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Abstract
An animal symbol faces a sign on 33 Indus seal-impressions. Using this ‘frontality’ as a benchmark, this paper verifies the 
following: 1. The validity of a line break in a frontal sequence and elsewhere in a corpus of at least 2906 objects, 2. Sign 
order and reading direction in the benchmark dataset and the rest of the corpus, 3. Sign oder, transposed sign order, and the 
signals of transposition (the markers and agencies of anisotropy) which follow five rules, labelled D1–D5, besides a violation 
of these rules, labelled Dx, 4. That the system is minimally isotropic, labelled D0, 5. How a frontal sequence prescribes a 
sign order that others follow or signal it with a marker when they do not, 6. A relationship between sign and symbol that is 
analogous with ‘A for Apple’, 7. The design logic of the Indus sign system and how formative signs are transformed by sign 
doubling, mirroring, repetitive stringing, and a finite set of intrinsic and extrinsic markers, 8. The precise functional value 
of four Indus graphemes, one marker, IM-99, to signal a transposition, another marker, IM-98, to conceal a sign string, and 
two more markers, IM-97 and 123, to differentiate signs with identical multiples, and 9. How a seal in the frontal dataset 
talks to another seal. The above are understood through a simulation to study sign position in relation to sign transposition. 
A transposed sign order is created taking a naturally occurring sign order from a frontal seal. The study then seeks the recur-
rence of this ‘cooked’ order elsewhere in the corpus and reports the cause and effect of transposition, respectively, agency 
and marker. The study is range-relaxed and explains adjacent sign behaviour, as well as distant sign behaviour.

Keywords  Indus civilisation · Indus script · Sign order · Anisotropy · Chirality · Indus iconography · Animal symbol · 
Animal orientation · Decipherment

1  Introduction

This is an ongoing investigation into the design language of 
Indus seal-impressions. Using this mode of investigation, 
a previous paper, Bhaskar (2022), predicted a direct rela-
tion between an Indus sign and an animal symbol. But that 
paper was more about animal behaviour. The present paper 
is more about sign behaviour. The starting point is where 
the two behaviours converge and they converge on 33 seal-
impressions (Table 1) where a sign is in the direct gaze of 
an animal symbol, at eye-level, or right under the animal’s 
nose, rather than above as is mostly the case (Fig. 1). Let us 
follow the animal gaze.

This paper reports a broad range of new observations 
about sign behaviour in relation to and independently of ani-
mal behaviour on Indus seal-impressions. The investigation 

is in nine parts, outlined in Sect. 1.2. The new behaviours 
observed demand a range of new terms, their definitions, and 
some conventions. Each part of the report begins with these. 
Each term and its definition (in bold) captures a sense that 
goes beyond its common dictionary meaning, and away from 
its usage in prior Indus research. All the terms are closely 
linked to the visual aspects of Indus signs and symbols, and 
they are illustrated. Some of the overall conventions adopted 
are clarified first up.

1.1 � General conventions

This paper shows all Indus seal imagery as impressed, 
and reads a sign sequence from right to left. It is a bench-
mark reading order. Sign and line numbers (up to 3 digits 
for signs, and 4 digits for lines) are cited as in Mahadevan 
(1977), hereafter M77. Line numbers are cited also from 
ICIT, when M77 exhausts. All images and their numbers are 
cited as per the Corpus of Indus Seals and Inscriptions (Joshi 
& Parpola, 1987; Shah & Parpola, 1991; Parpola et al., 2010, 
2019), Volumes 1–3.2, hereafter CISI.
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M77 prints the signs as per its normalised glyph list. 
The font package for the Indus Script released by the 
Mohenjodaro Fund affords greater variety and allows 
each sign to be printed in a closer approximation to how 
it appears on an object, which this paper works with. 
Occasionally, a glyph not present in the font package is 
borrowed from ICIT. Every sign and sign sequence consid-
ered in this study is subjected to a three-way comparison 
between M77, ICIT, and CISI. Any disagreement between 
these sources is noted in each case.

Supplementary data and excerpted tables This arti-
cle carries Electronic Supplementary Materials, ESM1 
to ESM13. The article derives 12 tables, one each from 
ESM1-ESM12. A table excerpted from an ESM retains the 
row numbers from its corresponding ESM and carries the 
minimum number of rows that is needed to illustrate the 
argument that precedes or succeeds the table. ESM13 is an 

updated catalogue of animal behaviour, first published with 
Bhaskar (2022)

1.2  �Terminology and definitions

Isotropy and anisotropy The title term, anisotropy and 
its opposite, isotropy, are borrowed from mathematics and 
physics, and applied here to a sign/communication system. 
By behaviour, both terms encapsulate a cause and an effect, 
respectively agency and marker, the other title terms. 
Agency refers to sign behaviour that triggers the anisotropy, 
and marker to a sign or sign string in a sequence that signals 
it. Neither term means anything in the absence of the other.

Seal-impression The hyphenated term seal-impression 
describes any seal, or an impression made by stamping a 
seal, or by pressing a medium into a mould. The term con-
solidates artefacts that CISI puts in the following categories: 
seals, seal impressions on pots or tags, and tablets in bas-
relief. The term excludes all artefacts that CISI labels as 
incised. Within the confines of this article, a tablet always 
means moulded, bas-relief tablet, unless stated otherwise.

Sign, sign sequence, signary, and sign system This paper 
uses the terms sign (individual), sign sequence (a line of 
signs with or without a line break, denoted with ‘</>’ when 
a line break occurs) and signary (collective) to refer to what 
is generally called the Indus script or text. The term signary 
is used synonymously with ‘sign system’. The terms Indus 
Script, Indus writing, text, and language are used, if at all, 
in very specific contexts.

Table 1   See ESM1. Animal 
symbols by orientation, and 
frontal and dorsal signs (F3) 
Note All images courtesy of 
CISI. Images are not to scale

Right Left Sign sequence (right to left and top to bottom with 
line break) and notes. Exceptions are specifically 
noted

13

M-223 (1167)

Unicorn
 342,  336
 162

17

M-1908 (1385)

Rhino- dot in circle
 342  347
 86  98

Fig. 1   a A sample seal with a frontal sign, b Another seal with a 
frontal sign and 3 dorsal signs. Images courtesy of CISI. Not to scale
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Symbol and icon Imagery on an Indus seal-impression is 
one or more of an animal, plant, human, geometric, or a 
compound synthesised with these. Bhaskar (2022) shows 
that all of Indus zoomorphism and other visualisations 
inspired by the animals are symbolic. When an elephant 
symbol is used on a seal impression for instance, it does 
not mean ‘elephant’. Its meaning is intended and under-
stood as symbolic of a certain something else. To explain 
what that something else is, for each symbol, demands 
a different study, and is beyond the scope of the present 
investigation.

All Indus imagery is either a symbol or an icon. The term 
‘icon’ is used for a visual unit that represents itself. The 
term ‘symbol’ is used for a visual unit which represents an 
encoded other. The intended meaning of an icon is literal; 
that of a symbol never so. The terms have been used inter-
changeably in prior literature, including in Bhaskar (2022). 
They are differentiated and defined here.

In a majority of the cases, animal imagery is paired to an 
object in front, such as a feeding trough or a mystery object. 
Such objects, this article contends, are icons. They depict 
themselves. They provide vital clues to animal behaviour 
and lead us to look beyond the animal figure as a portrait 
of the animal.

The symbol-icon divide is not always binary. When an 
icon from a symbol-icon compound is extracted and used, 
the icon can recall the symbol-icon compound, and, in the 
process, such an icon becomes symbolic. There is role 
change. This understanding is very useful to study a scene, 
or a narrative, the compounds, units, and sequences, and 
most significantly, how a seal-impression relates to another 
seal-impression.

In a general sense, the proposed definition also contends 
that a 'symbol' is never literal of the appearance depicted, cf. 
Sproat (2022, p. 4). In denoting or connoting a certain some-
thing else, the image in a symbol un-denotes itself first up.

Sign pair Sign pair is synonymous with adjacency and is 
used only in that sense.

Sign combination When two signs that are separated by 
other signs in between are discussed together, ‘sign combi-
nation’ is used to describe it.

Before sign, after sign A universal reading direction 
from right to left is adopted as a benchmark. With this 
order, a sign that comes to the right of other signs in a 
sequence is a before sign. A sign that comes to the left is 
an after sign. A before sign and an after sign need not be 
adjacent.
Other terms and definitions There are many new terms 

that each section of this paper demands. The first appearance 
of any such term is set in bold. A sentence or paragraph that 
contains the bolded term defines the term.

1.3 � Study design and outline

In Sect. 2, the study isolates a dataset of 33 objects from 
CISI with a definitive connection between symbol behaviour 
and sign behaviour. The specific behaviour trait in this data-
set is that every object features an animal symbol and the 
animal faces an Indus sign as in Fig. 1a and b. The former 
shows a single frontal sign. The latter shows a frontal sign 
and three more signs behind the animal, dorsal signs.

Section 3 examines if a line break (cf. Mahadevan, 1977, 
p. 13, split sequence) that occurs between the frontal and 
dorsal signs in Fig. 1b and on 23 of the 33 objects can be 
negated or if it should be retained. Effectively, it is an exami-
nation of whether a frontal sign is a stand-alone sign or if 
it sequences together with the dorsal signs, and if it does, 
does such a sequence begin with the frontal sign or does it 
end with it.

Section 4 forms the main body of this work. It examines 
the relationship between frontal-dorsal sign sequences and 
how such a sequence relates to all other sequences recorded 
in M77 and ICIT. The correlation between the two points to 
a list of 292 anisotropies, the agencies (cause) of anisotropy, 
and the markers (effect) of anisotropy.1 These cause-effect 
chains are typified and labelled: D1, D2, D3, D4, or D5. Fur-
ther analysis shows the Indus sign system to be minimally 
isotropic, labelled D0. Exceptions are categorised as Dx. 
Each D type is defined and illustrated in Sect. 4.1. This part 
of the study uses a method of simulation to induce results 
that may or may not have been arrived at by other means.

In Sects. 5, 6, 7, 8, and 9, the results from Sect. 4 are ana-
lysed and substantiated, beginning with the first agency and 
the corresponding marker of anisotropy (D1) and covering 
a range of behaviours like sign position and transposition, 
doubling and mirroring, affixing and marking, differentiation 
of signs with multiple identities, repetitive sign stringing, 
and the principles of sign design.

Section 10 advances the notion of companion seals, 
which is a combination of a frontal sign and animal orienta-
tion on a first seal-impression, plus the same frontal sign and 
a different animal symbol in the opposite orientation on a 
second seal-impression.

Section 11 closes the narrative as it begins, at the inter-
section of symbol and sign. It rounds up with how the sum 
of animal, sign, sequence, and object behaviours leads to a 
better understanding of system behaviour.

1  The term ‘marker’ is widely used in Indus literature to mean many 
things. In this paper, it is a marker of anisotropy. cf. Bonta (2010, § 
1.2.1).
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2 � Dataset of objects/sequences with a frontal 
sign

This part isolates a dataset of Indus seal-impressions (labelled 
F3 in Table 1) on which animal-symbol behaviour exhibits a 
definitive connection with sign behaviour. It is an aspect of 
sign behaviour that remains under-investigated, as noted by 
peer review. Mahadevan (1977, Table V) entitled “Distribu-
tion of signs with field symbols” pays exclusive attention to 
this, though he did not pay further attention to this aspect in a 
research career that spanned four decades after. Oakes (2017, 
pp. 1–26) subjects the data in the cited table from Mahadevan 
(1977) to re-open this line of inquiry that otherwise stands 
largely abandoned and considered mutually exclusive. Wells 
(2006, Fig. 5.2) attempts to correlate an Indus sign with the 
rhinoceros. Wells (2015, Figs. 6.12 and 6.19) explore rela-
tionships between signs and images, respectively, on H-176 
and M-1919. To date, such attempts remain marginal. This 
paper re-invests energy to the relative behaviour between 
animal symbols and signs on Indus seal-impressions and 
attempts to understand that relationship as a system.

2.1 � Animal symbols

Animal behaviour on Indus seal-impressions is broad-
ranging. There is animal behaviour, animal-animal behav-
iour, and animal-human behaviour. These combinations are 
available on 2023 seal-impressions from CISI, catalogued in 
the supplementary material to Bhaskar (2022).2 This paper 
updates the catalogue as well as some of the labels assigned 
earlier. See ESM13.

It is useful to be aware of animal behaviour in all the 
five contexts available on Indus seal-impressions shown in 
Fig. 2, even though the present investigation is limited to 
one of five animal behaviours shown in Fig. 2c.

A single animal on an Indus seal-impression usually 
stands in profile (Fig. 2) and faces one of five of the fol-
lowing: Fig. 2a A feeding trough or a manger (F1), Fig. 2b 
A mystery object (F2), and it is a mystery because no one 
agrees on what that object is, though there are several theo-
ries about what it may be (Marshall, 1931, p. 69, incense 
burner; Mahadevan, 1985, pp. 219–226; 2017, pp. 35–69, 
sacred filter) Fig. 2c An Indus sign (F3) Fig. 2d Nothing (F0, 
previously F), and Fig. 2e An exceptional case where an 
F1/F2 animal faces nothing (F-, previously F0). This paper 
focusses on the third category (F3).3

2.2 � Frontal signs

Figure 3 is an introduction to a frontal sign in all its variety 
as expressed on Indus seal-impressions. The relative behav-
iour is straightforward and easily understood when the ani-
mal looks ahead, as on M-1719 at a 3-part rectangle , sign 
242, Fig. 3a. This seal also has a sequence of three signs 
above/behind the animal and they are dorsal signs. There is 
a family of dorsal signs, in specific relation to a frontal sign. 
A dorsal sign cannot exist independently of a frontal sign. 
Each category is compiled and listed in ESM1: List 1, 19 
frontal signs and List 2, 38 dorsal signs.

After frontal and dorsal, the next position for a sign is aer-
ial, where a sign is above an animal symbol, or where there 
is no symbol at all. The aerial sign arrangement is the stand-
ard configuration of a message on an Indus seal-impression. 

Fig. 2   Animal behaviour by the object in front. From left to right. 
a Animal faces food (F1), H-88. b Animal faces a mystery object 
(F2), M-1135. c Animal faces an Indus sign (F3), K-39. d Animal 

faces nothing (F0), M-1103. e An F1/F2 animal faces nothing (F-), 
M-1134. For detailed classification, see ESM13 and Bhaskar (2022). 
Images courtesy of CISI. Not to scale

2  This was reported as 2072 in  HYPERLINK "SPS:refid::bib2" 
Bhaskar (2022). The correct number is reflected in this paper.

3  I quote Dr. Andreas Fuls who has reached a similar conclusion as I 
understand from his email of August 22, 2022: “Concerning the Indus 
signs replacing what I call cult objects (a term after Dr. Bryan Wells), 
I have already submitted a paper to the next Mohenjodaro conference 
in 2022. My conclusion is, that these are signs with logographical 
meaning and a preferred terminal position in Indus texts”. I had rec-
ognised the need for this new category and had tentatively catalogued 
it as F3? in the supplementary material S1. [Note: This refers to S1 
In Bhaskar 2022. Not the present paper] In this paper, the question 
mark is dropped. Further in the mail thread, Dr. Fuls also pointed out, 
“You can also find some Indus signs inside an animal (these signs are 
mostly initial)”.
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Of 2906 objects from M77 investigated here, only 22 have 
a frontal and/or a dorsal sign. 11 frontal objects do not fea-
ture in M77 and are taken from CISI. Apart from these 33, 
the remaining seal-impressions carry aerial signs alone 
(like in Fig. 2a, b, d, e). On a tablet, an aerial sign sequence 
often moves to another face of that tablet which may have 

two faces, three, or rarely more. On rectangular bar seals 
(Fig. 4d), aerial signs stand alone, no symbol.

Frontality is observed also on M-446, Fig. 3b, where the 
animal symbol is a rhino and the corresponding sign a fish-
fowl combination inside a bracket-like enclosure , sign 
63. One more straightforward example of frontality is of 
sign  59 in front of a gharial on M-1429 in Fig. 3d. The 
fish sign  59 is a frontal sign also with the goat, markhor, 
unicorn, and probably urus. However, the sign’s affinity with 
the gharial is special. The reptile holds the fish in its snout, 
and the combined imagery repeats. See ESM13. Elsewhere, 
frontality takes a new turn.

On M-272, Fig. 3c, a goat turns back to look at an Indus 
sign, 99, in this case. This animal behaviour broadens 
the notion of frontality, and clarifies that a frontal sign is 
defined as such not by animal orientation, but by animal 
gaze. M-1367, Fig. 3e, a seal with two facing bisons, broad-
ens the notion of frontality still further. There are two signs 
 , 267 and 201, and each corresponds to a bison and 
another (facing) bison.

How does a frontal sign relate with a dorsal sign? How 
do they, together, relate to an aerial sign? How does a fron-
tal sign become an aerial sign? The answers are attempted 
below.

2.2.1 � Frontal‑dorsal signs on F3 seal‑impressions

The label F3, assigned at first to animal behaviour (F3 ani-
mal), expands and applies equally in this article to a frontal 
sign (F3 sign), the sequence that bears the sign (F3 sequence), 
and the object that bears the symbol-sign combination in a 
frontal-dorsal arrangement (F3 seal-impression). Sign order 
in an F3 sequence is taken as the benchmark to study sign and 
sequence behaviour in the rest of M77 and ICIT.

A supplementary catalogue, ESM1, gives the full view 
of the animal symbol, its orientation, and the respective 
sequence with line breaks as on the object. It tabulates an 

Fig. 3   Different expressions of frontality. a The 3-part rectangle 
 (sign 242) under the nose of the unicorn on M-1719, a seal, is an 
example of a frontal sign. This seal features 3 dorsal signs behind/
above the animal. b The fish-fowl combination  (sign 63) in front 
of a rhino on M-446, a tablet, is another example. c The 2-stroke sign 
99 that is straight under the nose of the turning goat on M-272, a 
seal, is a frontal sign, recognised not by animal orientation but by ani-
mal gaze. d The fish  (sign 59) in front of the gharial, in the rep-
tile’s grasp on M-1429, a tablet, is also a frontal sign. e Two facing 
bisons correspond to a respective frontal sign   267 and 201, on 
M-1367, a seal. Images courtesy of CISI, not to scale

Fig. 4   Sign  59 and its three degrees of separation from the F3 
context. Clockwise from top left: a  59 is F3 on M-410 with a gha-
rial. b Two faces of H-282 with  59 as a dorsal sign on the other 

face of the tablet. c  59 above the zebu as an aerial sign on H-85, a 
seal. d  59 with no animal symbol on a bar seal. Images from CISI, 
not to scale
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F3 dataset of 33 objects (30 seals and 3 impressions) which 
determine how the general Indus sign system behaves. ESM1 
counts 19 frontal signs that relate to 13 animal symbols on 33 
objects (Lists 3 and 4 in ESM1). Two rows with their ESM1 
row numbers are excerpted and presented in Table 1.

2.3 � Frontal to aerial

Away from F3 seals, every frontal sign becomes an aerial 
sign. As a frontal sign rises to its aerial position, the sign 
goes through up to three degrees of separation from the ani-
mal symbol that it is bound to in its frontal condition. The 
first degree of separation (Fig. 4b) is the transition from 
frontal to dorsal, or to a different face of a tablet, without 
discarding the association with the animal. The second 
degree of separation (Fig. 4c) is when the said frontal sign, 
which is now an aerial sign, discards its association with 
the said animal symbol and appears with a different animal 
or another symbol. The third degree of separation occurs 
when animal symbolism, any symbolism, is discarded alto-
gether, and the said sign is in a pure sign sequence, as on 
the bar seals (Fig. 4d). An example of these modalities of 
association-separation is illustrated in Fig. 4 for the gharial 
and its frontal sign  59. There are more examples. I take up 
the most compelling of these for immediate consideration.

A transformation similar to the  59 fish sign and gharial 
can be illustrated also for sign 99 (Fig. 5), in relation to 
the turning goat, seen on M-272. This is a compelling case 
because the most deliberate of the deliberate expressions on 
Indus seal-impressions is animal imagery that features an 
animal turning back. It cannot not mean something.

Figure 5a shows an Indus sign 99, with the sign in the 
gaze of a turning goat. Figure 5b shows the sign and the 
symbol, as both of them change positions. In Fig. 5c, 99 
shows a first degree of separation from its symbolic coun-
terpart, and with a different animal that does not turn. In 
Fig. 5d, 99 shows another degree of separation, and is 
completely free from visual symbolism. A more completely 
layered picture of the synonymy between 99 and the turn-
ing goat is presented in Fig. 11, Sect. 5.9.

3 � Sequencing frontal and dorsal signs

Is a frontal sign a stand-alone sign or does it sequence together 
with the dorsal signs, and if it does, does such a sequence begin 
with the frontal sign or does it end with it? In other words, 
while reading an F3 sequence, what does one do with the line 
break that occurs between the frontal and the dorsal signs? To 
line break or not?, is not a trivial question. Not to the Indus 
scribe. Nor to those that seek to follow the scribe. Line break 
is referred to as a ‘split sequence’ in Mahadevan (1977, p. 13), 
where he presents a case for merging a split sequence. It is one 
of the most important results in Mahadevan (1977) and paves 
the way to understand that the majority direction of reading is 
right to left. I paraphrase the evidence below.

The evidence in Mahadevan (1977, p. 13) compares   
 </>  6112 with     2618 and 4090. The three 
objects carry an identical sequence says M77. Do they? 2618 
and 4090 carry the sequence in one line and use the rhom-
boid  267. 6112 uses a line break (split sequence) after the 
first two signs, the first sign being an ovoid  267. Later in 
this paper we see evidence for why the rhomboid and ovoid 
‘variants’ of 267 cannot be conflated. Be that as it may, let 
us consider whether the negation of the line break applied 
to 6112 in M77 applies also to F3 sequences, where a line 
break happens ahead of a terminal sign or sign string.

Further down, this paper shows other examples for when 
a line break cannot be negated. See row 13b in Table 2 and 
Fig. 7. Explicit or implicit, a line break impacts adjacency 
and concordance.

Line breaks can be negated, but not universally.

The sequencing together of a frontal sign with its dor-
sal signs has another methodological consideration. The 
sequence requires a reading direction. Does one start with 
the frontal sign or end with it? In other words, is the frontal 
sign on an F3 seal initial or terminal?

This paper assigns a benchmark reading direction that 
starts at the top right, goes left, and ends with the frontal sign, 
regardless of animal orientation or the suggested reading direc-
tion in M77 or ICIT. The benchmark reading direction is 
applied also to sequences classified by M77 as Left to Right, 

a b

c
d

Fig. 5   Sign 99 and its three degrees of separation from the F3 
context. Clockwise from top left: a 99 as a frontal sign on M-272, 
with a turning goat. b 99 becomes an aerial sign with another turn-
ing goat on H-702. c On M-318, 99 separates from the turning goat 
and becomes aerial with an animal that does not turn, zebu, d 99 
is an aerial sign in a sequence without an animal symbol, M-1273. 
The turning goat is a mnemonic for 99. Once understood, the ani-
mal symbolism is discarded from usage, and the mnemonic need not 
repeat. Images from CISI, not to scale
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about 7% (Mahadevan, 1978). It turns out that the benchmark 
reading direction is true for Indus, subject to consensus over 
the types of anisotropies characterised later in this paper. In 
rare cases, such as 1385, a bottom-up reading direction is sug-
gested by M77 and ICIT. M77 line-merges and catalogues 
1385     in one line starting with  86 and goes right to 
left, and bottom-up, see row 17 in Table 2. I read it as     
and proceed from there. The sign order and adjacencies I take 
repeat in 1347      , and partly justifies it.

Sign order is not the same as reading direction. Sign 
order is plural. Reading direction is singular.

Reading direction is NOT singular in M77 and ICIT. There is 
right to left, left to right, and null direction. The study design 
here makes it impossible to use more than one reading direc-
tion. It must be taken as a design limitation until it verifies.

It is a necessary limitation. Because while an F3 sequence 
may read left to right as per M77, most of the other sequences 
that we correlate it with will read right to left, or bottom-up. 
Nothing meaningful can come out of such a correlation. An 
alternative is to drop left-to-right, or bottom-up, F3 sequences 
altogether from this study, which it seems is unwarranted. 
After all, there are only two of them of any consequence (rows 
13 and 18, ESM1) in the F3 dataset anyway. And in ESM1, 
these left-to-right, or bottom-up F3 sequences, when taken as 
such, will produce anisotropies in the opposite direction. So, 
there is a design constraint, a limitation, an assumption. The 
assumption verifies and contradicts M77 and ICIT. Below, we 
fix the anomalous reading direction in an example sequence 
and fix the rest in ESM1–2.

In row 13, M-223 (1167) has  162  342  336. The 
reading direction assigned by M77 is left to right. In row 
14, B-4 (- - - -) has  162  342  53. B-4 has no entry in 
M77. ICIT 29 truncates it to  342  53 and reads it right 
to left. We will see later in this article that it is quite alright 
to read the full sequence in B-4 right to left, which immedi-
ately legitimises the same reading direction for M-223 given 
that the adjacency for  162  342 and  162  342 is the 
same on both objects. But a concordant adjacency as the 
determinant of reading direction is inadequate and produces 
anomalies. M77 lists ten sequences (eight in ICIT) with  
162 after  342 (1278, 1400, 1537, 1623, 2145, 2312, 2847, 
4386, 6231, and 9092) and each one goes right to left. The 
signs are not adjacent in any of them. Fact remains though 
that  162 can come after  342.

Reading direction cannot be adjusted to follow sign 
order. There is only one reading direction to Indus writ-
ing, right to left. This range-relaxed investigation elimi-
nates the dataset of 7% of 2906 (4% in ICIT, Fuls 2023) 
in M77 whose direction is noted as left to right.

4 � Correlation

We begin correlating an F3 sequence, rearrange its sign 
order to simulate a discordance, and look for the recurrence 
of the rearranged sign order elsewhere. By definition, a dis-
cordance is an induced sign transposition. The method is 
illustrated in the following section. Prior studies correlate 
by adjacency. Their thought-process is Markov-chained. The 
models do not envisage transposition, distant transposition 
certainly not.

An Indus sign is a sum of its form (appearance, graph-
eme, morpheme) and behaviour (distribution), which is 
perhaps true of a sign in any sign system. Both aspects 
are widely studied and documented since Gadd and Smith 
(1931), Vats (1940), Hunter (1932), Dani (1963), Knoro-
zov (1976), Mahadevan (1977), Koskenniemi and Parpola 
(1973), Rao (1982), Fairseveis (1992), CISI 1987-, Wells 
(2011), and other classifications thereof, particularly, Bonta 
(2010) and Ansumali Mukhopadhyay (2019).

There have been several statistical approaches to under-
stand Indus sign behaviour. This paper advances the notion 
of ‘handedness’ in Ashraf and Sinha (2018) and shows that 
in the Indus sign system, chirality, directionality, sign order, 
or anisotropy as this paper calls it, is determined by spe-
cific agencies and corresponding markers. Ashraf and Sinha 
(2018), and quite a few other studies that observe sign order, 
notably, Sinha et al. (2011), Rao et al. (2009), are baselined 
to a language model. This paper does not attempt to align 
with a language model and reports pure patterns.

In general, behavioural studies lead to consensus as the 
methods are statistical, and the results are data-driven. How-
ever graphological approaches produce wildly varying iden-
tifications, and they continue to be subjective. The sign list 
in M77 identifies 417 sign units. Wells (2015) identifies 694 
signs, beginning with 673 in Wells (2011). ICIT updates the 
count to 713 as of May 2023, Fuls (2023). The identity of a 
sign, as can be seen from the wide gap, is contested. It needs 
arbitration, but there is no secure method for arbitration and 
the difference between M77 and ICIT keeps widening. The 
Finnish corpus by Koskenniemi and Parpola (1973) is closer 
to the number reported in M77, with a sign count of 403. 
Parpola (1994) revises this down to 386.

The publication of the Corpus of Indus Seals and Inscrip-
tions in four volumes with high-quality photography pre-
sents a unique opportunity to visually check M77 and ICIT, 
and my observation is that both corpora need to accept sub-
stantial corrections. M77 and ICIT also correct each other 
in equal measure. However this is not a review article and 
a few pertinent differences or resolutions, where available, 
are noted throughout this paper against each specific case.
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4.1 � Simulation

A simulation is a ‘what if’condition. From the 33 available 
F3 sequences, signs are taken and rearranged to produce sim-
ulated sign combinations that do not exist in the F3 dataset. 
In the simulation method illustrated in Fig. 6, a before sign in 
a source F3 string is transposed into an after sign. The trans-
position, or rearrangement, leads to a new, synthesised sign 
pair that does not exist in the source. Thus if we start with a 
sign string ‘AB’ as source, and let ‘A’ jump over ‘B’, it pro-
duces ‘BA’. When a string has two signs ‘AB’, it yields one 
rearrangement. When a source string has three signs ‘ABC’, 
it produces three rearranged sign combinations: CA, BA, CB. 
When a source string has four signs ‘ABCD’, it produces six 
sign combinations: DA, CA, BA, DB, CB, and DC. When a 
source string has five signs, it produces ten combinations, and 
so on. Each pair thus produced is a simulated discordance, 
a ‘cooked’ case for it does not exist in the source F3 string.

The count for possible discordant pairs is: n (n−1)/2, 
where n is the number of signs in a string.

We take each discordant pair that is simulated from an 
F3 sequence and see how it travels, if at all, to an aerial 
sequence in M77—correlation.

For a discordant pair such as DB, a look-up in M77 may 
produce a result with DB as is, with adjacency. Or it may 
produce a result such as D X Y… B with other signs in 
the range of D and B. In results such as D X Y… B, in a 
significant percentage, the sequence carries a marker such 

that it becomes D X Y… ‘B. The apostrophe is the marker. 
This sequence illustrates:            , 1087 
(M-38), read right to left. 1087 is one of many results for 
the simulated search string  . To recall, the source F3 seal, 
1167 (M-223, row 13, in ESM2 and Table 2) carries it in the 
reverse order,  162 after  342. The transposition in 1087 
leads to _ _ _ _ _ _ _    .

Indus sequences reported in ESM1 contain six such 
‘apostrophes’ or markers, collectively labelled as D1. The 
markers are  97,  98, 99,  100,  102, and  123. The 
distinguishing characteristic of what this paper calls a 
marker is its inferiority in relation to the line height of an 
Indus sequence. This gives rise to another category of Indus 
signs, inferior signs, in addition to the frontal, dorsal, and 
aerial signs defined earlier.

In a sequence, to be read right to left, a marker may suffix 
() or prefix ( ). When space allows, a marker may infix 
(). The suffixing, prefixing, and infixing spoken of here are 
to be taken as introductory remarks, subject to verification. 
The manner of affixing, if at all a sign like  100 is an affix, 
is far from conclusive and it is a subset of the overall inves-
tigation. In some cases, it comes out clear, while in other 
cases it remains obscure as we will find out.

When a discordance from an F3 sequence reproduces in 
an aerial sequence as is, with adjacency, DB, it influences a 
marker of anisotropy outside the range of DB, and mostly 
before it, such that it becomes D B X Y ‘Z A. This is labelled 
D2 in Table 2. This sequence, for the query string  , from 
the same F3 sequence 1167, illustrates: 2335 (M-900):    

Fig. 6   Simulation scheme. Above, a source string ABC is rearranged 
to obtain three discordant sign pairs: CA, BA, and CB. Below, a 
source string ABCD is rearranged to obtain six discordant sign pairs: 

DA, CA, BA, DB, CB, and DC. Each discordant sign pair simulated 
from an F3 sequence is checked for a repetition in M77/ICIT. See 
ESM1–13
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     , read right to left. There are instances when 
a simulated DB occurs by itself, just a two-sign sequence, 
nothing before or after, like in 2014 (M-180):  . This 
is labelled D2a on the basis that the agency is present and 
the marker will come in a longer sequence, like in 2660 
(M-851):     . A D2a is a potential D2.

Sometimes, a discordance from an F3 sequence repro-
duces in M77 in a way that one of the F3 signs doubles in the 
sequence, D A B C B. Now, sign doubling is the shortest dis-
tance from sign form to sign behaviour. It creates two differ-
ent positions for a same sign in a sequence, and is hence the 
most obvious agency of anisotropy, labelled D3. It is also its 
own marker and does not need another marker or an inferior 
sign. An apt D3 example is      2538 (M-1770). Sign 
 162 doubles. Its doubling makes another marker redun-
dant. To recall, the specific anisotropy in this sequence is  
342 after  162, which in a D1 instance becomes  - - - .

Type 4 anisotropy involves what I call a habitual sign 
string, DB. The sign count in a habitual string may be greater 
than two, three (D B X), or four (D B X Y). ‘Bonded clus-
ter’ (after Wells, 2011), is frequently used to describe such 
combinations. A number of Indus signs bond with  342. 
Fish signs tend to bond with other fish signs. A habitual 
string may occur in an initial, terminal, or medial position. 
By behaviour, a string is unitary.4 A habitual string repeats, 
by itself and amongst others. The sign order in such a string 
takes precedence over the overall sign order of a longer 
sequence in which the string occurs. A habitual string is 
an agency and a marker of anisotropy, D4, relative to the 
reading direction. A sequence with a habitual string does 
not need another marker.       4118 (H-61) is an 

Table 2   See ESM2. Correlation between F3 and M77/ICIT, anisotropies by D type, and their markers

Simulation Anisotropy by D type and its marker

13  162  342  336
CISI: M-223. M77: 1167. Symbol: Unicorn. Orientation: Right. Note: The direction of reading is noted as LTR in both M77 

and ICIT. M77 deals with  162 as a stand-alone. ICIT lists it as a proxy sign for the cult object
a 336 after 162 D1 (1): 4718 (H-369)       
b 336 after 342 None. Note:  336 after  342 occurs once in   </>    </>      4254 (H-103). The inscrip-

tion is radially carved on a square seal in three parts. The seal needs to be rotated to read. To take  
 in 4254 as adjacent means that a line break will have to be negated. It cannot be negated in this 
case as we will see in Sect. 5

c1 342 after 162 D1 (1 of 19 instances, see ESM1): 1087 (M-38):            
c2 D2 (1 of 33 instances, see ESM1): 2335 (M-900):         

c3 D3 (1 of 2 instances, see ESM1): 2538 (M-1770):     
c4 D4 (1 of 14 instances, see ESM1): 1300 (M-1017):    ▩ (on the basis that    is unitary)
c5 D5 (1 of 5 instances, see ESM1): 4646 (x-????):      (D5 is assigned on the basis that  65 is a 

marked version of  59, correlated in Sect. 8.3)
c6 Dx (1 of 1): 8104 (K-78):    

17  86  98  342  347
CISI: M-1908. M77: 1385. Symbol: Rhino- dot in circle. Orientation: Left. Reading direction: Note: M77 catalogues this 

sequence in one line starting with  86 and goes right to left, and bottom to top, and somehow arrives at this:    . I read it 
as     and proceed from there. The sign order I take repeats in 1347      

a1 347 after 86 D1 (1 of 1): 1602 (M-1386):      
a2 D0 (2 of 2 instances, see ESM1): 2805 (M-1431)    ; 2941 (x-???):    
b1 347 after 98 D2 (1 of 3 instances, see ESM1): 2450 (M-1177):    

b2 D4 (1 of 1): 2231 (M-707):        (on the basis that   is unitary, 122 occurrences in 
ICIT)

c 347 after 342 D1 (1 of 1): ICIT 4221 (Dholavira):      
D5 (1 of 2 instances, see ESM1): ICIT 1324 (H-102):     . On the basis that  172 is a marked 

version of  171, correlated in Sect. 8.4
d1 342 after 86 D1 (1 of 6 instances, see ESM1): 1066 (M-678):        
d2 D0 (2 of 22 instances, see ESM1): 1187 (M-155):   ; 1336 (M-263):      
e1 342 after 98 D4 (1 of 9 instances, see ESM1): 2071 (M-709):      . cf. ICIT 2493       (on the basis 

that   is unitary, 112 occurrences in ICIT)
e2 D5 (1 of 3 instances, see ESM1): 9071 (Dlp-1):       . cf. ICIT 123        (on 

the basis that   are both marked versions of , correlated in Sect. 8.3)
e3 Dx (1 of 5 instances, see ESM1): 2069 (M-634):          . cf. ICIT 3084

         

4  cf. Bonta (2010), 1.3, “autonomous cluster”, “word unit”. It may be 
useful to regard a habitual string as a speech unit.
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example. Proceeding from a simulated discordance from  
   1385, an F3 sequence, we seek  342 after  98 in 
M77, which occurs in 4118. But it is not a D1 for there is 
no marker between  98 and  342. The two signs do not 
pair, the habitual sign string     prevents pairing, and 
therefore it is not a D2. Neither sign doubles in 4118 and so 
it cannot be a D3. The string     is habitual and occurs 
17 times in ICIT, after eliminating duplicates. The string of 
three    occurs 27 times, after eliminating duplicates. A 
habitual string, of two signs or greater, is culpable in a D4 
anisotropy, D X Y Z B.

The next category is D5 which arises from the observa-
tion that there are other ways besides inferior signs to mark 
an anisotropy. For example, the roof above the fish in the 
sequence 5286 (H-734):     may well be a marker for 
the generic  59. The ^roof marker above the  fish sign 
is intrinsic to the sign form. On the other hand, an inferior 
sign like 99 is an extrinsic marker. Many Indus signs 
come with a variety of intrinsic markers. The  fish sign 
alone has seven in M77 (see Fig. 14), each catalogued by 
M77/ICIT as an independent sign. The general form of D5 
is D X Ŷ Z B, or D X￥Z B. A formative sign with an intrin-
sic marker is identified as a marked version.  This for 
example is a marked version of this  formative sign. The 
intrinsic marker here is the roof stroke ^ above a 2-fin fish. 
A marked version is always featured, unlike a variant which 
repeats a same feature in different styles. The following are 
some variants of : , , , , . Every variant here is a 
fish with two fins and a roof. There is tremendous variety in 
intrinsic marking.

Sometimes, D5 marking follows a strand of design logic 
in which a rhomboid  and an ovoid , for instance, can be 
a marker of one another with no other obvious marking of 
any kind but the contrasting shapes. This particular way of 
marking is comprehensively evidenced in Sect. 5.1.1.

Apart from D1-D5, there is Dx. It is when a marker of 
anisotropy of any kind is absent, but the anisotropy is there 
nonetheless. An example is 8104 (K-78):    . Here  
342 comes after  162, they are not adjacent, and a marker 
should have occurred in between but doesn’t. None of the 
behaviours in D1-D5 is evident in Dx.

There is one other marker, D0. It represents a special cat-
egory. D0 is an agency and marker of isotropy. It involves 
signs like  86,  89, and  328 whose sign position appears 
to be fluid. To understand D0, let us look at 6125 (C-1):    
     and compare it to 1187 (M-155):   . Between 
the two sequences the relative positions of  342 and  86 have 
changed. But neither sequence carries a marker (D1-D5). The 
only way this behaviour can be accounted for is if we take  86, 
in this case, to be position-fluid. It can occur before or after a 
reference sign. Seen thus, the Indus sign system is minimally 
isotropic.

More than one type of anisotropy may seem to occur in a 
same sequence, often confusingly. Let us look at the potential 
confusions and eliminate them to get to clarity. Let us take 
this sequence, read right to left, again: 1087 (M-38),    
        . It is D1 for the reason that 99 occurs 
between  162 and  342, for the query string ‘342 after 162’. 
1087 may seem also like a case of D5 for the reason that a 
marked sign  comes between  162 and  342. It may seem 
like a D4 as well for it ends with a habitual string   . A 
sign  doubles in this sequence and for this reason it can be 
labelled D3. But calling it a D4 or D3 would be a careless 
error. An anisotropy in a sequence is always in relation to the 
query string which in this case is  342 after  162. A result 
and its D label will have to be based on the direct involve-
ment of the signs in the query string. Both the signs need to 
be there with adjacency for it to be labelled as D2/D4. A D3 
or D0 is impossible in this case for it does not involve either 
of  162 or  342. What about D5? Is that a false positive as 
well? The marked versions,  and , and their generic sign  
all feature together in 1087. The frame of reference necessary 
for a legitimate D5 labelling will have to come from a query 
string that involves - / - and their relative behaviour in 
a third sequence. To summarise:

An observation of an anisotropy requires a minimum 
of three conditions. 1) A naturally occurring sign 
pair, 2) its simulated, rearranged, sign combination, 
and 3) the occurrence of the simulated combination 
elsewhere in a second sequence with or without adja-
cency.

4.2 � Correlation of F3 sequences with M77/ICIT

The first aspect of the overall method of the study dealt 
with the isolation of a dataset of 33 Indus seal-impressions 
with frontal-dorsal signs and sequences (F3), Sect. 2. The 
second aspect of the method is the simulation that the F3 
dataset permits, Sect. 4.1. The third aspect is the correla-
tion between the simulations from F3 with the rest of the 
corpus of M77, at least 2906 sequences. The three aspects 
are juxtaposed in ESM2 and Table 2. Essentially, the study 
pits F3 (~ 1%) against M77 (~ 99%). When necessary, the 
study pits F3 against ECIT, the extended version of ICIT that 
features 5538 objects.

4.2.1 � Correlated data for F3 and M77 by simulated 
querying

Data for 33 F3 seal-impressions is available in the sup-
plementary catalogue, ESM1–2. Table 2, excerpted from 
ESM2, lists two F3 sequences and it preserves the row num-
bers from ESM2.
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4.3 � Analysis of data in ESM2

This section aggregates and summarises the discord-
ances from F3, and tags the anisotropies that reproduce in 
M77/ICIT by type. A detailed analysis and characterisation 
of each D type links it to a marker of anisotropy and its 
agency, defined in Sect. 4.1.

The block paragraphs below show a high-level summary 
and broad conclusions for the data in ESM2, with excerpts 
in Table 2. In subsequent sections, the high-level summary is 
sometimes coaxed and at other times squeezed to the extent 
that the data permits.

1.	 From the available and chosen F3 sequences, we can 
simulate a maximum of 102 discordances (column 1 in 
ESM2). Their correlation with M77 produces 292 ani-
sotropies (column 2). D1 = 83, D2 = 81, D2a = 1, D3 = 
11, D4 = 60, D5 = 19, Dx = 11, and D0 = 26. The total 
count for the anisotropies is actually 371 as 79 results 
from row 25m in ESM2 have been skipped.

2.	 D1/D2 markers of anisotropy are six:  97,  98, 99,  
100,  102,  123. Of these,  97, 99, and  102 infix, 
respectively, to  343,  344, and  345. These inferior 
signs, except  97, are F3 signs.  98 and 99 are frontal 
F3.  100,  102, and  123 are dorsal F3. D0 markers 
are three:  86,  89, and  328. The data for the two lat-
ter signs obtain in ESM3 and Table 3 and their analysis 
is deferred for until then.

3.	 The comparison between F3 sequences and those in M77 
and ICIT suggests that the sign order in F3 preserves in 
the corpora and when it doesn’t, there is an agency that 
causes the anisotropy and a corresponding marker that 
signals the anisotropy.

4.	 A sign that occurs before in F3 occurs before in 
M77/ICIT. It is the same with what occurs after. Sign 
pairs, triplets, and longer strings reproduce in the same 
order. But adjacency need not preserve. This means 
that an F3 sequence forms an embedding range that 
permits other signs to be embedded in between, with-
out a change of direction in sign distribution. Other 
sign strings append to an F3 sequence to form a longer 
sequence, before the F3 sequence or after.

5.	 The big picture that emerges here is that F3 sequences 
prescribe a sign order that all sequences follow.

6.	 If an F3 sequence is prescriptive, then something like 
a school text or a lexical list happens here, though not 
in the exact Sumerian-Mesopotamian sense. And if that 
is the case, then there is, in this paper, one of the five 
falsifiers sought by Farmer et al. (2004, p. 49).

7.	 In conclusion, the Indus sign system has a pre-set sign 
order and markers of anisotropy are needed to signal 
a change in the pre-set sign order. The sign system is 
minimally isotropic.

8.	 The method is useful at different levels. It examines the 
full range. It does not matter to this method if part of a 
sequence is lost which has forced many prior studies to 
altogether omit them.

F3 seals and how they relate to the rest of M77 and ICIT 
point to a structural feature of Indus writing and its sign 
order. It is a macro picture and that is not enough. Every 
sign order that Indus uses will need to be parsed against its 
reverse order, adjacent or distant, to see if the reversal is sig-
nalled or not. But this cannot be exhaustively verified pres-
ently for the simple reason that there is too much disagree-
ment over sign identity, and a new sign list is imperative that 
isolates a sign by its behaviour and not just by appearance.

5 � 99 as a D1/D2 marker

Sign 99, always suspected to be a sign modifier, a sequence 
divider, or a segmenting notation, is nonetheless catalogued 
as an independent sign for lack of clear evidence. This 
paper clinches that crucial evidence by usage, as we will see 
shortly. cf. Mahadevan (1986, pp. 21–23), ‘superscript suf-
fix, grammatical suffix, case-marker, locative case-endings’; 
Parpola (1994, pp. 82–85), ‘word divider as in Linear B, 
Hittite hieroglyph, and Persian Cuneiform’; Bonta (1996, 
p. 15), ‘juncture sign’; Yadav and Vahia (2011): ‘modifier’; 
Wells (2011, pp. 98–101), ‘Initial Cluster Terminal Marker, 
word divider, numeral, syllable’; Ansumali Mukhopadhyay 
(2019): ‘connecting morpheme’. A new functional value evi-
dences in this paper for 99 that is none of the above, or in 
addition to one or more of the above. A different approach 
is taken to unlock this functional value.

The approach in the prior sections relied on taking a 
benchmark F3 sequence to study it against another sequence 
x in M77. In this section, to study 99, we move away from 
sequence-sequence comparison, down to sign-sign com-
parison, and then move back up to a sequence-sequence 
comparison.

For sign-sign comparison, we take a benchmark sign and 
another sign x to compare to in a given sequence. Such a 
sequence may also have an anisotropic marker that has been 
characterised in Sect. 4.1. We take that sequence and com-
pare it with another sequence that has the benchmark sign 
and the sign x but not the anisotropic marker. We then try to 
answer why one sequence has the marker but not the other. 
Sign 99 affords the opportunity to examine this exhaus-
tively. It is the one marker for which there is complete data 
(ESM3 and Table 3 excerpted from ESM3).

99 occurs 622 times in the medial position in M77. 
This study securely identifies 99 as a suffix, and shows its 
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character in full detail as a suffix to  267. It suffixes to 86 
base signs, listed in ESM3.

99 suffixes the most to  267. Before we get to the 
 99–267 combination, a very obvious case for 99 as 
a transposition marker is shown here with  63 and  
64. M77 reports two occurrences for the grouped sign  
63 in an identical sequence on 2861 and 2866, besides 14 
instances as a singleton.  64 occurs twice in a sequence, 
     2593 and      4087. As the fish and 
fowl transpose in  64, 99 suffixes on both occasions.5 
The same value for 99 is shown with another compound 
sign later in Sect. 5.1.1.

5.1 � 99 as a suffix to  267

Sign 99 suffixes to  267 to signal the transposition of a 
sign x from before  267 to after 267. The count for this sign 
x, each a unique sign form, is 37, List 2 in ESM2. The data 
has to be taken from both sides of  267. 49 signs from the 
86 signs in List 1 of ESM3 for every base sign of 99 do 
not give data from both sides. The data needed for immedi-
ate discussion, for signs 89, 162, and 328 are excerpted and 
placed in Table 3. The transposition of these 37 signs in 
relation to  267 is signalled by 99 nearly 500 times. The 
‘500’ contains many results that repeat, but the query string 
is unique each time. Thus, the ‘500’ may be the single larg-
est body of evidence ever for Indus sign behaviour besides 
frequency stats.

M77 reports  as 267 and  as a variant of 267. ICIT 
treats them as two distinct signs, ICIT 861 and 817 respec-
tively. The data in Table 3 reconciles the two sign forms by 
keeping them together and distinguishing them at the same 
time. A sequence with the ovoid variant, hereafter  267a, 
is underlined in ESM3 and Table 3.

D1 99 signals a transposition. To signal it, 99 suffixes 
to the before sign or another sign that is anywhere between 
the two signs involved in a simulation. Based on the data 
in ESM3, illustrated with excerpts in Table 3, I drop the 
term sign for 99, and use ‘suffix’ in its place. 99 has no 
independent existence. Its position in a line is, left-adjacent 
super script. Its relative size is approximately one third of 
the line height of the sign that it suffixes to. Its sign value is 
extrinsic marker. Its sequence value is transposition marker. 
In a few exceptions, 99 seems to infix or prefix to a base 
sign and they are discussed in Sects. 5.4 and after.

The relative sign behaviours substantiate that the turning 
goat on M-272 (Fig. 3) is a mnemonic for sign 99. The 

sign and the animal symbol exhibit analogous behaviour. 
The sign turns a sequence. The animal symbol turns to fix 
its gaze on that sign which turns sequences. Sign 99 is not 
the only such marker. Before we go to the other markers, we 
examine the dual identity of  267 and 267a  reflected in 
Table 3 and various aspects of 99, especially how it infixes 
to  344.

5.1.1 �  267 and its seemingly identical twin 

A variant of an Indus sign is premised on the variant’s visual 
resemblance to a normalised formative sign. The rhomboid 
 267 and the ovoid  267a are variants as per M77. The 
rhomboid is taken as formative in M77 and used as default. 
The line numbers are distinguished for the two shapes in 
ESM3–4. This manner of arriving at a variant relationship 
between signs of similar appearance is common to all Indus 
corpora, and quite reasonable. ICIT takes this to an extreme 
and catalogues  as 861 and  as 817.

It will be extremely rewarding to know if the variance is 
just scribal, or if it is bound to an orthography to express a 
specific semantic that is similar but also different. The obvi-
ous context for such a comparison is available in seemingly 
identical sequences, Fig. 7.

The longest identical sequences for  and  are from two 
sets of 1 + 3 signs. The first sign here is the suffixed 99–267 
or 99–267a, and therefore taken as one.

In Fig. 7, the first cross-reference set in the comparison 
between  267 and  267a occurs on 1078 (M-717)   
  and     2403 (M-164). The second set occurs 
on 2533 (M-850)    and 2476 (M-839)   . This 
comparison provides a fair case in the two sets in Fig. 7 for a 
straightforward substitution of  267 with  267a, and that 
they are scribal variants. But sign behaviour elsewhere says 
otherwise. See ESM4 and ESM5, and the excerpts, respec-
tively, Tables 4 and 5.

In 369 records for  267 in M77, 178 are  267a. 267a 
takes on the suffix 99 in nearly the same proportion 
as  267. Both signs prefer the initial position in equal 
measure.

They are both ‘bannered’ signs.  402, the banner sign, 
follows   267 and   267a in equal measure. There are 
34 bannered signs in M77, not listed here.  267 and  267a 
are two of them. Comparative sign behaviour for  267 and 
 267a shows many similarities seen above, and dissimilari-
ties shown below.

The two signs stand apart. They take contrasting posi-
tions, against each other, in 2473       , 2474 
     and     ICIT 771. No confusion whatso-
ever between  267 and  267a. The angle and curve of  
267 and  267a are similar but not the same. They do not 
pair with each other and neither one doubles in a sequence. 

5  Strictly speaking, the presence of 99 with 64 is a redundancy. The 
positional interchange of fish and fowl between 63 and 64 are self 
evident and should not need an additional marker to signal it. Indus 
writing errs on the side of caution.
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There is no 267–267 anywhere. Not even 267 —, —, 267. 
The same is true for 267a. This shows clearly in 2473, 2474, 
and ICIT 771. See also Wells (2011, p. 98).

In the following example,  267 and  267a show 
another degree of contrast. A sign sequence    repeats 
with 267 on 1246, 2357, and 4326 (H-719 in Fig. 8). A 
sign sequence   repeats with 267a on 1143 (M-984 in 
Fig. 8), 1229, and 2648.

It seems that Indus glyptic design in this case strives for 
angles to go with angles and curves with curves. The ter-
minal sign for the angular 267 is  169 and the terminal 
sign for 267a is the curvy  162. The signs  267 and  
267a, they both scream ‘similar but not the same’ in multi-
ple sequences in many different ways, and on varied media.

They maintain sequential similarity for up to three 
adjacent signs and diverge thereafter. The longest identi-
cal sequences are shown in Fig. 7. In both sets, three signs 
come after  267/ 267a. If the two terminal signs in each 
case can be taken as a habitual string with a unitary value, 
which validates, then sequential similarity preserves for only 
two adjacent signs, and not three as noted at the top of this 
paragraph.

In ESM5 and Table 5, we see that  267 and  267a 
share 10 common signs out of 37 signs that occur on either 
side of each. The seemingly similar signs keep dissimilar 
company. Sign behaviour informs sign appearance.

On the basis of the above, it seems fair to suspect a 
semantic function for shape variance rather than to regard it 
as a scribal preference or even a workshop style. The ‘simi-
lar but not the same’ value may be valid for several signs and 
their respective shape variants. Shape variance as a device 
seems functionally analogous to sign differentiation with 
an intrinsic marker (See Sect. 8). For the reason that this 
orthography needs to be more exhaustively investigated, it 
is not classified or catalogued as a D type.

5.2 � 99 suffixes to a compound sign  372

In     2246, three signs merge to form a compound 
sign,  372,  1696  +  397 +  400. These three signs fall 
in line in       1058 (cf. Wells, 2015, p. 16). The 
middle sign in the compound  372 is not quite the same as 
the second sign in 1058,  396. This difference aside, a com-
parison of 1058 and 2246 sheds light on 99. Between the 
compound  372 in 2246 and its individual components in 
1058, the sign order reverses, and 99 suffixes. In 2246, 99 
suffixes for the reason that  400 usually occurs only after 
 403 as in        2178 and      1315.

5.3 � 99 and  402

The ‘banner’ sign,  402, is mostly medial, in 89 lines, and 
is left-adjacent to 33 signs. Left-adjacency of  402 leads to 
a few habitual strings and this aspect is detailed in Sect. 6.1. 
 402 is also initial and leads a different expression in six 
unique lines, 2851, 4304, 5086, 7065, 7277, and 8006. A 
line from 2851 repeats on 2855. A line from 4304 repeats 
on another face of 4304. The following analysis is taken up 
after dropping the duplicates.

In the analysis, there is a Statement 1 where  402 comes 
before, and a Statement 2 where  99–402 comes before. 
We see how the signs that occur after the banner sign relate 
to the latter.

Fig. 8   Top: H-719 and M-164. Bottom: M-984. Images courtesy of 
CISI. Not to scale

Fig. 7   Top: M-717 and M-164. Bottom: M-850 and M-839. The 
featured seals are not to scale, but to relative proportion. The one on 
top right is a little bit smaller than the other three. Images courtesy of 
CISI 

6  Sign  169 may actually be 162, in which case the comparison 
between 2246 and 1058 is a moot point.
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Statement 1: 2851  ▩    . 4304      . 
5086      . 7065     .
Statement 2: 7277    . 8006        
.

Statement 1 with  402 makes it explicit that the underlined 
signs (, , , , , , , , , , , , , ) do not or 
cannot occur before  402 in a line without a marker of 
anisotropy. This verifies in M77.

Similarly, Statement 2 with  402 makes it explicit that 
the signs that come after  (, , , , , , ) can only 
come after with a marker of anisotropy. This also verifies 
in M77. Observe  249 in 4304 and 8006. When it comes 
after  402, the banner sign is not marked. When it comes 
ahead of  402, the banner sign is marked. However, 
there is a peculiar difficulty in 8006 where the banner sign 
occurs twice and is marked on both occasions, . I argue in 
Sect. 5.4 that it is improbable for 99 to repeat in a line and 
that its doubling in 8006 is most likely aberrant.

 402, any sign in general, in its initial position, makes 
an explicit statement about what can only come after 
it. It is a declaration. It announces an order. Indus peo-
ple change this order frequently. But when they do, 
they signal it. That signal, and the agency that triggers 
it, is the anisotropy.

5.4 � 99 as an infix to  342 ( 344)

When space allows, 99 becomes an infix. This seems to be 
the case with  342 >  344.7 99 never suffixes to  342. 

The idea that 99 infixes to  342 has precedence in Bonta 
(2010, § 4.1.1) and Wells (2015,  Fig. 3.5).

From the preceding section, we get a good idea of the 
behaviour of 99 backed with the data in ESM3–5, with 
excerpts in Tables 3, 4 and 5. Its essential role is to turn a 
sequence, to signal a transposition. When this transposition 
marker infixes to  344, does it pass on this attribute to  
344?

In 26 instances shown in ESM6, two of which are dis-
cussed below, one each in Tables 6 and 7, 99 is expected 
as a marker of anisotropy, but there is  344 instead. In 11 
of 26 cases (List 1 in ESM6),  342 and 344  co-occur. In 
15 of 26 cases (List 1 in ESM7),  344 occurs but not  342. 
These are illustrated case by case, in pursuit of how, when, 
and why  342 becomes  344 with 99 infixed. From each 
list item,  344 and the sign that comes immediately after 
are picked for comparison by transposition.

It begins to emerge from the two cases above in Table 6 
and nine other cases in ESM6 that 99 infixes to  342 to 
create  344 which then does the same job that 99 nor-
mally does. In every example except 8039, a  344 occurs 
before  342. There are also 15 cases with  344 in a line 
but no  342, like in 8039. These are discussed in ESM7, 
and one of them in Table 7.

In 15 other instances,  342 doubles in a sequence with 
no marker, which means that we are basically dealing with 
D3. In one sequence (     9901), the doubling is 
adjacent. In all others, the doubling is distant.8 Two exam-
ples are shown here.      1325;         
  2317.

Table 3   See ESM3. Sign x 
and its transposition relative 
to  267/  267a, signalled 
by 99, 494 times Note The 
marker of anisotropy that this 
table reports is D1 99. A Dx/
D0 instance is specifically noted 
and subtracted from the count 
expressed in (brackets)

Sign x Before 267 After 267

 89 1400, ICIT 4151 1003, 1094, 1104, 1326, 1429, 1456, 1621, 2251, 2446, 2583, 2654, 
2706 (D0), 3153, 3160, 4083, 4316, 4356 (D0), 4477 (D0), 5058, 
5062, 8106 (19)

 162 8104, 1400, 2473 1054, 1080, 1091, 1131, 1143, 1157, 1229, 1246, 1433, 1537, 2080, 
2180, 2408, 2473, 2569, 2636, 2648, 2660, 3111, 4075:10, 4075:20, 
4107, 4085, 4126, 6214, 8122, ICIT 401, ICIT 136, ICIT 537, ICIT 
1669, ICIT 0951, ICIT 2489, ICIT 3148, ICIT 3226, ICIT 3315, ICIT 
4195, ICIT 4260 (37)

 328 (Dx) 1475, 1477 2612 (D0), 4316, 4356 (D0), 4477 (D0), 4485, ICIT 0463, ICIT 1709 (4)

Table 4   See ESM4. Sign behaviour of  267a with and without 99 
as suffix

 99-267a: 144/178  267a: 34/178

Table 5   See ESM5. Sign behaviour of  267 and  267a in relation 
to comparison sign x 
 59 2235 and 2667 1014, 1019, 1032, 1082, 1103,  

1554, 2826, 3042, 3164, 4005,  
4053, 4101, 4232, 4812, and 6129

7  This may not be the case with  328 and  329 as 99 suffixes to 
329 in 3060 (M-279) and 4079 (H-408).

8  All but one of them (4827) are from Mohenjodaro, on a seal or tab-
let. The lone exception from Harappa is a pottery graffiti. In numer-
ous other sequences, one of the 342 s modifies to a 343, 344, or 345.
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5.4.1 � Convergence of 99 and  344

It is quite significant that 99 does not usually repeat in a 
sequence. The understanding of 99 that emerges in this 
paper is that it is a device to turn a sequence. It is a transpo-
sition marker. A transposition marked twice nullifies trans-
position. Hence, the repetition of 99 that we see in    
     8006 is most likely aberrant, a scribal error. 
If it is not an error, then the sequence has to be seen in two 
distinct segments, each starting with .

The constraint that 99 does not repeat in a sequence 
rubs off on  344 as well, and reinforces the understanding 
that the latter is a marked version of  342 infixed with 99. 
An exception is apparent on K-43, Fig. 9. The sequence is 
       8039 as documented in M77 (cf. ICIT 
  ▩  ▩ ). This apparent exception is extraordinarily 
illuminating.

K-43 provides additional evidence for (1) the synonymy 
between sign 99 and the turning goat, and (2) that  344 
is  342 with an infixed 99, where the modified sign corre-
sponds with a turning animal, an urus in this case. Between 
M-272 in Fig. 2 and K-43 in Fig. 9, the animals are differ-
ent, but the animal action, to turn, is the same and so are the 
signs that denote the action in two different contexts.

Earlier in Sect. 3, attention was turned to a line break in a 
sign sequence, to when a line break should be taken as such, 
and when it can or should be negated. From the caption to 
Fig. 9, it is quite apparent that the line breaks in K-43 are 
literal. M77 and ICIT document it erroneously in a single 
line. The arrangement of the sequence/s is seemingly hap-
hazard. But it is highly ordered. There are three heads and 

they correspond to three sequences. There are seven seal-
impressions in CISI, and a few more outside, with joined 
animals. Other sequences, such as the one on M-1169, flatten 
the signs into a single line. K-43 offers a unique, structural 
view.

5.5 � 99 as a prefix?

M77 reports 99 twice in the initial position, and it comes 
before  380 in both cases (Fig. 10). This raises the ques-
tion, What is 99, a sign that sits in the middle and turns 
sequences, doing in the initial position? The occurrences are 
on a bar seal from Lothal (7021, L-87) and a square unicorn 
seal from Mohenjodaro (2021, M-982). There is a third case, 
not listed in M77, but given in CISI (M-1718, row 23 in 
ESM1). Though the initial 2-stroke is in the upper register 
on M-982 and M-1718, I take it to be 100, which has the 
two strokes in the middle third, which occurs 12 times in 
M77 in the initial position. This raises and partly validates 
the suspicion that some, if not all, of the 99s that we see in 
the initial position are actually 100s. On both M-982 and 
M-1917, the unicorn’s horn cramps and corners it to the top. 
This singles out 7021 (L-87) as the only legitimate occur-
rence for 99 in the initial position, which may be a scribal 
error, and not so legitimate then. Another possibility is that 
a seal that bears 99 in the initial position is a continuation 
seal and has a companion seal. There is no evidence for a 
companion seal for L-87. A different type of companionship 
of seals is covered in Sect. 10.

Sign 99 appears in the terminal position 12 times, says 
M77. This may sound as absurd as 99 in the initial position, 

Table 6   See ESM6. 99 as an infix to  342 in  344, with  344 before and  342 after in a same sequence

1)    2253. A transposition marker, 99 infixes here to  344 in an initial position. The context for the marking in 2253 is easily under-
stood when the sequence is temporarily deconstructed as   . Then, 99 is doing its usual job and marks the transposition of  342 to 
before  347. And since  342 has the space to accommodate 99, the latter infixes. It is a perfect, if not immediately apparent, case of D1 
99 in  344

11)        8039. There are two line breaks that produce a)  , b)   , and c)  . 8039a and 8039b are relevant to the dis-
cussion at hand as they both feature . As they both feature  344 in the initial position, to investigate them, we will temporarily deconstruct 
them to   and   . For  342 to come before  217 in a sequence, a D1 transposition marker becomes necessary. The opposite 
is true for  342 after  217, as they occur in    7044 and a few other cases. The picture is not any different for   . The stand-
ard sign order for  103 and  342 is  103 before and  342 after, 24 times in M77. In the only instance in 8039b when this order reverses, 
99, rather  344, becomes necessary as a D1 transposition marker

Table 7   See ESM7. 99 as an infix to  342 in  344, with  344 and sans  342 in a same sequence

1)   8212. Compare this with   7029. And we immediately know what 99 is doing in  344, and why. The count for  216 before  
342 is 28 (ICIT). The count for  342 before  216 is 7 (ICIT). These exceptions compel scrutiny. 2317

          is one such case. There is a  342 before  216 in 2317 and it is not marked in an obvious way. This is a D3 anisot-
ropy, where sign doubling in a line,  342 in this case, becomes its own agency and marker. In      2281 and      7069, the 
transposition   is adjacent and it causes a D2 marker outside its range in each case. 99 in 2281, and 123 in 7069
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but it is legitimate the moment 99 is recognised as a suffix 
and not an independent sign. And for this, examples abound.

 (180) in 6402.  (267) in 4441, 4443, 8022, 9202, 
and 9203.  (284) on 2554. The aforementioned sequences 
show 99 as a pure suffix. There are of course hundreds of 
strings with more signs after 99, the longest of them with 
as many as eight signs in          (2335). 
There are also hundreds of sequences with signs before the 
modified base sign.          2109 is among the 
longest with six signs before.

5.6 � Summary of sign behaviour for 99

Figure 11a shows an Indus sign 99, and its mnemonic, 
the turning goat. Figure 11b–d show the sign and the 
mnemonic, as both adapt in context. Figure 11e features 
the mnemonic but skips the sign. In Figure 11f, they pair 
again, and a mnemonic, an elephant, turns the other way. 
In Figure 11g, 99 shows a first degree of separation from 
its mnemonic twin, and shows with a different animal that 
does not turn. In Figure 11h, 99 shows a second degree 
of separation from its mnemonic twin, and is completely 
free from visual symbolism. 

The conventionalisation of a sign traces to its fron-
tality and its mnemonic counterpart. A sign and its 
semantic value are introduced with a defining mne-
monic. When more than one symbol faces a sign, the 
semantic is associative rather than definitive.

The growth of a sign as an aerial sign in standard usage 
emerges in three stages in relation to the visual symbolism 
of Indus: 1. With a mnemonic twin, 2. With a mnemonic 
other, and 3. Post-mnemonic. In the latter stages, the origi-
nal mnemonic is recalled.

99 and the turning goat are like A for Apple. Once 
the value of A is understood, the Apple is no longer 
needed, and the A can be applied to Ant, Arrow, 
Action… or back to Apple.

In summary, 99 is conceived to signal a transposition in a 
sequence. The essence of its meaning is illustrated by animal 
behaviour that turns. They recall each other, in mutual pres-
ence at first, and in mutual absence thereafter. Animal behav-
iour and sign behaviour are analogous and synonymous.

5.6.1  �Gharial denotes fish and vice versa

Proceeding from animal gaze, the sign in front, and their 
combined behaviour, we can see something similar for  
59 and gharial, a similar pattern of pairing with a mne-
monic, and eventually, independent usage of the sign. See 

Fig. 4. The fish sign is frontal with many Indus symbols. 
It connects directly with the fish-eating gharial.  59 rises 
from the reptile’s snout, lifts to an aerial sign, doubles, 
repeats, varies, modifies, forms pairs and triplets, and 
takes a central position in the Indus sign system. cf. Bonta 
(2010, Tables 1.4–1.7 and Chapter 2).

6  �Sign doubling and differential markers

The functional values for 97 and 123 reveal when we fol-
low the dynamics of sign doubling with the data in  ESM8 
and Table 8.

Sign doubling is the shortest distance from appearance to 
behaviour. Some Indus signs triple, and one of them quadru-
ples, with adjacency. When a sign and its doppelgänger sin-
gle out and move apart, how do we tell which one is which? 
The question carries with it the assumption that when a sign 
doubles, especially within a line, it is not merely a repetition 
but an assertion of the sign’s duality. We will see.

Sign doubling on the x axis of an inscription occurs as 
one of the following types:

1.	 Adjacent doubling (including doubling and mirroring, 
doubling and opposing, on the x axis).

2.	 Distant doubling, where a sign repeats in a sequence at 
some distance from its first occurrence in a sequence.

In ESM8, there are 40 Indus signs that double. Two of them 
are excerpted and shown in Table 8. 18 signs produce adja-
cent doubles. 11 signs produce distant doubles. 11 signs pro-
duce adjacent and distant doubles. Three signs mirror. One 
sign doubles and opposes. In two sequences, an adjacent 
double and a distant double co-occur, one of them in row 29, 
Table 8 and ESM8. Let us start with the last case.

       1004.       4123. The signs 
involved are  245 in 1004 and  307 in 4123. These two 
instances present simultaneous evidence for how a sign dou-
ble deconstructs to become a single and how a single sign 
doubles. From this, it seems reasonable, even obvious, that 
when a sign has an adjacent double and also singles out in 
usage, within a sequence or elsewhere, there are actually two 
of them. Let us deconstruct every double, triple, or quadru-
ple to a single and see how the single behaves on its own.

As an aside, the doubled entity may be phonological or 
geographical or both. What matters is not the nature of the 
entity but that it has multiples. So let us take Indus at face 
value and see where it takes us.

Indus has four  162s, borne by      2322. Indus 
has three  293s, shown in    4283. Every other sign 
in ESM8 doubles, most certainly those which single out 
in usage. When one of these signs singles out in usage, 
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in certain contexts, such a single sign needs an extrinsic 
marker, to differentiate which of the two, three, or four signs 
THAT single one is.

Sign  162, of which there are four, uses three markers: 
, , . There is possibly a fourth extrinsic marker . 
The sign appears unmarked , in default state, most of the 
time. But certain contexts demand that an extrinsic marker 
be invoked. The purpose of marking is to differentiate , 
, and . Such marking is common to all Indus sign dou-
bles that single out in usage. In the last column in ESM8 
at least one sequence is illustrated.

There is  391, and , . There is  59, and , . 
There is  293, and , . The signs in the remaining rows 
combine with one of 97 or 123, and there is no data for 
both combinations. There is  342 and  97–342, or  343, 
but no  123-342. The same is true for  211 and  127.

A sign like  293, which is asymmetrical, mirrors as it 
doubles, in       1457. Sign 287 doubles in    
         , and mirrors and opposes in    
    2685. Sign  216 mirrors adjacently and faces 
its double in    7044.

A cuboid seal 1471 (M-331) with content on four faces 
from Mohenjodaro, Fig. 12, sheds more light. On one face, 
1471 has  299 and  98, the former a mirror of the vastly 
more popular  287. On the opposite face, a sequence of 8 
signs begins with  299. It has content on two more faces. One 
of them bears a single sign,  102. The other has four signs, 
where  299 doubles to book-end the sequence,    .

From one seal we get the full picture of the behaviour of  
299 and  287. It singles out on one face in right orientation 
. On the opposite face of the seal it doubles, opposes to left 
orientation, and flanks a single sign   , and on a third face, 
it doubles and trails to enclose two signs in between    .

This sign order and orientation are reversed on a 
Banawali tablet,         9211 (B-24). A sign 
system cannot make it more obvious. Indus is telling us 
with utter clarity that  287 sometimes becomes  299. And 
1471 and 9211 attempt to explain what happens when one 
becomes the other. Significantly,  299 and  287 never 
double to face each other, this combination () does not exist, 
except as an enclosure, for instance, in  63 and similar.

Now, both M77 and ICIT consider this  as a sepa-
rate sign. 1471 shows how it deconstructs to  +  + , 
287 + 155 + 299. Also, M77 and ICIT consider each mir-
rored version  a separate sign , and the combination of the 

mirrored and opposed versions  as yet another sign. 9211 
and 1471 think differently. Each is a point-of-view narra-
tive. Mohenjodaro tells it in one order and orientation, and 
Banawali the other.

On a different note, the deconstruction of  176 gives 
us a window to deconstruct all signs thus enclosed,  9,  
122,  144, and ICIT 793. The deconstructive principle 
may also apply to signs enclosed by a line on either side 
instead of a curve, e.g., sign 002 .

Getting back to sign doubling and how Indus manages 
multiple identities of a sign  287, the more frequent form 
uses 97 in certain contexts, like in 1713 and 1083, (identi-
cal sequences),       .

From the above it deduces that 97 and 123 mark a 
specific otherness of a sign form. 97 is differential 
marker 1.  123 is differential marker 2. Sign mir-
roring plus relative orientation is differential maker 3.

The count for the base signs of 123 is 32 (List 1 in 
ESM8). The count for the base signs of 97 is 41 (List 
2 in ESM8). They suffix only to signs that double, as 
a differential marker.

Sign  373 and  176 seem exceptional.  373 is symmetri-
cal and cannot use a mirror. It does not also use a differential 
maker, 97 or 123. At this point, if we take the parallel from 
 342 and  343, and apply it to  373 on the basis that 
when space allows it, 97 can infix, then  375 reveals as a 
marked version of  373.  176 avoids an extrinsic marker 
but mirrors. To summarise:

An Indus sign that doubles uses a differential marker 
when it singles out in context. The more plural a sign, 
more its differential markers. For each plural sign, 
there is an Indus seal that declares the plurality.

Even a sign that doubles and then singles out in usage can 
function entirely without 97 or 123. This is borne by sign 
 176 which uses a mirror alone  as a differential marker. 
Sometimes a shape variance does the job as we saw with  
267 and  267a.

A sign that does not double needs no differential marker. 
Negative evidence to that effect would be compelling. And 
an inquiry to this effect produces a lone exception for sign 
 336, not a sign that doubles, in      2440 (M-65). 
It is almost the case also with  267/ 267a. The signs are 

Table 8   See ESM8. Adjacent 
doubling and distant doubling in 
an Indus sign sequence

Sign Adjacent double Distant double Single with 97, 123, or both

4  59            
2436, 4324, 7277, 9905

1237,          
 2614, 3067, 6233

     1071, 2231, 
2439, 2496, 8043, 9903; 
1211

     , 2524, 7282
29  307       4123       4123       9111
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symmetrical and cannot mirror. Neither sign doubles in a 
line ever, hence does not need 97 or 123. But the case is 
not black and white as it may appear.

6.1  �Differential markers and habitual strings

The differential markers 97 and 123 suffix to both  267 
and  267a in special circumstances. That circumstance is 
when  402 pairs with  267 or  267a. To illustrate:

Statement 1a, 97 after  267:     1067,   
   3318 and 3415, and      ICIT 3219.

Statement 1b, 123 after  267: None

Statement 2a, 97 after  267a:     1203

Statement 2b, 123 after  267a:      2419,  
   2635

From the two statement sets above, it becomes evident that 
97 and 123 are used as differential markers not only with 
individual signs but also with habitual strings.  402 (ICIT 
365, 367, and 368) and  267a pair 21 times in ICIT.  
402 and  267 pair 13 times.

According to ICIT, there is one other sign  180 that 
needs the differential marker 97, even though 180 or its 
variants never double in a line, in         1552 
(M-45),      1319 (M-1087), and       
ICIT 3557 (M-1221). Only in the last case it verifies visu-
ally that the marker is in the upper register. In the first two, 
the marker is in the middle register,  98. With cramping 
an ever-present reality, it is typical that a  98 can become 
a  97 or vice versa. This misleads and ICIT is misled. 
The functional value of  98 is quite different as we will 
investigate and find out in the following section.

It is instructive that there is no such confusion with 123. 
By accident or scribal error it never suffixes to a sign that 
does not double. It is a necessary behaviour for  97 as well.

Of the two extrinsic differential markers, 97 is 
inclined to terminal proximities in a sequence whereas 
123 is inclined to initial proximities. Of four signs that 
123 suffixes to at significant frequencies,  216,  293, 
 391, and  150, the first two are asymmetrical and pro-
duce mirrored doubles. The latter two are symmetrical. It 
may be of some significance that the symmetrical signs  
and  stay always to the right of 123 in every sequence, 
while the two asymmetrical signs  and  appear on either 
side, but never in a same sequence, e.g.,  216 occurs 
after in     2010 and before in    3068.

In summary, the behaviour of 97 provides the evi-
dence for the behaviour of 123 and vice versa. They 
are functionally complementary. Together they prove 
that about 40 Indus signs counted in ESM6–7 which 

double in a sequence have dual identities or greater, 
a quadruple being the maximum.

The sign dynamic explored here is a 3-way exchange 
between formative signs, the habitual strings that they 
often append to, and the way a sign gets marked in a 
string. An understanding of this dynamic helps us with a 
larger understanding of sign behaviour in general:

A formative Indus sign propagates in four different 
ways: 1. In its formative self, 2. In marked versions 
with additive intrinsic markers, 3. In habitual strings 
with other formative signs or their marked versions, 
and 4. In a standard sign order as in an F3 sequence 
and as re-ordered in a sequence with markers of ani-
sotropy to signal the re-ordering.

7 � A neutral marker  98

The positional range for  98 is anywhere from first to 
terminal in a sequence. It is an initial sign in 2588    
   with 5 signs after. Wells (2011) charts  98, ICIT 
001, by position within a sequence and ‘fields’ (after Fuls, 
2013, pp. 253–275; Wells, 2011) within a sequence. But 
once again, Wells and Fuls conflate  97 and  98, deny 
the latter, and assign a singular ICIT number 001. There 
is no adequate explanation in the literature of Wells since 
1998 to the present to justify his disregard for sign posi-
tion on the y axis, whether with  97 and  98, or 99 
and  100, which become ICIT 001 and 002 respectively. 
It is even harder to explain since Wells keeps increasing 
the sign count and singletons for Indus otherwise, but 
does just the opposite when it comes to ICIT 001 and 002.

97 and  98 can be easily shown to be completely dif-
ferent by behaviour. In M77, 97 repeats in a line, while  
98 never does. They never co-occur in a sequence in M77.

 98 has earlier been assumed to be an affixing marker, 
along with 97, 99, etc. Since it cannot be left to assump-
tion, it is now tested to see if it is a formative sign or if it is 
an inferior sign that affixes. To recall, the simulated pair that 
leads to 18 entries of anisotropy in ESM2 is 347–398,  , 
from     1385. We shall examine these 18 entries to see 
what  98 is doing in each. Does it even matter that  98 is 
there? What if we remove it from each sequence to see how 
the sequence behaves in the absence of  98? The method is 
what I call null simulation. It eliminates a sign in question,  
98 in this case, to see how the rest of the sequence behaves.

The method is illustrated with the help of one sequence 
here and the rest are compiled in ESM9. Let’s begin with  
   2450. After removing  98 from this sequence, we 
get a new synthesised sequence:   . The synthesised 
sequence has a new pair, 347–267a  . The suffix 99 is not 
considered since we know that it is not an independent sign.
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Working with 347–267a  , we next see where the 
pair reproduces in the same sign order and where it trans-
poses to 267a–347  . Two statements, each a set of 
sequences, obtain as below, and they become candidates 
for a comparative analysis:

Statement 1, from     2450 with null simula-
tion leads to  347 after  267a. This leads to 11 
results for the null simulation in ICIT only one of 
which needs a  98 in between: 2450.

Statement 2, the transposed sign order 267a-347   
leads to 3 results, ICIT 3858:
        , 2687:    </>      , 
and 1400:

       </>     </>     .

Comparing the two statements above leads to the observa-
tion that in relation to the three sequences in Statement 2, 
2450    , or its synthesised version without  98, 
carries a D1 marker, 99.

The comparative analysis thus raises the suspicion that 
 98 is redundant, or neutral to sign order, which however 
does not imply that  98 is semantically void. In ESM9, 
we verify this potential redundancy with 18 sequences 
extracted from ESM2 which carry  98. To verify, we 
remove  98 from a given sequence, take the new adja-
cent pair that this null simulation produces, and study all 
transpositions thereof to see if and how the anisotropies 
are signalled. M77 reports 88 occurrences for  98 and 
ESM9 deals with about a fifth of them (Table 9).

The analysis of ESM9 reckons the data in the left and 
right columns separately and then correlates them. Each 
column produces a set of statements:

Statement 1, left column: A considered sign order 
accepts a  98 once in each case, twice in row 13. The 
total count is 18 of 101. The predominant tendency is 
to do without  98. The sign is an effacing marker.

Statement 2, right column: Data for the trans-
posed sign order after null simulation spots out Dx 
instances, meant to contradict that a given sign order 
and its transposition should have a marker of anisot-
ropy (one of D1-D5). We have three cases, 1. In 9 of 
18 instances, rows 2 to 10 in ESM9, there is no data 
to correlate, Dx = 0/0. 2. In 5 instances, rows 14 to 
18, Dx = 0/x where x > 0, it evidences that  98 can 
be dropped and sign order and transposition follow 
a pattern that is consistent with the signalling pattern 
reported so far in this paper. 3. In 3 other instances, 
rows 11 to 13, Dx = 2/55, 2/11, or 2/3.

Case 3 produces three sets of contradictory data. 2/55, from 
row 11, can be taken as marginal. 2/11, from row 12, is 

middling. 2/3, from row 13, is significant. The significant 
case involves sign  391, a sign that stands above and apart 
from the patterns of anisotropic signalling reported in this 
paper. In the presence of  391, sign order becomes fluid 
as can be seen in row 13. It most likely owes to the fact that 
there are three    391s in the Indus signary, and we 
cannot always tell which one is which with clarity at this 
point, even though the sign uses differential markers like 
97 and  123 quite liberally. This glitch apart, the inquiry 
above verifies that the interpolation of  98 in a sequence 
does not impact sign order. As a marker,  98 is neutral. The 
transpositions relate to the null-simulated sign order in a 
manner that is consistent with the overall patterns reported 
in the paper so far. What this means is, the relative sign order 
reproduces one of D1-D5, and occasionally produces a Dx.

The data in ESM9 also tells us that  98 does not affix to 
a base sign. And  98 may be a base sign in its own right. 
This confirms when we compare ▩     2044 and  
    6116. In 2044,  98 occurs after a habitual string 
 , and in 6116, it occurs before the sign string. Promptly, 
99 kicks into action, suffixes to  98, and we have another 
perfect case of D2 with a paired agency for anisotropy and 
its marker 99.

All said, what is the exact functional value of  98? What 
kind of a sign can be dropped from a sequence or inserted 
into it with no impact on sign order? Could it be that  98 is 
a sign that indicates that something has been omitted, like 
the modern ellipsis (…), or etcetera (etc.)? Could  98 be 
the equivalent of an n/m dash that is often used to indicate a 
range like 1—10, or A—Z? The cuboid seal 1471 (M-331) 
that we saw earlier with content on four faces from Mohen-
jodaro, Fig. 12, teases.

On one face, 1471 has  98 and  299, a mirror of  
287. On the opposite face, a sequence of 8 signs begins 
with  299. It seems that the short expression on one face 

expands to </>  on the opposite face, 
like title and subtitle. And if that be the case, in the short 
version,  98 means ‘etcetera’. In the long version on the 
opposite side, the ‘etcetera’ expands and explains. Effec-
tively, the  98 in the short version in this context is equal 
to seven signs in the expanded version with the line break 
negated, or four signs with the line break retained.

Many Indus seal-impressions with content on opposite 
faces may bear such a relationship. The full exploration 
of such a relationship remains presently unattempted and 
should be considered an important limitation of this study.

Getting back to  98, it can be argued with some con-
viction that a sequence-shortening device must have been a 
welcome relief to seal carvers that labour through with min-
iatures in stone. But graphologically,  98 does not remain 
singular and this raises a very uncomfortable question. The 
short straight stroke in the middle register doubles, triples, 
quadruples, and so on and there is  100,  102,  104… up to 
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 115 with as many as nine strokes, and we are only speak-
ing of those in a single (middle) register. If  98 represents a 
bunch of skipped signs, as posited above, does a multiple of  

98 represent more skipped signs? The rhetorical answer is, a 
sign that is meant to shorten a sequence is unlikely to multiply 
to become longer and longer. We know for a fact that  98 is 
an effacing marker from Statement 1 above.

Table 9   See ESM9. Null simulation for  98 and its consequence for a given sign order and its transposed sign order

Given sign order, with  98 in between

Null simulation Null simulation with transposition

11 1385 (M-):     (1/10) (Dx = 2/55)
 86 after  342. ICIT confirms 10 results for the same sign order 

only one of which needs a  98 in between:       1347
 342 after  86. ICIT shows 55 results for the transposed sign order 

two of which report a Dx instance in relation to the null-simulated 
1385 and 1347: 1263, ICIT 3394

12 2069 (M-634):           (1/11) (Dx = 2/11)
 171 after  391. ICIT confirms 11 results for this sign order only 

one of which needs a  98 in between: 2069
 391 after  171 occurs four times in ICIT. 4245:
      , 4603    , 4606    , and ICIT 4235   

Fig. 9   K-43 (8039) features an animal with three heads and a sign 
sequence recorded as contiguous in M77. The sequence may be 
in three distinct segments, or three independent sequences. Each 
segment corresponds to one head. An urus turns to look at a verti-
cally stacked segment 1:  . This is reminiscent of M-272 in  
Fig.  2 where a goat turns to look at sign 99. Here, it is  344, a 
sign infixed with 99. Looking in the opposite direction is a unicorn 
captioned by segment 2, which runs zigzag with another 344:   . 
Segment 3 carries the pair,  , and corresponds to the bison. Seg-
mentation clarifies that  344 does not repeat in a same sequence. 
Image courtesy of CISI. Not to scale

Fig. 10   Sign 99 is initial on L-87 (above) and M-982. Images cour-
tesy of CISI. Not to scale

Fig. 11   The origin, development, and stable usage of an Indus 
sign 99. Clockwise from top left: a 99 begins as a frontal sign 
on M-272, with a turning goat. b 99 becomes an aerial sign with 
another turning goat on H-702. c Where 99 goes animals turn, 
M-1169. d On K-43, 99 infixes to 342, twice, and heads turn. e 
M-1170 skips 99, where it is expected but isn’t. f 99 infixes again 
to 342 in M-304, and an elephant looks away. g Where 99 goes, a 
sequence turns (one example with an animal that does not turn, zebu, 
on M-318), and h Where 99 goes, a sequence turns (one example 
without a symbol, M-1273). The turning goat is a mnemonic for 99. 
Once understood, the animal symbolism is discarded from usage, 
the mnemonic need not repeat. 99 modifies direction in 622 lines 
in M77 for 99–267 , and signs that come before or after  267, 
discussed in the article. Images from CISI, not to scale
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8 � Formative signs and intrinsic markers

Sign behaviour suggests that Indus writing is formulated 
with a set of formative signs that are then manipulated 
in context by the use of an intrinsic marker, an extrinsic 
marker, or both. We know a fair bit by now about the nature 
and function of a few extrinsic markers like 99, 97, 123, 
and  98. We also know a few other extrinsic markers for 
what they are but not for what they do, like  100 and  102, 
to mention a couple. We are also aware of the trickiness of 
binarising them from the way some extrinsic markers infix, 
like in  343 and  344, and seem intrinsic by appearance. 
A circumfix may also be a case of an extrinsic marker.

The Indus sign system styles the circumfix in three dif-
ferent ways, with strokes, curves, or a shape. Strokes and 
curves are open. A shape is closed. Short strokes, single or 
doubled, take the corners. Long strokes take the sides. A 
curve doubles, and sometimes mirrors, to become a circum-
fix. Occasionally, a curve or a line is horned.

In Fig.  13, a genealogical relationship is expressed 
between a formative sign and its marked versions, with 
additive features by way of intrinsic and extrinsic mark-
ers. Figure 13a explores this for a symmetrical sign  59 
and Fig. 13b deals with an asymmetrical sign  216. This 
preliminary investigation discerns that sign-featuring is 
formulaic and follows repetitive and predictable design 
principles, determined by the spatial aspects of a forma-
tive sign.

When a formative sign and its marked versions relate 
genealogically as in Fig. 13, such a group may be called a 
sign family. There is a logic to the choice of the two sign 
families. Both show variety as illustrated in Fig. 13. Each 
additive feature that affects the formative sign can be unam-
biguously articulated, which must be necessary for every 
marked version produced from any formative sign. The 
appearance of a sign and its marked versions must be orally 

transmissible in any language. In Fig. 13a, the formative 
sign is a fish with two fins. The additive features in branch 3 
of Fig. 13a, from left to right is  two fins vertical stroke,  
two fins horizontal stroke [, ],  two fins diagonal stroke 
[],  two fins with roof [, , , , ],  four fins [, 
, , , , ],  four fins and ‘antennae’ [],  six dorsal 
fins. The variant/s of each marked version is given in square 
brackets. A variant does not verbally distinguish.

There is one formative sign,  59, and seven marked 
versions each with a different intrinsic marker. If the 
formative sign recalls the the fish-eating gharial as ini-
tially suggested in Section 2.3, the reptile must have 
been a collective noun for every type of fish in the 
Indus signary.

It may be contentious that I have left out two other types of 
fish,  finless fish and  winged fish. A classification that 
can lead us to a new sign list is an ongoing exercise. The 
point of note here is that in the Indus sign system, there is 
a formative sign and versions are created by using intrinsic 
markers. The number of intrinsic markers vary as needed. 
The manner in which a formative sign takes on an additive 
intrinsic marker follows a design logic, and is dictated by 
spatial considerations. We see this for one more sign in the 
following section.

8.1 �  244 and its marked versions

In M77, the sign  from 4345, and the sign  from the F3 
sequence 1550 are both normalised to . Such normalisa-
tions lead to anisotropies with no apparent agency or marker, 
Dx. Therefore sign variance in such cases has to be con-
strued as sign differentiation. The differences we see in , 
, and  are not a case of scribal variance. By appearance, 
the signs are similar. By behaviour, they are not. But they 
are not so far away in either regard from each other that they 
have to be made binary and catalogued as different signs 
as ICIT does. It is in fact extremely profitable to assign a 
numeric value to  244 and assign alphanumeric values like 
244x and 244y to , and . ESM10 and its child, Table 10, 
relate  244 and its marked versions positionally vis-a-vis 
 342. The range of variance includes all the signs cata-
logued in ICIT as 629 to 642. The normalised form of 244 
from M77 is taken as the formative sign, the remaining units 
with intrinsic markers are labelled as 244a, b, and so on, and 
matched with the corresponding ICIT number.

Only the formative sign  244 occurs on either side of 
 342, and each time it occurs before, 99 comes into play. 
The formative sign  244 is indicative of how its marked 
versions with intrinsic marker/s relate to each other.

The notion of a formative sign that produces several 
marked versions makes for a smaller sign list, much smaller, 

Fig. 12   Four faces of a cuboid seal 1471, M-331. The greater and the 
lesser faces are back to back, respectively. Two faces of this with no 
content are omitted from the figure. Images courtesy of CISI. Not to 
scale
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in the region of 20–25, not 400–700 as is the case with M77-
ICIT. This would have made it very easy for the scribes to 
remember, along with a handful of tactical devices, mark-
ers, to manipulate a sign into context. It also helps that this 
scribal practise is envisaged together with a set of mnemon-
ics, the animal symbols.

8.2 � Sign families and comparative behaviour

In Sect. 8, we examined  59 and its marked versions, 
the ‘fish family’, and  216 and its marked versions, the 
‘lazy eight family’. In Sect. 8.1, we paid attention to  244 
and its marked versions, the ‘box family’. There are more 
such families. For now, I take the  59 family and  244 
family for comparison. Their relative behaviours contrast 
sharply.  244 and its marked versions, 244a-k in ESM10, 
avoid each other entirely in a sequence. There is not a single 
co-occurrence except when a family member doubles in a 
sequence. The opposite is true for the  59 family whose 
members bond a great deal with each other. There are many 
sign families like the  244 family that avoid their kin in a 
sequence. There are also sign families like the  59 fam-
ily that attract their kin into a sequence. A vast majority of 
sign families are like the  244 family. A minority of sign 
families attract their kin, but none with the intensity or on 
the scale of the  59 family. Its members clump together 
frequently and transpose.

An important characteristic that deduces from kins that 
are averse to cooccurrence and those that are attracted to 
each other is, in the former category, a marked version 

replaces the parent sign, whereas in the latter category, a 
marked version often joins the parent, its kins, or both.

8.3  �D5 markers in the fish family

Studying the transpositional dynamics between  59 and 
fish family signs like  67 legitimises D5 as a category, 
and an intrinsic marker as its signalling device. One case is 
presented below in Table 11, excerpted from ESM11. The 
supplementary catalogue contains six cases in all, each a set 
of comparative statements.

8.4 � Other D5 markers

The data for this section is from ESM12. It extracts D5 
occurrences from ESM2 (other than the fish family) and 
shows them for what they are with cross-referenced 
sequences (Table 12).

This manner of marking a formative sign to produce 
a context-sensitive version that justifies a sign order 
is a universal principle of Indus sign design and dis-
tribution.

Fig. 13   a Left. Sign  59, taken as formative sign, is a fish with two 
fins. The sign is symmetrical. Branch v is a variant. Branch 1 shows 
two types of circumfix, each an extrinsic marker. Branch 2 shows 
how the circumfix encloses the formative sign as it groups with 
another formative sign. Branch 3 leads to seven versions each with 
an intrinsic marker. Four of them are marked with a circumfix, just as 

the formative sign. b Right. Sign 216, taken as a formative sign, is an 
angular lazy eight that is open on the right. The sign is asymmetrical. 
In the first branch, it mirrors. In the second branch, it produces nine 
versions with intrinsic markers. One of them produces two branches. 
Branch c leads to compounds with 216 as an inset. The other branch 
leads to a circumfix

Table 10   See ESM10. Sign behaviour of  244 and its variants vis-
a-vis 342. 2 of 14 cases

Sign x Before  342 After 

244a/630
27 None

 244/632 4 2
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 The broad narrative of Sect. 8 points to a dual nature of 
D5. It substitutes a D1 or a D2 marker. D5 substitutes D1 
where an anisotropy is always within the simulation range. 
D5 substitutes D2 when the marker is pushed out of the 
simulation range.

9 � Agencies and markers of isotropy

There is a set of Indus signs whose behaviour indicates 
that they may occur on either side of a reference sign  
with no marker of any kind to signal the transposition. 
Signs of this nature that show up in ESM3 are  86,  89, 
and  328.

This F3 sequence     1385 is the reference to study 
the behaviour of  86. The sign order  86 after  342 repeats 
four times in 1347, 6125, 6231, and ICIT 4016. In ESM2, 
row 17d, the sign order transposes 22 times to  342 after  
86. The transposition is not marked with any of D1-D5, and 
they are labelled D0.

       </>     </>      1400 is the 
reference sequence to study the behaviour of  89. The sign 
order 267a after  89 repeats in ICIT 4151. The two signs 
transpose three times in     2706,     ▩ 4356, 
and       4477. The transposition, with or without 
adjacency, is not marked with any of D1-D5, and they are 
labelled D0.

   1475 is the reference sequence to study the 
behaviour of  328 in which  267 occurs after. The two 
signs transpose twice in       2612 and ▩   ▩ 
ICIT 1709. The transposition, with or without adjacency, is 
not marked with any of D1-D5, and they are labelled D0.

From the behaviour of these three signs, the Indus sign 
system may be understood to be selectively isotropic, 
quite likely minimally.

The number of signs that operate isotropically may be more 
than the three reported. Data obtains for  86,  89, and  
328, in Tables 2 and 3, as a consequence of starting out with 
F3 sequences.

10 � Companion seals

Companion seals is another observation that arises from 
the cataloguing of frontal signs and the animals. Table 13 
organises them by companionship. An animal in right ori-
entation on one seal faces another animal in left orientation 
on another seal and they both share the same frontal sign. 
The frontal sign in such cases can be taken as a subject line 
of a conversation between the two animals, and a form of 
acknowledgement. A seal is talking to another seal.

It is difficult, if not impossible, to say who initiated the 
conversation and who responded. There is negative evidence 
for an animal talking to itself, the same animal on two differ-
ent seals in two different orientations with the same frontal 
sign does not exist.

Examples of companion seals survive for 162—5 seals 
(3R/2L),  211—3 seals (1R/2L),  59—4 seals (1R/2L), 
and  242—2 seals (1R/1L).

The notion of companion seals sheds new light on the role 
of the perforation which is common to seal-impressions of 
differing morphology. Companion seals are quite likely to 
have been strung together and filed away. It also raises the 
possibility that Indus seals may have to be thought of as a 
string of seals with sign sequences coalescing into each other.

Bilateral records, analogous to the companion seals 
reported here, are known from Meadow and Kenoyer 
(2000) and Kenoyer (2005), though of a different kind, 
where a tablet, M-446, is broken in two halves and each 
half is retained by a different party. This paper furthers 
that notion and shows companionship between seals with 

Table 11   See ESM11. An intrinsic marker in the fish family as a signal of anisotropy

 59 occurs eleven times before  67 in M77. What happens when they transpose? In       7220 and 7252 (identical),  59 after  
67 is not adjacent and the sequence should carry a marker of anisotropy within the range of the two signs, but it does not. Instead,  72 joins 
 59 and if the diagonal slash inside the fish in the former can be taken as a marked version of  59, then this is D5. In     3074, the 
two signs pair and a D5 signalling occurs just before the sign pair, signalled by a ^ roof above the fish in  65

Table 12   See ESM12. An intrinsic marker in a sign family as a signal of anisotropy

From row 13c5 in ESM1. 2137 (M-719): ▩    . This is labelled D5 on the basis that  is a marked version of  244. To verify, we look 
at co-occurrences for 342, 162, and 244. There is one more result for this besides 2137,             1087 (M-38). Between 
2137 and 1087, sign order is the same. In 2137, 342 and 162 are adjacent. This agency needs to yield a D2 marker. The expected marker goes 
missing. Instead, there is an unexpected marker, D5. In D5, the marking is intrinsic, not an affix.  >  in 2137
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animals in opposite orientations and a common frontal sign. 
The twisted tablets of Indus may also represent a different 
form of companionship, especially those with two strips of 
clay pressed together and twisted to bind them into one. In 
a much broader sense, every message expressed on a seal-
impression ought to have had a sender and a receiver, a From 

address and a To address, the basic minimum without which 
a communication system cannot be understood as one. To 
quote:

The primary audience for the seal imagery in each 
setting was other participants… Pittman (2018, pp. 
13–34).

Table 13   Companion seals with a common frontal sign and different animal symbols in opposing orientation

Right Left Left Sign No (IM-)

 162. Trident. Goat (M-1904); Mark-
hor (B-10)

 162. Trident. Unicorn (M-223); 
Urus (B-4)

 211. Arrow. Goat (M-1905); Urus 
(Blk-5); Unicorn (B-3)

 59. Fish. Goat (K-37); Markhor 
(K-34); Urus? (B-14); Gharial 
(M-410)

 242. 3-part rectangle. Unicorn 
(M-1719); Buffalo (1918)

Images from CISI, not to scale
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11 � Discussion

This study shows that F3 seals prescribe a sign order that the 
Indus sign system follows. This however does not mean that 
the F3 dataset is older than the rest. Such a division seems 
archaeologically naive. The Indus sign system and the F3 
objects form a feedback loop valid for the entire Mature 
Harappan period, about 600 years. Evidence leads to growth 
and proliferation of the Indus sign system on the back of 
animal symbols that face an Indus sign.

…
The understanding we get of the anisotropy, and its 

marker and agency, is a first in a study of the Indus sign 
order and distribution. Even so the overall investigation is 
preliminary, despite the exhaustive coverage and under-
standing of 99 and its most frequent base signs,  267 and 
267a, and the functional values that come through for  98, 
97 and 123.

…
Taking 99 and  98 together leads to a lively discus-

sion. One is a marker of transposition. The latter, an effac-
ing marker, conceals a sign string. It effaces other signs and 
itself. In what kind of a semantic construct will these two 
signs serve well together?

On modern bus boards, we see them play out in full. A 
bus board states the beginning and end. Very often only the 
end is stated. When a bus stops in between, each via point 
is stated. If it takes a different, a second route, a different set 
of via points are stated. A return journey is stated in reverse. 
The in-between is mostly skipped, and sometimes the ‘skip’ 
is signalled.

If the bus board context is taken straight back to  98, 
it works. An effacing, self-effacing, marker is very useful, 
even essential, to frame a travel statement. Very often, just 
the tail end, the destination, a To address is enough. From 
address is optional. When it is there, a From address takes 
the initial position. The To address is final. If space allowed 
only one element of communication on a seal impression, 
that would be a To address.

Any turn in the journey is signalled upfront with 99. In 
a train or convoy, 99 may be a detachment marker. It marks 
a part of the train or convoy that detaches and turns to take 
a different route.

A bus board is directional, an ordered list of toponyms. It 
is often a point-of-view narrative. And ancient times or now, 
toponyms multiply and differentiate.

The moment we speak of Delhi, for instance, there is New 
Delhi, and Old. South or North. East or West. On this side of 
the river Yamuna and That. Then Greater, Upper, Lower… 
Capital region, City, District, State, Union territory… A 
toponym self-proliferates, takes on qualifiers (markers). 
Other signs proliferate just as well. So how can we extract 

toponyms from ‘other signs’. The following filtration may 
lead to something.

Sign proliferation takes seven modes: a formative 
Indus sign doubles, mirrors, singles out with a marker, 
works on its own, or with suffixes, other signs, and 
sometimes, a mnemonic. Such an Indus sign, one that 
meets all these conditions, it may be said for the pur-
poses of this discussion, is a toponym.

40 Indus signs double (ESM8). 86 Indus signs are base 
signs for 99 (ESM4). 32 Indus doubles single out 
with 123 (ESM8). 41 Indus doubles single out with 
97 (ESM8).9

Each sign forms habitual strings, the numbers are high 
but not precise. 19 of these signs are frontal. In two 
cases, 99 and  59, the sign and the corresponding 
symbol prove to be synonymous.

The nature of the other markers clubbed together as D1/
D2,  100,  102, and  104 remains opaque. The topic of 
intrinsic markers barely scratches the surface and there is a 
long way to go. The omission of the relationship between 
sign strings on different faces of a seal-impression is a sig-
nificant limitation.

…
 391 produces isotropies that this investigation cannot 

adequately explain. Signs  252 and  294 occur at signifi-
cant frequencies on either side of  391 with no marker. 
This is despite the fact that 99 suffixes to  391 a fair bit.

…
The study does not overtly concern itself with archaeol-

ogy or chronology, though it operates within those bound-
aries. In its scope, this is essentially a study of a communi-
cation system. No effort is made to link system behaviour 
to a find site or a stratum within a find site. This is not 
because this study disregards archaeology, but because it 
leaves it to archaeology to resolve it. A tantalising question 
arises in this context. How far does archaeology know a 
seal-impression’s make-site fom its find-site, which must 
be of importance for a seal-impression is known to be a 
mobile device.

…
No attempt is made in this paper to realise the semantic 

values for the many patterns reported here, on the under-
standing that it is still too early to have a crack at that. One 
of the biggest impediments is the subjectivity in the sign 
list of M77 and ICIT. A strategy is needed for a new sign 
list. A frontal sign is a good place to start.

…

9  A need to revise down the number of base signs for 97 and 123 is 
emphasised in Sect. 6. The count is reasonably accurate for  123, and 
less certain for 97 which often gets conflated with  98.
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A frontal sign is frontal in relation to the animal symbol 
on an Indus seal impression, which takes us back to where 
we began, the intersection of the two.

The coincidence of a symbol and a repetitive set of 
sequences on M-1385, a clay tag, Fig. 14, tells us more 
about the inter-relationship between the two building blocks 
of Indus communication, more than any other artefact.

The clay tag is visibly stamped four times by a same 
seal. The first impression carries a symbol, unicorn. There-
after the symbol is not necessary. The same sign sequence 
alone is repeatedly stamped. Each isolated sign sequence 
recalls the full seal with the unicorn. Space is saved.

One stamping, at the bottom of M-1385, is nearly lost. 
From the remaining two, we can tell that the sequence from 
the central stamping repeats. There is a stamping order, a 
tactile track, that tells us that M-1385 has a host impres-
sion, the first stamp, in the middle with the symbol, and 
three guest impressions follow, without the symbol. A 
sizeable database of such clay tags is available to study 
such a stamping sequence, with a host impression and 
guest impressions, from Lothal, Kalibangan, Harappa, 
Mohenjodaro, Rakhigarhi, Dholavira and other coeval 
non-Indus cultures like Ahar Banas, Mundigak, Gilund 
and Shar-i-shokta. All of them seem to tie to a stamping 
convention that for some reason prohibits the stamping of 
different symbols on a single clay tag. In the entire data-
base of CISI, there are just two clay tags that permit two 
different symbols, both geometric, and both from Shahr-i-
Sokhta, SiS-136 and 137.

Back with M-1385, we can see that it anticipates the 
eventual non-appearance of the symbol and the emer-
gence of the bar seals where an Indus sign sequence 
stands alone.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s43539-​023-​00102-3.
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