chalkous denomination, but with weights similar to Sv 238 and 239. The
denominations of Sv 238, 239, and the short-hair type are unclear and, while
they will benefit from additional analysis, they are excluded from this discussion.
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The larger denomination bearing the portrait of Ptolemy I, putative triobols of
Series 2D, are so few and so inconsistent that they also cannot contribute to this
metrological analysis.

Diobols dominate the Series 2D-2H data; the seven sub-series having
mean weights from 14.3 to 16.0 g (~12% range). Sub-series 2Di, 2Dii, and 2Diii
share related controls and control configurations and, combined, are 249 values
(excluding two outliers) with mean weight of 15.71 g. A second large group of
diobols is sub-series 2F, comprising 179 specimens (excluding four outliers) with
mean weight of 15.77 g. These two largest diobol groups are similar (U-test P>o.50,
KS P=0.586), implying uniformity for a large majority of Series 2D-2H diobols.
The mean weight of this combined majority of Series 2D and 2F diobols (2Di, Dii,
Diii, and 2F) is 15.74 g or about 0.98 g per chalkous.

Sub-series 2H diobols, marked with the X monogram under the Galatian
shield, has the lowest sub-series mean weight, 14.3 g. This is about a 10% lower
mean weight compared to the majority of related coins and merits further study.
The difference is statistically significant but lies within the range of variation seen
in other pre-reform Ptolemaic bronzes. Its meaning is unclear but the reduced
weight compared to the preceding majority is large enough—based on over 100
specimens—to suggest additional research to understand the substantially lower
weight.

Sub-series 2E is only a single catalogued diobol type, Sv 550, represented here
by just 17 specimens, so its relatively low mean weight of 14.4 g is difficult to
interpret. Series 2E also includes a larger denomination (Sv 549) known by only
two specimens and therefore not helpful in this study. Sub-series 2G, with XI
below the shield, has mean weight of 14.98 g but is also associated with only two
catalogued types (Sv 554 and 564), represented here by only 11 specimens, making
its metrology difficult to interpret separately.

Only three of the seven diobol sub-groups also have obol denominations
in Series 2D-2H, ranging from 7.526 to 8.367 g mean weight. The 11% range is
similar to that observed for the corresponding diobols.

Graph 5 is a regression plot for 948 Alexandrian pre-reform bronzes (Series
1 through 2C and the obols and diobols of Series 2D-2H, outliers excluded) with
a slope (weight standard estimate) of 0.943 g per chalkous. Sub-series 2Di, 2Dii,
2Diii, and 2F comprise over 400 of those 948 data points. Another estimate is cal-
culated by dividing each coin’s weight by its denomination to obtain a mean ‘per
coin’ unit weight. The pre-reform Alexandria mean unit (one-chalkous) weight of
934 coins (28 outliers excluded) is 0.981 g.

Table 6 (below) presents some group summaries of pre-reform coins, the first
portion of which is the Series 1-2H coins of Alexandria presented above.
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Table 6. Summary of mean weights, ranges, confidence limits, and related
calculations for pre-reform Series and Sub-series (outliers removed) of at least 5
specimens. Outliers excluded, ‘cf” coins included.

Mint/Series Chalkous  Dichalkon ~Hemiobol Pentachalkon Obol  Diobol

Alexandrian Series

Alex 1 0.957 4.073

Alex 2A 3.902

Alex 2B 5.137

Alex 2C 0.987 4.368

Alex 2Di ? ? 8.368  15.39

Alex 2Dii 15.53

Alex 2Diii 16.00

Alex 2E 14.44

Alex 2F 7.998  15.77

Alex 2G 14.98

Alex 2H 7.526  14.31

Mean (coins) 0.964 — 4.033 5.137 8.277  15.43

# specimens 65 — 77 83 165 558

Gaussian 0.72 — 0.41 0.79 0.60 0.32

Minimum wt  0.500 2.32 3.670 5.460 11.20

Maximum wt  1.370 5.72 6.990 10.80 19.47

95% con. min  0.920 — 3.883 4.980 8.104 15.30

95% con. max 1.008 — 4.184 5.295 8.450 15.57

Mean g/ch 0.964 1.008 1.027 1.035 0.964
Non-Alexandrian Series

Byzantion 1.924

Cyprus 1.130 4.190 8.258

Cyrene 3.571

Magas 4.317 7-433

Ceraunus 4.026 7.785

Mint 22 7.315 13.32

Mint 26 7.627

Mint 7 1.140

Mint 9 8.214

Mint 10 7.836
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Tyre-Ptol I 3.846
Tyre-Ptol II 3.679
Mean (coins)  1.135 1.924 3.874 — 7.994  13.32
# specimens 18 61 138 — 295 16
Gaussian 0.94 0.69 0.48 — 0.60 0.54
Minimum wt  0.94 1.05 2.57 6.00 8.940
Maximum wt  1.31 3.08 5.13 10.10  17.70
95% con. min  1.077 1.806 3.782 7.897 12.16
95% con. max 1.193 2.042 3.966 8.001 14.48
Mean g/ch 1.135 0.962 0.969 0.999 0.833
Both Series
Mean (coins) 1.007 1.924 3.928 5.137 8.084 15.39
# Specimens 82 61 215 83 458 574
Gaussian Fit 0.86 0.69 0.29 0.79 0.08 0.26
Minimum wt  0.620 1.05 2.440 3.670 5.75 11.08
Maximum wt  1.370 3.08 5.326 6.990 10.42 19.47
95% con. min  0.9693 1.806 3.850 4.980 7.997 15.26
95% con. max  1.045 2.042 4.006 5.295 8.172  15.53
Mean g/ch 1.007 0.962 0.982 1.027 1.011 0.962

Series 2 Coinage of Other Mints

The remaining pre-reform types are associated with mints of Tyre, several
unknown mint locations in Thrace and Macedonia (issues of Ptolemy Ceraunus)
and Cyprus, as well as Cyrene, Byzantion, and Sicily.

With the exception of Mint 22” diobols’ very low mean weightof 13.32 g (0.83 g
per chalkous), these provincial mint unit weights range from 0.89 to 1.14 g, similar
to those of Alexandria.

Further analyses exclude data for a few types or groups with less than five
specimens. Those types are:

Cyrene, chalkous, Sv 72—4 coins
Ceraunus, dichalkon—1 coin

Cyrene, dichalkon, Sv 69—1 coin
Tyre, dichalkon, Sv 217—4 coins

Mint 9, chalkous—2 coins

7 Unknown and letter mint designations follow Lorber (forthcoming).
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Graph 6. Non-Alexandrian pre-reform regression plot.

The data are available for others but rarity and small sizes preclude a meaning-
ful contribution in this context.

Graph 6 is a regression fit for 528 non-Alexandrian pre-reform coins and has a
slope (estimated unit weight) of 0.921 g per chalkous, slightly lower than the slope
of 0.943 obtained (above) for Alexandrian types (Series 1 through 2D, Graph 5).
A regression plot for 1,473 pre-reform coins, Alexandrian and non-Alexandrian
issues taken together (Graph 7, below) has a slope of 0.949 g per chalkous.

The set of mean unit weights for all the individual non-Alexandrian coins is
529 values (22 outliers removed) with a mean of 0.989 g per chalkous, within 1%
of the corresponding figure of 0.981 for 934 Alexandrian coins. The distributions
are alike to a high degree of confidence (U test P > 0.5 KS Test P = 0.27). The two
distributions’ percentile graphs are shown together in Graph 8 (below). Large-
scale comparisons of unit weight distributions masking distinctions of type, mint,
denomination, etc. illustrate a simple similarity between Alexandrian and non-
Alexandrian coins.
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Graph 7. All pre-reform coins regression plot.

These large-scale comparisons show that the average metal amount corre-
sponding to one chalkous of value is approximately uniform over the range of de-
nominations and throughout the empire. A weight standard is suggested by simi-
larity of the regression graph slopes and the per coin unit weight estimates over
many coinage series and a long period of time. Variation of mean denominational
weights and differences between weight and denomination ratios (e.g. Alexan-
drian diobols : obols ratio of about 1.85 rather than 2.0) suggests either a mod-
est imprecision or a seignorage for the largest value coins. Linear relations with
high correlations and the uniformity of the two large distributions of ‘per chalk-
ous’ weights shows these coinages systematically express a relationship between
value and metal content. The regressions and consolidated distributions suggest
together an estimate of about 0.96 g per chalkous.
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Graph 8. Kolmogorov-Smirnov test percentile graph comparison of Alexandrian Series 1
and 2 (left) and non-Alexandrian (right) unit weights.

B. PosT-RErForM COINAGE
Series 3

This earliest post-reform bronze coinage includes the first impressively large and
heavy coins, as well as other new denominations, and expresses a new weight
standard. There are also clear contributions from three provincial mints and some
coin denominations from multiple mints sharing almost precisely congruent
designs. Alexandrian issues span seven denominations.® The largest are valued
by Picard and Faucher as drachm and tetrobol. They bear a new Zeus Ammon
obverse while the diobol and obol reprise obverse designs from immediately before
the reform: Laureate Zeus and Alexander in elephant skin, respectively. Many
Alexandria issues also manifest the novel use of various control letters between the
eagle’s legs seen also on subsequent coin series (e.g. Series 4 and 5). The congruent-
design Alexandrian and non-Alexandrian issues (of three mints) allow unequivocal
comparisons, as the provincial issues also carry consistent secondary marks. Some
small denominations are only from Alexandria. The four largest denominations

8 Picard and Faucher (2012: 35) tabulate six denominations for Series 3; I treat all the largest
(c. 90 g) coins within Series 4, but add two further denominations unrecognized by them
(the dichalkon and hexachalkon). Hence Series 3 is defined here by seven denominations.
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Graph 9. Series 3 Alexandria regression plot.

are common to all four mints and like denominations are metrologically similar
(Appendix 1, Table 2).

The regression plot for all seven Alexandrian denominations (Graph 9, 610
coins) has a slope of 1.446 g per chalkous. The non-Alexandrian regression plot
(Graph 10 [below], 121 coins) slope is 1.428.

Graph 11 (below) shows percentile graphs of Alexandrian and non-
Alexandrian aggregated individual coin unit weight distributions and the KS test
for those distributions shows that they are alike (P = 0.26). Series 3 shows precise
allocation of bronze to the production of different denominations at all the mints.
Variations between Alexandrian and non-Alexandrian mean weights are within
about 5% for the denominations common to all four mints.

With observed drachm mean weight of 68.5 g, the expected and observed
weights of smaller sizes, and their ratios to the drachm, are in Table 7 (below).
Variability of individual coin weights conceals this nearly precisely proportional
relationship, an unmistakably close connection between mean weights and
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Graph 10. Series 3 non-Alexandrian regression plot.

denomination value. The production of these coins according to an aggregate
weight standard was precise and systematic.

Table 7. Expected and observed weights of Series 3.

Denomination  Expected weight Observed weight
Drachm 68.5 (1.000)
Tetrobol 45.6 (0.666 x68.5)  45.0 (0.657)
Diobol 22.8 (0.333x68.5) 21.8 (0.318)
Obol 11.4 (0.166 x68.5)  11.0 (0.161)

The smaller denominations are slightly lighter than expected for exact
proportionality to the drachm. The average calculated ‘per chalkous’ weight of all
Series 3 coins taken together (1.36 g) is likewise slightly less than the regression
graph slope because the fractions are slightly lighter than expected. This small
discrepancy from equality of weight ratios to denomination ratios can be checked
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Graph 11. Kolmogorov-Smirnov test percentile graph comparison of Series 3 Alexandrian
(smooth) and non-Alexandrian (dotted) unit weights.

in Series 4 and 5, below. It suggests a slightly larger fraction of metal wasted
(casting sprues, surface smoothing losses, etc.) in production of smaller sizes.
Another explanation for slightly lower-than-expected weights of the smaller sizes
might be that some production costs were fixed regardless of the coin size and
their recovery could affect smaller coin types more than large coins. The largest
coin is the most reliable basis for the aggregate weight standard of approximately
1.43 g per chalkous for Series 3 (68.5 g per drachm / 48 chalkoi per drachm).

The ratio of Series 3 unit weight (1.43) to Series 2 unit weight (0.96 for the
average of Series 2D diobols) is so nearly equal to the simple ratio of 1.5 to 1 that it
expresses a straightforward quantitative impact of the reform. The reform reduced
the value of bronze by one third (i.e. Series 3 obols are 50% heavier than Series 2
obols). The bronze devaluation increased bronze coinage cost to the Ptolemaic
treasury. A persuasive explanation for this large devaluation of bronze and vastly
increased coin weights is outside the scope of this survey.

SERIES 4

Most Series 4 coins were minted at Alexandria and those are the focus of this
discussion. Series 4 has no contribution from the three provincial mints (Tyre,
Mint 27, and Ake-Ptolemais) that issued Series 3 coins closely congruent to
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Alexandria’s Series 3 types. Small contributions to Series 4 are attributed to Ras Ibn
Hani, Kyrene, and a few rare types of Cyprus which are set aside for future study,
as their denominations and types are not clearly congruent to the Alexandrian
issues of Series 4. Alexandrian Series 4 spans seven denominations including the
largest Ptolemaic bronzes, octobols. While two rare octobol types have sometimes
been assigned with Series 3, they are treated here as Series 4 for consistency of
metrological interpretation. Table 3 of Appendix 1 summarizes the Alexandrian
issues of Series 4.

The middle fractions of Series 4 (tetrobol, diobol, and obol) are extended with
the same obverse designs from Series 3 and we can test if the weights of those de-
nominations also continue from Series 3 (Table 8).

Table 8. Middle fraction weight comparison between Series 3 and 4.

Denomination Series 3 Series 4 U-Test
Tetrobol 45.028 (54 coins) 44.472 (442 coins)  0.33 similar*
Diobol 21.877 (123 coins) 21.246 (11 coins) 0.25 similar*
Obol 10.804 (146 coins) 10.348 (89 coins) 0.01

*Values over 0.05 indicate similarity.

There is a small but significant difference between the obols of Series 3 and 4,
while the weights of tetrobols and diobols span both series. Series 3 and 4 share
one weight standard.

In addition to the huge octobols, Series 4 introduces another new denomination
between tetrobol and diobol, represented by Sv 1167 with A control and an issue
with E control that was listed only in the Addendum to Svoronos’s catalogue without
a separate catalogue number (given here, using Svoronos’s designation, as 974a).
This coin type (with E control) should not be confused with the very plentiful
tetrobol, Svg74. The type is described as a triobol (hemidrachm or 24 chalkoi) in
Picard and Faucher (2012: 44 and 46). Its 28.3 g mean weight, however, suggests its
value is equal to 20 chalkoi (an eikosichalkon or 2.5 obols) rather than a hemidrachm
(~ 33-34 g). Its mean weight (fifty specimens, one outlier removed) is much lower,
by about 15%, than expected for a hemidrachm.

A graphical ‘experiment’ sheds more light on the possibilities for this type,
namely hemidrachm or 20-chalkoi values. Regression plots of Series 4 show
this type positioned as hemidrachm and 20 chalkoi in Graphs 12 and 13 to help
visualize its value in context. Note the obviously correct graphical fit of the
20-chalkous value (Graph 13, below) in the full context of Series 4. Metrological
data alone persuasively identify this type as a previously unrecognized decimal
denomination.

An appealing explanation for the 2.5-obol denomination lies in documented
exchanges of bronze and silver. When payment was made using bronze for
transactions ordinarily specified to be in silver (transactions said to be pros
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Graph 12. Series 4 Alexandrian regression plot—Sv 1167 as hemidrachm.

argyrion), an additional fee of 2.5 obols per tetradrachm was required; one silver
tetradrachm equivalent required four bronze drachms plus and additional 20
chalkoi.’

One alternative explanation is based on a few papyrological references to
transactions in the amount of 20 chalkoi'® and another by comparisons with the
anomalous Attic-weight precious metal coins of Ptolemy III that were produced
in some decimal base denominations such as the 2.5-drachm, pentadrachm, and
dekadrachm. Several scholars interpreted this enigmatic precious metal coinage as
simultaneously valued in both Attic and Ptolemaic systems."" This raises potential
parallels for the Series 4 bronze coinage best addressed by future studies.'

9 Hazzard 1995: 78; Maresch 1996: 80-90.

10 Muhs 2011.

11 Newell 1927: 8-12; Naville 1951: 105; Olivier 2006: 121.

12 These data persuasively support a 20-chalkous denomination but are insufficient to
reliably distinguish whether other small denominations of Series 4 can be best interpreted
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Graph 13. Series 4 Alexandrian regression plot—Sv 1167 as eikosichalkon.

Recognizing the new 20-chalkous coin value does not appreciably affect the
overall weight standard estimate for Series 4 because coins of this denomination
represent only a small fraction (50 of about 840 coins) of the Series 4 data set.
The hemidrachm-valued regression plot (Graph 12) has a slope of 1.446 and the
corrected plot with the 20-chalkoi value has a slope of 1.436 (Graph 13). The
similarity of Series 3 and 4 is graphically exemplified by percentile plots of the
unit weight distributions in Graph 14 that nearly merge over much of the ranges.
These plots use the 20-chalkoi value for Sv 1167. The mean unit weight for Series

also as decimal (10-, 7.5-, 5-chalkoi) rather than obol-based (12, 8, 4) values. Those
hypothetical values might be tested with large data sets. Weight ratios of Series 4 admit both
decimal and sexagesimal interpretations that may not be quantitatively distinguishable.
Series 4, with its novel ratios and denominations (octobol and eikosichalkon), produced
during the reign of Ptolemy III, suggests possible broader comparisons with Ptolemy III’s
multi-valued Attic coinage.
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Graph 14. Kolmogorov-Smirnov test percentile graph comparison of all Series 3 (smooth)
and Series 4 Alexandrian (dotted) unit weights.

3 is 1.365 (665 coins of all of Series 3) and for Series 4 is 1.370 (842 coins) with a
KS test P value of 0.23.

SERIES 5
Table 4 of Appendix 1 summarizes the weight data for coins of Series 5.
Longitudinal Analyses

The last series examined here has more denominations and mints than Series 3 or
4. The large denomination of Series 5 reprises the drachm of Series 3:'* five types of
Alexandria (Svoronos 964, 1002, 1125, 1126, and 992) and two of Tyre (Svoronos
705 and 1129). Graph 15 (below) shows adjacent box plots of those seven types
and the ANOVA (P = 0.42) indicates all seven types share a common weight
distribution. Graph 16 (below) extends these results with Series 3 Alexandrian-
and Phoenician-mint bronze drachms. The ANOVA P = 0.39 indicates that all
drachms of Series 3 and 5 share a single weight distribution. The amount of metal
used to produce large numbers of coins of this denomination was very precisely

13 Excepting an extremely rare octobol of Cyprus control linked to Series 5 Alexandria
and Tyre issues (Al),
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Graph 15. ANOVA box plot comparison of Series 5 drachms (seven types).
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Graph 16. ANOVA box plot comparison of Series 5 (seven types) and Series 3 drachms.
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Graph 17. Series 5 Alexandrian regression plot (Sv 964-971).

uniform over a long period of time and among widely distant mint locations.
Series 3 and 5 drachm coins combined (727, outliers removed) have mean weight
of approximately 68.9 g. This is the empirical weight value for post-reform bronze
drachm coins.

Uniformity of the post-reform bronze weight standard is supported by similar
ANOVA comparisons for tetrobol and diobol denominations that are common to
all three post-reform series. ANOVA comparison of Series 3 to Series 5 drachms
(nine types of coins, see Graph 16) shows they are all quite similar (P ~ 0.39).

Series 3, 4, and 5 tetrobols (three groups of coins) are also alike (ANOVA P
~ 0.53). The diobols of Series 3, 4, and 5 (three groups of coins) are also similar
(ANOVA P ~ 0.50). These statistics reflect the data of Tables 2—4 of Appendix 1 but
the result for drachm sizes comparing nine different groups is perhaps the most
revealing. Graph 16 illustrates the geographic and temporal precision of the post-
reform bronze weight standard.
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Graph 18. Series 5 Tyre regression plot (Sv 705-711).

Intra-series Analyses

Two sub-series from Alexandria (marked X and 3/%E,'* with cornucopia), Tyre
(unmarked, with club) and Cyprus (with Aphrodite statue) have five to eight
denominations so regression graphs help estimate weight standards for them.
Graph 17 shows the best-represented Alexandrian issue of Series 5, the eight
denominations of Svoronos 964-971 (with X mark) with a slope of 1.4505 g
chalkous. The unit-weight mean for all X coins is 1.398 for 448 coins (outliers
removed).

Graph 18 is the corresponding regression plot for the unmarked Tyre sub-
series, Svoronos 705-711. Parallels between the Alexandrian X series and the
unmarked Tyre series are clear, but it is likely that the Tyre series is represented by
six, rather than eight, denominations. The X series consists of exactly congruent
designs for the drachm, hemidrachm, diobol, and obol (Svoronos 964, 965, 966,

14 XE appears as separate letters and as the monogram 3.
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Graph 19. Series 5 Alexandria regression plot (Sv 992).

967) and likewise the unmarked Tyre series (Svoronos 705, 706, 707, and 708).
The smallest four of the X series, however, have varying obverses and reverses that
distinguish them from one another even with overlapping weight variations, while
the Tyre series has no corresponding obverse or reverse design differences that
distinguish any of the coin sizes. Svoronos catalogued seven Tyre denominations
from drachm through dichalkon all of exactly congruent designs. It appears,
rather, that two small sizes issued at Alexandria with different obverses than the
rest were just not issued at Tyre at all. This observation is also supported by the
paucity of specimens reported as Svoronos 710 in our data set, within a series
for which the other small sizes are very plentiful. The sub-obol denominations at
Tyre, expressed by the hemiobol and dichalkon, differ enough in visual size to be
practically distinguished, absent different designs. Graph 18 is a regression plot for
the Tyre unmarked series adapted to six, rather than seven, denominations. The
slope is 1.444 (grams per chalkous), close to that of the X series. The mean unit
weight for this series is 1.393 g per chalkous (171 coins with outliers removed), in
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Graph 20. Series 5 Cyprus regression plot (Sv 1005-1009).

close agreement with the X series, and U-test comparison shows they are alike (P
~0.53).

Graph 19 is the regression plot of four catalogued denominations bearing ¥/
YE controls with a few coins of smaller denominations (hemiobol and dichalkon)
not previously catalogued. Its slope is 1.475 g per chalkous, slightly greater than
for the X and Tyre sub-series. Mean unit weight for this group of 452 coins (13
outliers removed) is 1.41 g.

The Cypriot Aphrodite statue series of five small denominations (Svoronos
1005-1009) yields Graph 20 with a slightly higher slope value of 1.4867 (grams
per chalkous) than for the X and unmarked Tyre groups. The coinage is highly
regular with an exactly congruent design on all sizes. The Aphrodite statue series
has no types larger than a trihemiobol. The unit weight of this series, 1.452 g per
chalkous (151 coins, outliers removed), is also about 4% greater than the X and
Tyre’s unmarked coinage and that difference is statistically significant (U test of
Cyprus vs. X yields P < 0.001) The importance of this small significant difference



A Metrological Survey of Ptolemaic Bronze Coinage 77

- Sv 993
40 = sv 965
v sv1002  svipz  SvI!128
- Sv 1130
- T Sv 706
- Series 4
35 42 pcs Eikosich.
] 14 pcs 87 pcs —
- -|7 S T
E | {118 pes 87 pes P 32 pcs
5 1
= |
g 1 1
= -
o 30 [ -
'é"j -
: - 49 pcs
25
20 -

Graph 21. ANOVA box plot comparison of Series 5 hemidrachms (seven types) and Series
for eikosichalkon.

is unclear, perhaps due to the limited denomination range or potential conflation
of adjacent denominations of exactly congruent coin types.

Issues marked with Al and Al are also well-represented for both Alexandria
(Svoronos 1125, 1126, 1127, 1128) and Tyre (Svoronos 1129, 1130) but with few
denominations.

The only Series 5 large types of Cyprus are rare tetrobols and octobols,
indicating that Cyprus’s coin series structure diverged from the other mints
during the time of their issue. Regression graph slopes representing only two
denominations are not useful here. The mean unit weights of these sub-series are,
however, consistent with other Series 5 groups (Table 9).

A few specimens, some unknown to Svoronos, also show that Tyre issued coins
parallel to Alexandria’s Sv 993, 994, etc., but only in small sizes of obol, hemiobol
(Svoronos 1153), and dichalkon denominations. Althhough they unequivocally
exist and show that Tyre minted yet another Series 5 group in parallel to Alexandria,
the quantities of the small denomination Tyre X-types are too few to contribute
meaningfully to this survey.
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Graph 22. Series 5 regression plot (all coins).

Table 9. Unit weights of Alexandrian and Tyre Series 5 issues of Ptolemy I'V.

Alexandria  Delta Iota Svii2sand 1127  1.433 (225 coins, 11 outliers removed)
Alexandria Lamdalota Svii26and 1128  1.447 (94 coins, 3 outliers removed)

Tyre Both Svii29and 1130 1.417 (66 coins, 4 outliers removed)

As seen in Series 3, the fractions are slightly lighter than expected. Since
drachm, tetrobol, and diobol weights are strongly conserved across Series 3, 4,
and 5 (see above), the reason fractions weigh slightly less than their proportional
values is unexplained. The short weight of fractions persists through the post-
reform period of these three series.

Series 5 introduces seven types of bronze hemidrachms (Sv 1003, 965, 1127,
1128, 706, 1130). Unlike drachm coins, they vary enough that they do not share a
single weight distribution (ANOVA P = 0.003). Nevertheless Series 5 hemidrachm
mean weights range from 33.7-35.3 g (overall mean weight of 395 coins = 34.25 g,
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very nearly one half of the drachm mean weight) and Svoronos 1167 (of Series 4)
at 28.32 g is clearly far below that range, supporting the conclusion (see Series 4,
above) that Sv 1167 is a 20-chalkous coin, not a hemidrachm. Hemidrachm coins
thus make their first appearances in Series 5. Box plots of Series 5 hemidrachms,
with Sv 1167 added at the far right for comparison, are shown in Graph 21.

Corinth mint issues uniquely bearing the portrait of Ptolemy III are cata-
logued as four types, Svoronos 997, 998, 999, and 1000. The 998 type is reported
for only two coins in this data set with weights similar to the 15 specimens of 999
so that those two Sv 998 data are treated here as hexachalkon types along with Sv
999. The mean unit weight for 85 Corinth mint specimens (outliers removed) is
1.391, similar to the values obtained for the X (1.398) and Tyre, unmarked (1.393)
groups.

Svoronos assigned two small denominations marked with harpa symbols to
Joppa, three small denominations with trident marks to Berytos, and three small
denominations with tripod marks to Ake-Ptolemais. While modern scholarship
has left the Joppa mint attribution unchanged, reports on museum collections in
southwest Turkey by Ashton (2002) and Konuk (2004) led to Lorber’s relocation
of the mints for the tripod types to Telmessus and the trident types to Caunus,
respectively.'®

The issues of Joppa (harpa mintmark), Caunus (trident mintmark), and
Telmessus (tripod mintmark) are only known in obol and smaller fraction de-
nominations. Their mean unit weights are consistent with the range observed for
coins from other mints in Series 5.

Joppa mean unit weight = 1.380 (47, 1 outlier removed).
Caunus mean unit weight = 1.376 (74, no outliers).
Telmessus mean unit weight = 1.498 (119, 8 outliers removed).

The coins assigned here to Telmessus include Svoronos 791, 792, and 793. Until
2012 only a single specimen of Sv 792 was known and more of them appeared in
commerce. The mark at the right of the eagle on this one type led Svoronos to
assign all three types to Ake-Ptolemais because they share the tripod mintmark,
yet all the known specimens of Sv 792 lack the central depression seen on Sv
791 and Sv 793. Sv 791 and 793 are plentiful in the Turkish museum collection
examined by Ashton so it may well be that Sv 792 needs a separate consideration.
I note that the mean unit weight of the Telmessus coins, reflecting all three types,
is 4-7% greater than most other groups of Series 5 coins.

The Berenike portrait bronzes of Ras Ibn Hani are also limited to small
denominations and lack the central depressions typical of post-reform bronze
coins.'® The meaning of their observed lighter mean unit weight (1.326 g/chalkous

15 Lorber (forthcoming).
16 Lorber 2007.
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for 86 specimens, 5 outliers removed) is unclear and it suggests a need for further
study of those types. Series 5 coins in this data set ascribed to Cyrene are also
excluded from further comment, subject to future analysis.

Series 5 types included here, comprising many denominations, mints, and
control-linked types, largely express a regular mean coin-weight standard. Graph
22 is a regression plot for the types and mints of the entire Series 5 (excluding
Ras Ibn Hani and Cyrene) representing a total of 2,046 coins from seven mints.
The slope is 1.44 g per chalkous, providing a good estimate for the bronze weight
standard of Series 5 as a whole and almost exactly equal to those of Series 3 and 4.

CoONCLUSION

In pre- and post-reform Ptolemaic bronze coinage there are systematic weight
standards, in spite of wide individual coin weight variations, that apply in
aggregate, i.e. to average weights of large numbers of coins. In addition to the al
marco'” production of individual coin types of various denominations, weight
standards are reflected in denomination weight ratios that emerge clearly from
mean weights of many specimens. Ratios of mean weights of large denomination
coins to mean weights of smaller denominations are approximately equal to their
value ratios. The degree to which ratios of value agree with weight ratios varies
somewhat in the pre-reform coinage (Series 1-2D) but regression plots of many
coins show a high correlation between weight and denomination. Regression plots
also reveal a previously unrecognized 5-chalkous denomination comprising Series
2B, marked with an aphlaston symbol.

Most mean unit-weights of pre-reform types (Series 1-2D, Table 1) are in the
range of 0.9 to 1.0 g per chalkous. Given approximately equal ratios of weights and
ratios of denominations the slope of the regression graph for 1,473 pre-reform
coins (by denomination, with outliers excluded) slope of 0.95 g per chalkous is a
justifiable estimate for the pre-reform weight standard. The largest contributors
to the pre-reform data set are Series 2D diobols (about 1/3 of the pre-reform data
set), with a mean weight of 15.4 g (0.96 g per chalkous). The pre-reform coinage
weight standard is approximately 0.95 g per chalkous.

Post-reform coinage denominations and weights are also parallel, but with
even greater precision spanning many types, values, and mints. Regression plot
slopes of Series 3 Alexandrian, Series 3 non-Alexandrian, Series 4 Alexandrian,
and combined Series 5 issues of 7 mints are all in very close agreement (1.43-1.45 g
per chalkous). The mean weights of 9 drachm groups of Series 3 and 5 are virtually
identical. Tetrobols and diobols spanning all three post-reform series (3, 4, and 5)
also share mean weights and weight distributions. Variability of individual coin
weights cannot obscure very clear precision, scope, and duration over Series 3, 4
and 5 of the weight standard of approximately 1.44 g per chalkous. The observed

17 Consistent aggregate weight totals despite variations in individual coin weight.
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ratio of post-reform to pre-reform bronze values is so nearly 1.5 to 1 as to suggest
that this is the quantitative meaning of the bronze coinage reform.

With weight to value estimates based on large samples and a range of types,
we can confidently reject the weight standards proposed by Hultsch. No coin type
observed in this large data set corresponds to Hultsch’s proposed 106.8 g bronze
drachm standard (the so-called ‘30-drachm standard’ based on a multiple of 30
silver 3.56 g drachms). The mean weight of a large sample of the largest bronze
coins (Series 4) is actually 90.3 g. The empirical mean weight of over 700 Series 3
and 5 drachms is 68.9 g, not Hultsch’s ideal proposed value of 71.2 g.

The fact that Hultsch’s theoretical ideal post-reform bronze drachm weight
of 71.2 g is within a few percent of the observed value of 68.9 deserves comment.
It might appear that Hultsch arrived at a value that is approximately correct be-
cause his theoretical concept is correct or perhaps that a ‘wear-adjustment’ of the
observed value would conform with Hultsch’s theory. It is tempting to ascribe a
prescience to Hultsch’s work, but it is unwise for several reasons:

1. The ‘ideal’ 71.2 gram drachm weight Hultsch proposed is part of a theory of
silver-to-bronze exchange ratios based on a silver drachm ‘ideal’ weight of
3.56 g, for which weight Hultsch provides little or no empirical support.

2. The same exchange ratio theory, based on the same ‘ideal’ 3.56 g silver
drachm, yields other ‘ideal’ bronze coin weights (e.g. the 106.8 g ‘30-drachmy’
standard) that greatly diverge from any known empirical Ptolemaic bronze
coin weights.

3. It is also noteworthy that the pre-reform ‘30-drachm’ (106.8 g) standard
is 50% heavier than the post-reform ‘20-drachm’ (71.2 g) standard, the
opposite of the relationship found here. That casts additional doubt on the
theory itself.

4. Any casual observer can estimate that the weight of the post-reform Ptol-
emaic bronze drachm is approximately 70 g. Such approximations do not
substitute for quantitative analyses that reveal extensive temporal and geo-
graphic consistency of the coinage.

While the 71.2 g value is (nearly but) not correct, some future empirical study
of contemporary silver coins may tell us whether Hultsch was correct in his belief
in simple weight ratios of exchange between bronze and silver Ptolemaic coins.

Van Driessche (1988) began an empirical metrology of Ptolemaic bronze
coins independent of the ‘“fantastical’ theoretical constructs of Hultsch.
Nevertheless her conclusions were biased by a subsequent theoretical adjustment
for wear, uniformly adding 10% to all the empirical coin weights. Uniform wear
by 10% for all Ptolemaic bronze coins would imply most worn so smooth as to
be unidentifiable because they are struck in fairly low relief. Wear doubtless plays
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some role in the observed coin weights but there is no convincing justification for
applying any arbitrary ‘wear factor’ to increase them. The data here are insufficient
to estimate the degree to which observed weight distributions differ from ‘as
struck’ weight distributions. Van Driessche’s ideal weights arbitrarily exceed
the empirical mean weights found in this larger survey.'® I cannot attribute the
differences between Hultsch’s and Van Driessche’s ideal weights (71.2 and 72 g,
respectively) and the empirical value of (68.9 g) to wear, as Hultsch’s ‘ideal’ weight
estimate lacks a convincing empirical basis and Van Driessche’s adjustment of 10%
would increase the (observed) drachm weight to a value somewhat greater than
either earlier ‘ideal’ Regression plots for post-reform coins here have a range of
slopes and offsets (Y axis intercepts) which do not suggest any obvious departure
from some unknown ‘ideal’ We do best to allow these thousands of coins to speak
for themselves.

Van Driessche also discussed the likely intent of post-reform bronze types
and their weights as a basis for easy of exchange between bronze and silver. The
refutation ofherideal weights calls that interpretation into question. Van Driessche’s
wear adjustment also led to an erroneous conflation of her Denomination 5 (18 g,
purported trihemiobol) with bronzes now known to have been minted on Sicily
to the local weight standard of ~17.1 g.'” The quarter-drachm (trihemiobol)
denomination plays only a minor role in the post-reform coinage, solely in Series
5 (Cyprus issue Svoronos 10035 and Corinth Svoronos 997) and it weighs less than
the 18 g Van Driessche calculated from erroneous ideal weights. The hypothesis
that an 18 g Ptolemaic bronze denomination circulated both within and outside
the empire, as an intermediary between silver and bronze, is not supported.

Sicilian Ptolemaic bronze coins of ¢. 265 Bc, struck in a single denomination,
were local Sicilian issues that do not appear to have circulated elsewhere.?® Those
Sicilian bronzes of ~ 17.1 g minted by Ptolemy II on Sicily (and imitated by Hieron
IT) are indeed approximately half the weight of Series 5 hemidrachms (34.28 g,
mean of 395 specimens of Series 5). The hypothesis that the Egyptian post-reform
standard purposely integrated the 17.1 g ‘litra’ bronze weight standard of Hieron
IT as equivalent to an Egyptian trihemiobol (one quarter drachm) cannot be
rejected. Kincaid cited an exact exchange relationship of four Syracusan litrae to
one Ptolemaic drachm.?* Ptolemaic bronzes of the post-reform period are known
in Sicilian finds and museum collections®* and the relationship between the two
empires long outlived the brief period of Ptolemaic bronze coinage on Sicily itself.

Empirical data of convincingly large samples now provide reliable mean coin
weights that are consistent over long time periods and wide geographic extent so

18 Van Driessche 1988: 71 with table.
19 Wolf and Lorber 2011.

20 Wolf and Lorber 2011

21 Kincaid 1985: 128.

22 Kincaid 1985: 128.
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that a description of Ptolemaic bronzes in terms of incorrect hypothetical or ‘ideal’
weights is no longer necessary nor justified. Continuing to describe the post-re-
form Ptolemaic bronze drachm as 72 grams, for the sake of convenient arithmetic
propagates Ptolemaic bronze coinage ideas now best abandoned.

A unit weight ratio of 3:2 for post-reform and pre-reform bronzes implies
that bronze was devalued by one third through a 50% increase in the unit-value
weight (e.g. the post-reform diobol weighs 50% more than a pre-reform diobol).
We might note that some replacement exchanges are simple in light of the 3:2 ratio
and likewise express the devaluation of bronze. For example, one ‘new’ tetrobol
weighs about the same as three ‘old’” diobols (a new tetrobol might exchange for
an ‘old’ drachm worth of bronze). Likewise the ‘new’” drachm is easily exchanged
for nine of the ‘old’ obols (one new drachm for 1.5 ‘old’ drachm worth of bronze).
Easily replacing one circulating coinage with another is an appealing motivation
and the 3:2 ratio simplifies many exchange calculations using six obols per drachm
and eight chalkoi per obol.

The observed metrological consistency among a broad range of coin types
and over a lengthy time period exposed an additional previously unrecognized
coin denomination, namely the 20-chalkous coin type of Series 4, exemplified
by Sv 1167. Analyses also suggest that one pre-reform type had a value of five
chalkoi rather than previously assumed value of four chalkoi. We cannot neglect
that denominations used here are partly based on earlier approximations of coin
weights and their ratios, creating some risk of tautology. This survey should not
just circularly confirm denominations based on earlier weight approximations and
ratios; it should improve confidence in the previously presumed value relationships,
refute others that fall to empirical scrutiny, and point to some new ones.

A weight standard implies ratios of weights approximately equal to ratios
of values. The concept is associated with many types of coinage from ancient
precious metal coinage to modern times. For the Ptolemaic bronze coins, if diobol
coins weigh about twice as much as obol coins then we can infer that the value
of the coins was related to their weight as consistent with these findings. There
is an unavoidable implication that the bronze coins, despite their weight ranges,
had value expressed in the aggregate by the amount of metal used to produce the
coins. The weights of some types vary by 30-40% so individual coin weight was
not as well-controlled as with precious metals. Nevertheless the large-scale value
and weight relationships are inescapable and lead to the conclusion that value
was proportional to metal content. The weight standards of gold and silver (with
very precise weight ratios) are typically expressed by individual coins. A weight
standard manifest in precise ratios, expressed over large quantities, may be called
an aggregate weight standard. It is necessarily achieved using equal quantities of
bronze to produce large equal amounts of different denominations, in proportion
to their values.
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Aggregate weight standards also imply partial or relatively intrinsic value
of bronze coins in the Ptolemaic empire. The usual interpretation of Ptolemaic
bronze is in the role of a purely fiduciary coinage intended to replace silver?* at
a much lower cost to the ruler than precious metal. The results here imply an
intrinsic valuation of bronze coinage. Absent intrinsic quality there would be no
need for drachms to weigh (and cost the regime) twice as much as hemidrachms,
even in the aggregate. The alternative of different denominations produced from
similar amounts of metal and explicitly marked for their values is excluded by the
results of this metrological survey. No sensible explanation for the nearly precise
equivalence of denomination and weight ratios is at hand other than that Ptolema-
ic bronze coins had intrinsic value. Even if bronze coins circulated in place of silver
in a fiduciary role (i.e., without free exchange to silver) we must accept intrinsic
valuation within the bronze coinage itself. We can describe this relationship with
the term “relatively intrinsic”

A modern example of relatively intrinsic coinage is exemplified in U.S. silver
coins of the nineteenth century. The Coinage Act of 1853 (Federal Register: 32nd
Congress, Session II, Ch. 79 p. 160) legislated that the weight of fractional silver
coin denominations (5, 10, 25, and 50 cents) be reduced relative to the silver dollar
coin. The fractions retained weight ratios with respect to one another equal to
their denomination ratios (i.e., the s0-cent coin had twice the silver of a 25-cent
coin). Those fractions were termed ‘fiduciary silver’ at the time but we can see they
had both fiduciary (low silver quantities relative to their fraction of the dollar coin)
and intrinsic (‘correct’ weight ratios relative to one another) qualities.

An explicitly intrinsic metal-valued Ptolemaic bronze coinage may be the
best interpretation, nevertheless. Scheidel (2010) has recently discussed how,
even for base metal coinage of ancient China and Rome, the quality (metal
content) and quantities of coins in circulation influenced their value. The weight
ratio observations reported here suggest a structure of perceived quality as well
as limitation of circulating quantities. Parallels in Ptolemaic Egypt to Scheidels
‘metallist’ observations for ancient base metal coins of China and Rome suggest
avenues for additional research.

For a given coin denomination, e.g. the Ptolemaic bronze drachm, the observed
conservation of average denominational weight clearly tells us the coins were
produced al marco, conforming to a specific average weight irrespective of the
question of a weight standard (a parallel between weight ratios and denomination
ratios).

That a fixed amount of bronze was used to mint equal (large) quantities of
coins over long periods of time and in different locations raises the question of
the engineering method by which this precision could be achieved. One means of
assuring consistency of average weight is piece by piece (atomic) adjustment, and

23 Van Driessche 1988.
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another is the engineering of flan casting to achieve sufficient uniformity without
individual adjustment. The central depression resulting from surface smoothing
of the cast flans prior to striking is a visually obvious property of post-reform
Ptolemaic bronze coins that also share uniform average denominational weight.
The individual smoothing of flans might have been an atomic weight adjustment
method used to achieve the al marco criterion. Some of the large Ptolemaic
bronzes are neatly beveled or have nicely finished edges and sometimes file marks
that are possible indications of alternative atomic adjustments. We may be able to
deduce whether atomic weight adjustment, as described by Stannard (2009) for
some other types of coins, was the means by which consistent average weight was
achieved. Stannard suggested statistical indicators of a weight distribution that
would reflect individual weight adjustments al marco, namely high values of the
kurtosis (excessively narrow and tall weight distribution peak) and a negative skew
(a bias of the distribution toward weights less than the mean).

Table 10 shows kurtosis and skewness values for a few distributions of Series
5 drachm types that were all surface-smoothed, are well-represented here, and
which have nearly Gaussian weight distributions. We do not see Stannard’s
statistical indications (kurtosis > 3 and large negative skewness) of atomic weight
adjustment. Flan preparation through smoothing, beveling or other operations,
though labor intensive and almost universally applied to post-reform Ptolemaic
bronze flans, does not appear to have been employed to adjust individual coin
weights to assure consistent mean weights.

Table 10. Distribution shape statistics for three Series 5 drachm types.

Svoronos no. Sample size Distribution shape statistics

964 164. Gaussian: 0.90  Kurtosis: 2.67 Skewness: -0.04
1125 139. Gaussian: 0.61  Kurtosis: 2.84  Skewness: -0.23
1126 49. Gaussian: 0.74  Kurtosis: 2.52 Skewness: 0.14

Stannard suggests it is unlikely that thin flans of silver in his study could
be cast accurately enough to achieve uniform weight aggregates, necessitating
individual flan weight adjustment. Large, thick Ptolemaic bronze coins differ
from the thin silver types for which Stannard found statistical signs of individual
coin weight adjustment. I propose a simple technique that could allow precise
aggregate weight standards for the large Ptolemaic bronzes, namely the use of
water to measure the total volume of a large number of coin disc molds. A thought
experiment can illustrate production of some arbitrary large number, say 1,000
for convenience of argument, of bronze drachm coins. To obtain 1,000 coins with
a predictable, repeatable, average weight requires casting 1,000 bronze discs in
molds that may vary in size (thickness, diameter) from one to the next, but with
a specific total physical volume equal to the volume of (a little more than) 68.9 kg
of bronze. Rather than precisely control the exact volume of each individual
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bronze coin mold or adjust the weight of each flan after casting, assuring a specific
total volume of 1,000 molds automatically assures the total quantity (e.g. 1,000)
of coins has the same total (and thus average) weight in each lot. Even if molds
are damaged, destroyed or made in different lots, water can easily be used to
measure their aggregate volume. If a specific weight (volume) of bronze is used
to cast 1,000 flans then their average weight is 1/1,000 of that total weight (less
flan preparation loss). The observed Aggregate Weight Standard is easy to assure
irrespective of substantial individual variation. No atomic weight adjustment is
required to achieve a uniform average weight if each large flan production run uses
a repeatable volume of material. Water volumetry can easily assure the volume
of 1,000 molds equals (slightly more than) the volume of 68.9 kg of bronze. In
this example of 1,000 drachm coins the volume is about 7.5 1, large enough to
be accurately repeated. Average losses from casting sprues and flan smoothing
are also easy to determine through large quantity weight comparisons (e.g. before
smoothing vs. after striking) and to compensate volumetrically.

Volume measurement of flan molds might be less reliably precise, however,
in achieving highly accurate ratios over a range of denominations. Some smaller
denominations are slightly lighter than predicted by their value ratios and flan
preparation might have effected relatively greater metal loss prior to striking
smaller volume flans.

Individual flan preparation after casting was clearly performed but apparently
not for the purpose of weight adjustment of individual coins. Techniques to achieve
both al marco production for individual denominations as well as a fairly accurate
aggregate weight standard were therefore both simple and adapted to the high-
output minting operations. A measured volume hypothesis for large numbers
of bronze flans is consistent with the substantial individual variation yet highly
conserved mean weights and weight distribution properties observed in this study.
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APPENDIX 2—-(GRAPHICAL AND STATISTICAL M ETHODS
Graphs

Graphical presentations of coin weight distributions are indispensable for this type
of study to allow comprehensive visual assessment of relationships within and
between coin weight data groups. This study uses three types of graphs to display
relations of coin weight sets. Regression plots with calculated least-squares fit
lines were created using a commercial software package called Magic Plot Student
version 2.0.1.>* Esty (1989) reviewed a variety of graphical presentations that are
useful in numismatic studies, including box plots and percentile plots both of
which were used in this study. Box plots and percentile plots were created with
online statistical calculators provided by College of Saint Benedict, Saint John's
University.>

A. Box Plot

The box plot is a one dimensional presentation of a data set showing the middle
half of the range of data values (from 25 to 75%, the second and third quartiles)
within an outline box with a horizontal line at the median value (middle weight
value, Y axis in these box plots). The remaining data range (from o to 25% and
75 to 100%, first and fourth quartiles) is represented by extended bars above and
below the box. Box plots allow easy visual comparison of two or more data groups
shown side by side. See Esty for more varieties of box plots and related coin data
graphs.

B. Percentile Plots

A percentile plot shows the fraction (Y axis) of a data set spread over its full range
of weights (X axis). The percentile ranges from o to 100% (Y axis) over the full
range of a set of coin weights (X axis). It represents the area under a histogram or
weight distribution. Histograms are sometimes useful but the data in this study are
such that it is difficult to choose histogram ‘bin’ sizes that are consistent. The visual
impression of histograms may depend on a choice of bin widths and that potential
bias is avoided with percentile graphs. There are also helpful statistical tests (see
below) that can compare percentile graphs for data that don’t necessarily have
bell-shaped distributions. When data have Gaussian (bell-shaped) distributions
the corresponding percentile graph has a regular sigmoid shape.

C. Regression Plots

ILintroduce a simple, perhaps numismatically novel, statistical and graphic method
for estimating weight standards. Linear regression calculates a line connecting

24 Magicplot Systems, LLC. See http://www.magicplot.com (last accessed September 22,
2013).
25 See http://www.physics.csbsju.edu/stats/ (last accessed September 22, 2013).
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several data sets (weights, Y axis) for different coin types (denominations, X axis).
Linear regression’s ‘least squares’ method establishes the line that best fits all the
data at once. The best fit is calculated that expresses the minimum total deviation
between the line and all the data values. Regression plots show many weights and
multiple coin denominations in one visual layout, associated with a statistic, the
line’s slope, that is independent of denomination and expresses a single weight per
unit of value (weight standard). A regression plot allows visual inspection whether
some types require corrections to their putative values. A regression plot’s single
slope number can also be compared with the overall mean unit weights separately
to expose other relationships.

Statistical Tests

The Saint John’s University web-based system cited above that generated many of
the graphs here also includes numerous statistical tools used for comparisons and
analyses in this study.

Three tests allow comparisons of pairs of coin weight distributions to one
another:

A. Student’s t-test

Student’s t-test compares two (ideally Gaussian, bell-curve) distributions. The
result is a value, P (ranging from o to 1) indicating whether the two distributions
differ more than would be expected by chance. E.g. P = 0.01 suggests a likelihood
of 1 in 100 that the data share common properties (mean, etc.). The online t-test
calculator?® used here also includes a graphing option to produce adjacent box
plots.

B. Kolmogorov-Smirnov Test (KS-test)

The KS test compares the shapes of two data sets’ percentile graphs and determines
whether the maximum difference between them is large enough to assure they
differ. KS tests can be used for data sets that are not necessarily Gaussian (bell-
shaped distributions). The resulting P value indicates whether the similarity (or
difference) between data sets exceeds the degree to which it might be expected by
chance. The online KS test calculation system used here, cited above (provided by
Saint Johns University), also produced the percentile plots shown in some of the
supporting graphs.

The KS test can also provide a measure of the degree to which a single data
set agrees with a bell curve or Gaussian ideal by comparing the empirical data
to the ‘ideal’ percentile graph of a true Gaussian distribution of the same mean
and variability. The online statistical calculators used here gave those Gaussian fit
measures that are reported in the tables.

26 http://www.physics.csbsju.edu/stats/ (last accessed September 22, 2013).
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The same test provides a report of ‘outliers’ that are identified according to the
Tukey criterion, namely that outliers are those data values which lie more than
1.5 times the interquartile range below the first, or above the third, quartile limit.
Outliers identified by the online calculators (according to the Tukey criterion)
could then be excluded from data sets prior to the application of other statistical
comparison tests. The numbers of outlier specimens in various data sets, as
identified in this fashion, are reported in the tables.

C. Mann-Whitney U-Test

In addition to the KS test, the Mann-Whitney U-test (U) was also used by Vesely
(2006) for numismatic metrology and it is helpful for our inquiries. The U-test
measures whether the values of the two data sets are spread evenly among one
another when the data are ordered and combined. If the combined data interleave
evenly then the U-test will indicate the data are similar. The U-test, like the KS test,
is helpful for data sets that differ in size and shape. The Mann-Whitney U-tests
were performed using an online calculator provided by Virginia Commonwealth
University.*”

One additional test allows comparison of three or more weight data groups to
one another to tell if they are all alike.

D. Analysis of Variance (ANOVA)

This test compares multiple data sets at once when the data are all of Gaussian
form. The online statistical calculators used for ANOVA tests here also produced
the box plots showing multiple data sets side by side. A P value ranging from o to
1 is obtained for the ANOVA. P value interpretations for ANOVA are similar to
those of the other statistical comparison tests. High P values suggest that the data
sets are similar to one another and we reject the hypothesis that they substantially
differ.

E. Kurtosis and Skew

These statistics were calculated for a few distributions using an online calculator.?®
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