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Abstract
There are at least three vaguely atomistic principles that have come up in the lit-
erature, two explicitly and one implicitly. First, standard atomism is the claim that
everything is composed of atoms, and is very often how atomism is characterized
in the literature. Second, superatomism is the claim that parthood is well-founded,
which implies that every proper parthood chain terminates, and has been discussed as
a stronger alternative to standard atomism. Third, there is a principle that lies between
these two theses in terms of its relative strength: strong atomism, the claim that every
maximal proper parthood chain terminates. Although strong atomism is equivalent
to superatomism in classical extensional mereology, it is strictly weaker than it in
strictly weaker systems in which parthood is a partial order. And it is strictly stronger
than standard atomism in classical extensional mereology and, given the axiom of
choice, in such strictly weaker systems as well. Though strong atomism has not, to
my knowledge, been explicitly identified, Shiver appears to have it in mind, though
it is unclear whether he recognizes that it is not equivalent to standard atomism in
each of the mereologies he considers. I prove these logical relationships which hold
amongst these three atomistic principles, and argue that, whether one adopts classi-
cal extensional mereology or a system strictly weaker than it in which parthood is a
partial order, standard atomism is a more defensible addition to one’s mereology than
either of the other two principles, and it should be regarded as the best formulation
of the atomistic thesis.
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1 Introduction

There are at least three vaguely atomistic principles that have come up in the litera-
ture, two explicitly and one implicitly. Standard atomism is the claim that everything
is composed of atoms. Superatomism is the claim that parthood is well-founded,
which implies that every proper parthood chain terminates. And strong atomism is
the claim that every maximal proper parthood chain terminates. I will introduce the
reader to these principles more carefully at the end of this section. For now, I want to
focus on the background of my project and its aims. Standard atomism is very often
how atomism is characterized in the literature.1 Superatomism has been discussed
as a stronger alternative to standard atomism [3, 21]. Strong atomism lies between
these two theses in terms of its relative strength. Although strong atomism is equiv-
alent to superatomism in classical extensional mereology, it is strictly weaker than
it in strictly weaker systems in which parthood is a partial order. And it is strictly
stronger than standard atomism in classical extensional mereology and, given the
axiom of choice, in such strictly weaker systems as well. Though strong atomism has
not, to my knowledge, been explicitly identified, Shiver [17] appears to have it in
mind, though it is unclear whether he recognizes that it is not equivalent to standard
atomism in each of the mereologies he considers.

In Sections 2 and 3, I prove the logical relationships which hold amongst these
three atomistic principles in non-classical extensional mereology and some common
strictly weaker mereologies in which parthood is a partial order. In Section 4, I prove
the ones which hold in classical extensional mereology. In Section 5, I argue that,
whether one adopts classical extensional mereology or a strictly weaker mereology
in which parthood is a partial order, standard atomism is a more defensible addition
to one’s ontology than either of the other two principles, and it should be regarded as
the best formulation of the atomistic thesis. I conclude in Section 6 by briefly sum-
marizing my results and their implications. First, however, I must outline the different
mereologies to which I intend my results to apply. Second, I must properly intro-
duce standard atomism, strong atomism, and superatomism. These tasks constitute
the remainder of this section.

I follow common practice, and take the relation expressed by ‘is part of’ as primi-
tive, and define other related notions (such as composition) in terms of it. I abbreviate
�x is part of y� with �x � y�. Most (though not all) hold that parthood is at least a
partial order, and so is reflexive, antisymmetric, and transitive.

Reflexivity of Parthood. For any x, x � x.
Antisymmetry of Parthood. For any x and y, if x � y and y � x, then x = y.
Transitivity of Parthood. For any x, y, and z, if x � y and y � z, then x � z.

Core mereology (M) is the mereology which consists of just these axioms.2 While
some of my proofs below presuppose less than that parthood is a partial order, others
presuppose at least that much. It is for this reason that I consider mereologies only as

1For example, atomism is explicitly characterized in this way by Simons [18, 41], Uzquiano [21], and
Varzi [24].
2I will largely, but not exclusively, follow the terminology in [23].
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weak as M. Henceforth, I refer to mereologies in which the axioms of M are all true
as ‘M-mereologies’.

Many think that there is more to parthood than that it is a partial order. To help
explicate these stronger mereological systems, and because they will be helpful
in general in what follows, I define two other mereological notions. Let �x � y�
abbreviate �x is a proper part of y� and let �x ◦ y� abbreviate �x overlaps y�.

Proper Parthood. x � y =df x � y and x �= y.
Overlap. x ◦ y =df x and y share a part.

Certain principles which we would expect to govern these notions can be derived
given the above axiomatization of parthood. Of particular relevance will be the result
that proper parthood is a strict partial order, i.e., it is irreflexive and transitive (and so
also asymmetric).

Irreflexivity of Proper Parthood. For every x, x �� x.
Transitivity of Proper Parthood. For any x, y, and z, if x � y and y � z, then
x � z.
Asymmetry of Proper Parthood. For any x and y, if x � y then y �� x.

The most common mereological systems stronger than M include minimal mereology
(MM), which adds weak supplementation to M.

Weak Supplementation. For any x and y, if y � x, then some part of x does not
overlap y.

They also include extensional mereology (EM), which adds strong supplementation
to M.

Strong Supplementation. For any x and y, if x �� y, then some part of x does not
overlap y.

Strong supplementation implies weak supplementation, given the antisymmetry of
parthood. And MM allows for models that EM doesn’t. (See [23, Section 3.2]). Thus
MM is strictly weaker than EM when it is assumed that parthood is a partial order.

The strongest system I will consider is classical extensional mereology (CEM),
which is a strengthening of EM. To explicate it, I must introduce the idea of a mere-
ological fusion or sum. Roughly, a thing x fuses (or is a sum of) some things when
those things make up x in its entirety, with each contributing, in a mereological sense
of ‘make up’. There is more to me than just my legs, and so I do not fuse them. I
do, however, fuse my legs, torso, arms, and head. My coffee cup, on the other hand,
plays no role in making me up. So it is not even among any things which I fuse. The
notion of fusion has been formally defined in different ways. There are three that are stan-
dard (see, for example, [8] and [23, Section 4.3] and [24, 2893–94]). In what follows,
‘�’ and ‘�’ are plural variables and �� � �� abbreviates �� are among ��.3

3Many authors define these notions in first-order logic with only singular quantification. I employ plural
quantification, since some of the atomistic principles which interest me cannot be stated using singular
first-order logic. See fn. 7 below for more on this issue. I adopt as my underlying language a logic like
Oliver and Smiley’s [15] full plural logic, though I certainly do not make use of all of its expressive power.
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Fusion 1. x fuses1 � =df (i) every y � � is part of x and (ii) every part of x

overlaps at least one y � �.
Fusion 2. x fuses2 � =df (i) x overlaps all and only those things that overlap at

least one y � �.
Fusion 3. x fuses3 � =df (i) every y � � is part of x and (ii) x is part of all those

things whose parts include every y � �.

CEM results from adding to EM the claim that any things have a fusion of the first
or second type, i.e., where n ∈ {1, 2},

Arbitrary Fusionn. For every � (with some y � �), there is an x which fusesn

�.4

In CEM, the above three definitions of fusion are equivalent (see [8, 81]), and so in
such a context, one may speak of something that fuses some things without specifying
which sense of fusion one has in mind. This completes my outline of the mereologies
to which I intend my results to apply. They consist of M, MM, EM, and CEM.

I turn now to a more thorough introduction to the three vaguely atomistic
principles with which I am concerned.

Standard Atomism. Everything is composed of atoms.
Superatomism. Parthood is well-founded.
Strong Atomism. Every maximal proper parthood chain terminates.

The first principle involves the notion of composition, which is characterized as non-
overlapping fusion. Fusion and composition share the feature that the things that are
fused by or that compose something make it up in its entirety, with each contributing.
The difference between them consists in the fact that the former allows for overlap
amongst the things, while the latter does not. So, while I fuse my top two thirds and
bottom two thirds, I am not composed of those two things. However, I both fuse
and am composed of my top half and bottom half. Since there are three definitions
of fusion (which are not always equivalent in systems weaker than CEM), there
are three definitions of composition, each of which is an instance of the following
schema, where n ∈ {1, 2, 3}.

Compositionn. x is composedn of � =df (i) x fusesn � and (ii) � are pairwise
disjoint (i.e., no two overlap).5

The latter two atomistic principles can be unpacked with the help of the following
definitions.

4Since I use a plural first-order language, I can state this without invoking specifiable sets, as is standard
practice in developments of mereology in singular first-order logic. The axiomatization of CEM using
arbitrary fusion1 contains redundancy, since CEM results from just it along with the transitivity of part-
hood and weak supplementation (see [8, 66–67]). Adding arbitrary fusion3 to EM results in a system
slightly weaker than CEM (see [23, Section 4.4]), which yields CEM once another axiom, such as filtra-
tion (i.e., the claim that if something is part of a fusion 3 of some things then it overlaps at least one of
those things), is added (see [8, 67–68]).
5See [24, 2893]. Van Inwagen [22, 29] notably makes use of the clause that � are pairwise disjoint to
distinguish composition claims from mere fusion claims (though he endorses fusion 1).
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Well-Foundedness of Parthood. � is well-founded =df every non-empty subset
S of the domain of � has a �-minimal element, i.e., an element y such that, for
every x ∈ S, x �� y.
(Proper Parthood) Chains. � form a (proper parthood) chain =df (i) there are
x, y � � such that x �y and (ii) for every x, y � �, either x �y, y �x, or x = y.
(Downwardly) Maximal Chains. � form a (downwardly) maximal chain =df (i)
� form a chain and (ii) there is no y that is a proper part of every x � �.
(Downwardly) Terminating Chains. � form a (downwardly) terminating chain
=df (i) � form a chain and (ii) there is a y � � that is a proper part of every other
x � �.

A couple of things are worth noting about these three principles. First, the claim that
parthood is well-founded is equivalent to the claim that every proper parthood chain
terminates, given the principle of dependent choices. The left-to-right direction of the
equivalence is provable without this principle, though it requires the assumption that
every chain is set-sized. Such a proof appears below in my proof of Proposition 2.6

Second, while standard atomism can be stated in singular first-order logic, neither
strong atomism nor superatomism can be.7

6I omit a proof of the right-to-left direction, since I do not rely on it in what follows. It is provable given
the relevant instance of the principle of dependent choices: if, for any x in some non-empty set, there is a
y in that set such that y � x (something which holds of any non-terminating chain), then there is a chain
x0, x1, . . . , xn, . . . in that set such that xn+1 � xn for every n ∈ {0, 1, . . .}. While weaker than the axiom
of choice, the principle of dependent choices is stronger than the countable axiom of choice [9, 50].
7This can be shown by the same method Boolos [2, 432–33] uses to show that the Geach-Kaplan sentence
(‘Some critics admire only one another’) is, as he puts it, ‘nonfirstorderizable’. Boolos’s method depends
on the observation that every consistent (singular) first-order theory of arithmetic has both standard and
non-standard models [11]: n. 2. Consider (what I will show to be) the weaker of the two principles: strong
atomism. An arithmetical interpretation of it is true in the standard model of arithmetic but false in every
non-standard model. To construct one such interpretation, let � be the transitive closure of the predecessor
relation on a given set S, i.e., let � be the smallest relation on S such that, for any x, y, and z in S, if x is a
predecessor of y, then x � y and (ii) if x � y and y � z then x � z. Then interpret ‘�’ as � and let S be
the domain of any given model. The resulting arithmetical interpretation of strong atomism says that every
�-maximal �-chain terminates. This is true in the standard model, since every such chain terminates in
0. But it is false in every non-standard model. Every non-standard element in every non-standard model
has a predecessor. But none of the standard elements are predecessors of any non-standard element. This
means that every non-standard model contains a non-terminating �-chain of non-standard elements. (Here
I am relying on the principle of dependent choices — see fn. 6.) Moreover, every such chain is �-maximal.
Consider such a chain C. There is no y such that y � x for every x ∈ C. If there were, the definition of �
would guarantee that y is a predecessor of some x ∈ C. But since the predecessor of any element of any
model of arithmetic (standard or non-standard) is unique, y must be in C. But then y � y, which would
mean that y < y, which is false of every element of every model of arithmetic. A similar case can be made
for the nonfirstorderizability of superatomism by interpreting ‘�’ as <, though, since I show below that
superatomism is stronger than strong atomism (given the axiom of choice), there is no need to present this
case in detail. Many thanks to Michael Glanzberg (personal communication) for a helpful discussion about
nonfirstorderizability. Uzquiano [21, n. 11] provides a first-order schematization of superatomism, but the
resulting instances apply only to subsets of the domain that are definable in singular first-order logic, which
are outnumbered by subsets of the domain whenever the domain is infinite. So the schematization is not
as strong as his second-order or my plurally quantified formulation. Strong atomism can be schematized
as well. Let every instance of the following schema be true:

if {x : ϕ(x)} is a maximal chain, then {x : ϕ(x)} terminates,
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Fig. 1 An assortment of proper parthood chains. A dotted line running in a downward direction from a
node x to another node y (which may run through one or more other nodes) indicates that y is a proper
part of x.

To get an idea of the differences between terminating and non-terminating chains,
and between maximal and non-maximal chains, consult Fig. 1. It depicts three chains:
one which contains no non-terminating chains, i.e., parthood is well-founded on it,
and two which contain such chains. C1 terminates, since something (c) is a proper
part of everything else in it. Its subchains include itself, the chain formed by a, b,
and the chain formed by b, c. It is maximal, since (as depicted) nothing is a proper
part of everything in it. The chain formed by a, b is not maximal, since c is a proper
part of everything in it. But the chain formed by b, c is maximal, since, like C1
itself, nothing is a proper part of everything in it. C2 does not terminate, since noth-
ing in it is a proper part of everything else in it. It contains an infinite number of
subchains, including itself. It is maximal. Each subchain formed by an0, an1 , . . . ank

,
where ni ∈ {0, 1, . . .} for every i ∈ {0, . . . , k} and, for every i, j ∈ {0, . . . , k},
ni < nj iff i < j , is not maximal, since there is something (e.g., ank+1) that is
a proper part of everything in it. But each subchain formed by an0 , an1 , . . ., where
ni ∈ {0, 1, . . .} for every i ∈ {0, 1, . . .} and, for every i, j ∈ {0, . . . , k}, ni < nj iff
i < j , is maximal, since, like C2 itself, nothing is a proper part of everything in it. C3
terminates, since something (b) is a proper part of everything else in it. But it contains
subchains which do not terminate, formed by an0 , an1 , . . ., where ni ∈ {0, 1, . . .} for
every i ∈ {0, 1, . . .} and, for every i, j ∈ {0, 1, . . .}, ni < nj iff i < j . C3 itself is
maximal, as is every subchain of it terminating in b, since nothing is a proper part of
everything in any of them. No subchain consisting of just as is maximal, since there
is something (at least b) that is a proper part of everything in each of them.

One can start to get an idea of the differences amongst standard atomism, strong
atomism, and superatomism by taking note of what each would say about each of
the chains in Fig. 1 in any M-mereology. Superatomism allows for C1 but neither
C2 nor C3. Strong atomism allows for C1 and C3 but not C2. Standard atomism
would allow for all three chains on all three definitions of composition if otherwise

where ϕ(u) is a first-order formula in which u is a free variable. But this schematization is also weaker
than my plurally quantified formulation.
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inconsequential additions are made to them, such as adding an immediate atomic
proper part to every composite object in each chain, where

Atomicness. x is atomic =df x has no proper parts.
Compositeness. x is composite =df x has a proper part.
Immediate Proper Parthood. x is an immediate proper part of y =df x � y and
no z both is a proper part of y and has x as a proper part (see [14, 415]).

In what follows, it will emerge that the structures which result from these additions
in the case of C2 and C3 are central to reasoning about the relative strengths of these
atomistic principles.

2 Superatomism and Strong Atomism in EM and Strictly Weaker
M-Mereologies

I begin the investigation with the logical relationships that hold amongst the three
atomistic principles in EM and strictly weaker M-mereologies. In this section, I con-
cern myself with the relationship which holds between superatomism and strong
atomism. As I mentioned, the former is strictly stronger than the latter in such
systems.

Proposition 1 Superatomism is strictly stronger than strong atomism in EM and
strictly weaker M-mereologies.

I prove this by proving first that superatomism implies strong atomism in M, and
second that there is a model of EM in which strong atomism is true but superatomism
is false. I begin with the implication claim.

Proposition 2 Superatomism implies strong atomism in M.

My strategy is to prove first that superatomism implies that every chain terminates.
The goal follows immediately.

Proof Suppose that every non-empty set S has a �-minimal element and consider an
arbitrary chain formed by some objects C. By the initial assumption, something, m,
among C is such that, for every x � C, x �� m. Consider an arbitrary a �= m among
C. Since C form a chain, such an a exists. For the same reason, either a�m, or m�a.
Since m is �-minimal, we know that a �� m. So m�a. And since a is arbitrary, m�x

for every x among C. By the definition of terminating chains, the chain formed by C
terminates. And since that chain is arbitrary, every chain terminates. This of course
means that every maximal chain terminates.

This proof requires nothing of parthood except that it allows for proper parthood
chains (and, because ‘C’ denotes a non-trivial plurality — i.e., a plurality of two or
more objects — that at least two objects exist, and that those chains are set-sized).
The way I have defined chains, maximal chains, and terminating chains presupposes
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the transitivity of proper parthood which, as I show below, presupposes (only) the
antisymmetry and transitivity of parthood. But they could be defined instead in terms
of the transitive closure of proper parthood.

I turn now to the second component of Proposition 1.

Proposition 3 There is a model of EM in which strong atomism is true but
superatomism is false.

When constructing models, I am careful to ensure that they qualify as models of
the strongest of the systems in which I am interested (EM in this section and the next,
CEM in the one following them) in order to ensure that the proponent of that system
will countenance them. But it is important to note that they qualify as models of any
strictly weaker system as well, since anything that is a model of a given mereology
is a model of any strictly weaker one. This, along with the fact that my proofs of
implication presuppose of parthood only that it is a partial order, ensures that my
proofs of the relative strengths of the atomistic principles hold in as wide a range of
mereologies as possible: from M to EM in this section and the next and to CEM in
the one following them.

To see that Proposition 3 is true, define the model M1 as follows.

M1 = 〈D1, �〉, where D1 = {a0, a1, . . . , b, c0, c1, . . .} and the extension of � is
given by:

(i) an � am iff n > m for any n, m ∈ {0, 1, . . .},
(ii) b � an for every n ∈ {0, 1, . . .},

and
(iii) cn � am iff n ≥ m for any n, m ∈ {0, 1, . . .}.8

M1 is depicted in Fig. 2. M1 is a model of EM because (a) parthood is a partial
order on its domain and (b) it satisfies strong supplementation, i.e, for any x, y ∈ D1,
if x �� y, then some part of x does not overlap y. There are six types of case to
consider. Let n, m ∈ {0, 1, . . .}.

(i) an �� am if n < m, but an has a part, e.g., cn, which does not overlap am.
(ii) an �� b for any n, but an has a part, e.g., cm for any m ≥ n, which does not

overlap b.
(iii) an �� cm for any n and m, but an has a part, e.g., b, which does not overlap cm.
(iv) b �� cn for any n, but b has a part, viz., itself, which does not overlap cn.
(v) cn �� am if n < m, but cn has a part, viz., itself, which does not overlap am.

(vi) cn �� b for any n, but cn has a part, viz., itself, which does not overlap b.

Strong atomism is true in M1 because every maximal chain in M1 terminates. The
maximal chains that exist in M1 are formed by

(i) an, cn for every n,

8For the sake of simplicity, I fix the extension of � in this model and the one that follows by fixing the
extension of �. I leave it implicit that everything is part of itself.
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Fig. 2 Model M1

(ii) an, am0, am1 , . . . , amk
, cmk

for every n and mi > n for every i ∈ {0, . . . , k},
where, for any i, j ∈ {0, . . . , k}, mi < mj iff i < j ,

(iii) an, b for every n,
(iv) an, am0, am1 , . . . , amk

, b for every n and mi > n for every i ∈ {0, . . . , k},
where, for any i, j ∈ {0, . . . , k}, mi < mj iff i < j

(v) an, am0, am1 , . . . , b for every n and mi > n for every i ∈ {0, 1, . . .}, where,
for any i, j ∈ {0, 1, . . .}, mi < mj iff i < j .

Each chain of each of these types terminates — in (i) cn, (ii) cmk
, (iii) b, and (iv) b, and

(v) b respectively. But superatomism is false in M1, since not all chains terminate.
For example, the chain formed by an, an+1, . . . for every n does not terminate.

3 Strong Atomism and Standard Atomism in EM and Strictly Weaker
M-Mereologies

I turn now to the logical relationship which holds between strong atomism and stan-
dard atomism in EM and strictly weaker M-mereologies. As I mentioned, the former
is strictly stronger than the latter in such systems given the axiom of choice.

Proposition 4 Strong atomism is strictly stronger than standard atomism in EM and
strictly weaker M-mereologies given the axiom of choice.

I prove this by proving first that strong atomism implies standard atomism in M
given the axiom of choice, and second that there is a model of EM in which standard
atomism is true but strong atomism is false. I begin with the implication claim.
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Proposition 5 Strong atomism implies standard atomism in M given the axiom of
choice.

I will not prove this claim directly. Instead, I will prove the following claim.

Proposition 6 Strong atomism implies atomicity in M given the axiom of choice.

Atomicity is the principle one typically adopts to ensure that all of the models of
one’s mereology are atomistic (see, for example, [18, 42] and [23, Section 3.4]).

Atomicity. Everything has an atomic part.

Varzi [24, Section 2] has proved that atomicity implies atomism.

Proposition 7 If everything has an atomic part then everything is composed of atoms
(on all three of the standard definitions of fusion).

Two of Varzi’s proofs — those involving the first two definitions of fusion —
depend only on the assumption that parthood is reflexive and transitive, and are
therefore sound in M. That involving the third definition of fusion requires strong
supplementation, and so holds only in extensional mereologies. But, as Varzi notes
(Ibid.: 2899), non-extensional models are ‘at odds with the idea that a sum is just a
“minimal upper bound”’, which is what a fusion is according to the third definition.
So this extra assumption does not impact the generality of his results (or, for the same
reason, that of my own). Proposition 7 holds only assuming reflexivity and transitiv-
ity when fusion is interpreted by any of the two definitions which are consonant with
M-mereologies strictly weaker than EM. That is the important thing.

My proof of Proposition 6 relies on no special assumptions about parthood except
that it is a partial order. I invoke the transitivity of proper parthood, which can be
proved using only the assumptions that parthood is antisymmetric and transitive. (I
put uses of substantive assumptions — most importantly those about parthood — in
boldface.)

Proof Consider arbitrary a, b, and c and suppose that a � b and b � c. By the
definition of proper parthood, (i) a � b and a �= b and (ii) b � c and b �= c. By the
transitivity of parthood, a � c. Now suppose for reductio that a = c. Since a � b,
c � b. And since b � c, the antisymmetry of parthood guarantees that b = c,
contradicting the result that b �= c. So a �= c. By the definition of proper parthood,
a � c.

But my proof of Proposition 6 also relies on an instance of the Hausdorff maximal
principle, which applies to partial orders. So, to be sure I can legitimately make use
of it, I assume that parthood is a partial order and I define proper parthood as I have,
which ensures that it is a partial order too.
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Hausdorff Maximal Principle. If � partially orders its domain, then for any �-
chain formed by �, there are � such that (i) � form a maximal chain and (ii)
� � �.9

This principle is as strong as the axiom of choice. It allows one to choose a maximal chain
from any partially ordered set, importantly, including any that is such that, for everything
x in it, there is something y in it such that y is less than x in the partial order.10

The proof of Proposition 6 is rather involved. So I will simply provide an outline
of it here. One can consult the Appendix for the complete proof. For both the proof
and the outline, it is helpful to have in hand the notion of a final segment of a chain.

Definition of Final Segments. � form a final segment of � =df (i) � form a
chain, (ii) there is an x � �, (iii) � � �, and (iv) every x � � is a proper part of
every y among � but not among �.

The chain formed by b, c in Fig. 1, for example, is a final segment of C1. The chain
formed by an, an+1, . . . for any n ∈ {0, 1, . . .} is a final segment of C2. And the chain
formed by an, an+1, . . . , b for any n ∈ {0, 1, . . .} is a final segment of C3. Every
chain is a final segment of itself. To prove Proposition 6, I begin by supposing that
strong atomism is true and I consider an arbitrary a. I then set out to show that a has
an atomic part. I do this by reductio. That is, I assume that a does not have an atomic
part. I then focus on the collection Z of all and only a’s proper parts. I establish
several things about Z to find a contradiction. First, I show that, for every x � Z, there
is a y � Z that is a proper part of x. Second, I apply Hausdorff’s maximal principle,
which allows me to choose a maximal chain, formed by some objects M, from Z.11

Third, I show that this chain has as a final segment a chain, formed by some objects
N, such that

(i) N � Z,
(ii) the chain formed by N is maximal,

and
(iii) the chain formed by N does not terminate.12

9The Hausdorff maximal principle is usually stated set-theoretically. I have given its counterpart in plural
first-order logic.
10See [4, 56–63] for a proof of the equivalence of the Hausdorff maximal principle and the axiom of choice
and several variants of it. For an earlier proof of the Hausdorff maximal principle using the well-ordering
theorem, see [7, 197–98]. For one using the axiom of choice, see [6].
11I am unsure whether assuming something as strong as the Hausdorff maximal principle is required,
though I suspect that it is. I do not see how to define a choice function that will enable one to choose a
maximal chain from Z. And the axiom of countable choice (see, for example, [9, 50]) isn’t strong enough
when the cardinality of the chain is uncountable. Nor does the principle of dependent choices (Ibid.)
guarantee that the chain it selects is maximal. I am also unsure about the significance of this assumption.
Any pretensions to consistency with the spirit of constructive mathematics is compromised in any case by
my use of reductio in the proof. So the use of the principle doesn’t make non-constructive what would
otherwise be a constructive proof.
12It cannot be proven that M � Z because a might itself be a proper part of something, in which case
something would be among M that is not among Z. When one applies the Hausdorff maximal principle
to an appropriate set, one chooses a chain that is maximal in both directions, not just in the downward
direction.
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Since the initial assumption that every maximal chain terminates ensures that the
chain formed by N terminates, there is a contradiction.

I turn now to the second component of Proposition 4.

Proposition 8 There is a model of EM in which standard atomism is true but strong
atomism is false.

Define the model M2 as follows.

M2 = 〈D2, �〉, where D2 = {a0, a1, . . . , b0, b1, . . .} and the extension of � is
given by:

(i) an � am iff n > m for any n, m ∈ {0, 1, . . .}
and

(ii) bn � am iff n ≥ m for any n, m ∈ {0, 1, . . .}.
M2 is depicted in Fig. 3. M2 is a model of EM (and so of every strictly weaker M-

mereology) because (a) parthood is a partial order on its domain and (b) it satisfies
strong supplementation, i.e., for any x, y ∈ D2, if x �� y, then some part of x does
not overlap y. There are two types of case to consider. Let n, m ∈ {0, 1, . . .}.
(i) an �� am if n < m, but an has a part, e.g., bn, which does not overlap am.

(ii) bn �� am if n < m, but bn has a part, viz., itself, which does not overlap am.

Standard atomism is true in M2, since an is composed of bn, bn+1, . . . for every n.
This follows given the extension of parthood in M2, no matter which of the three stan-
dard definitions of fusion one employs. For a proof of these claims, see [24, 2894],
fn. 5. But strong atomism is false in M2, since not all maximal chains terminate.
For example, the chain formed by an, an+1, . . . for every n is maximal, but does not
terminate.

M2 is isomorphic to a model discussed by both Shiver [17] and Varzi [24]. Shiver
uses it in an attempt to show that atomicity is not an adequate characterization of
atomism, since it allows for models with the structure of M2 when it shouldn’t. But
he seems to have in mind strong atomism, not standard atomism, as he rules the

Fig. 3 Model M2
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isomorph of M2 he discusses to be non-atomistic because it contains a maximal non-
terminating chain and, he says, “if a poset has a non-terminating maximal chain, it
follows that the poset is not atomistic” [17, 608]. While this is certainly true of strong
atomism, it is not true, as Varzi shows, of standard atomism. The two theses are not
equivalent in EM and strictly weaker M-mereologies. Models with the structure of
M2 show this. It might be worth adding that their mere non-equivalence does not
depend upon the truth of the Hausdorff maximal principle.

I now sum up what I’ve done in this section and the last. I have shown that
superatomism is strictly stronger than strong atomism in EM and strictly weaker
mereologies, and that strong atomism is strictly stronger than standard atomism in
such systems, given the Hausdorff maximal principle. I will discuss philosophical
matters related to the non-equivalence of these three principles in section 5. Before
that, I will investigate the logical relationships which hold amongst them in CEM, as
they differ somewhat from the relationships which hold amongst them in the strictly
weaker mereologies I have considered so far.

4 Classical Extensional Mereology

Things change when one assumes that any objects have a fusion of type 1 or type 2.
Neither M1 nor M2 is a model of CEM, and so they cannot be used to help establish
the analogs of Propositions 1 and 4 for CEM. The problem with these two models
is that it is not the case that, for any things � in the domain of either, the domain
contains something that fuses �. We can extend each of the models to include those
fusions, and add in all of the resulting proper parthood claims. But in doing so we
create new models. It turns out that a model of CEM with denumerably many atoms
and in which standard atomism is true (as is the case in each of M1 and M2) can have
only a single sort of structure.13 This is the structure isomorphic to that imposed by
the subset relation on the set of all non-empty subsets of {0, 1, . . .}. When extended
to ensure the truth of arbitrary fusionn for n ∈ {1, 2}, each of M1 and M2 results in a
model with this singular structure. Define the model M3 as follows. Let P (S) be the
powerset of any set S.

M3 = 〈D3, �〉, where D3 = P ({0, 1, . . .})∅ and the extension of � is given by:

• x � y iff x ⊆ y for every x, y ∈ D3.

Due to its complexity, M3 cannot be depicted by a Hasse diagram. But fragments
of it can. One such fragment is depicted in Fig. 4. M3 is a model of CEM because, in
addition to the fact that parthood is a partial order in it, it satisfies strong supplemen-
tation and arbitrary fusionsn for n ∈ {1, 2}. That M3 satisfies strong supplementation
can be seen by noting that, for any sets S, T ∈ D3, if S � T, then some U ⊆ S is such
that U ∩ T = ∅. And that it satisfies arbitrary fusions can be seen by noting that, for
any sets S1, S2, . . . ∈ D3, there is a set T ∈ D3 such that T = ⋃

(S1, S2, . . .).

13Thanks to Cody Gilmore (personal communication) for bringing this to my attention, and to Paul Hovda
(personal communication) for a helpful discussion about this issue.
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Fig. 4 A fragment of model M3

What logical relationships hold amongst superatomism, strong atomism, and stan-
dard atomism in CEM? I will reason model-theoretically, and restrict my attention to
those models of CEM in which at least standard atomism is true. They include mod-
els with finitely many atoms. In every such model, every subset of its domain has an
�-minimal element, i.e., parthood is well-founded in such models. As a result, every
proper parthood chain terminates (every chain — not just every maximal chain). Were
this the only type of model of CEM in which standard atomism is true, then super-
atomism, strong atomism, and standard atomism would each be equivalent to one
another in CEM. But there are also models of CEM in which standard atomism is
true with infinitely many atoms, such as M3. However, as I will argue next, whether
such a model has denumerably or uncountably many atoms, it will contain maximal
non-terminating chains.

I have already noted that models with denumerably many atoms, like M3, exhibit
only a single structure: that imposed by the subset relation on the set of all non-empty
subsets of {0, 1, . . .}. And while M3 includes maximal chains that are well-founded,
such as that ending in . . . , {0, 1, 2}, {0, 1}, {0}, it also includes maximal chains with
initial segments that do not terminate, where

Initial Segments. � form an initial segment of � =df (i) � form a chain, (ii) there
is an x � �, (iii) � � �, and (iv) every y among � but not among � is a proper
part of every x among �.

(Each proper initial segment of a chain is the complement of a final segment of it.)
An example of a maximal chain in M3 with an initial segment that does not terminate
is that formed by {0, 1, 2, . . .}, {0, 2, 4, . . .}, {0, 4, 8, . . .}, . . . , {0} (see the left end
of Fig. 4), whose initial segment {0, 1, 2, . . .}, {0, 2, 4, . . .}, {0, 4, 8, . . .}, . . . does
not terminate. In addition, however, M3 includes maximal non-terminating chains
as well. At least one fragment of M3 is isomorphic to M2, e.g., the one in which
bn = {n} and an = {n, n + 1, n + 2, . . .} for each n ∈ {0, 1, . . .}. So the non-
terminating chain formed by {0, 1, 2, . . .}, {1, 2, 3, . . .}, {2, 3, 4, . . .}, . . . in M3 is
maximal. For it to fail to be maximal, there would have to be a member of D3 that
is a proper part of every member of the chain. By the definition of M3, this would
mean that there would have to be a member of D3 that is a subset of every member
of the chain. But there is no such member of D3.
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It would seem that other models of CEM with infinite numbers of atoms —
uncountably many — in which standard atomism is true also include maximal
non-terminating chains. There will be at least one line of decomposition from any
object composed of some atoms A, no matter their number, a final segment of which
has the same structure as M2. It will be one of the lines in which a single one of its
atomic parts is “peeled off” at each step. For the same reason as in the denumerable
case, none of the atoms among A can be a proper part of everything in the non-
terminating chain involved in that line of decomposition. There would have to be a
member of the domain that is a subset of every member of the chain. But there will
be no such member. Each member that is a subset of some member of the chain will
have already been peeled off at the αth step for some ordinal α, which can be infinite
when there are uncountably many atoms. What this discussion shows is that every
model of CEM in which standard atomism is true either (i) is well-founded (it has
finitely many atoms) or (ii) is such that both superatomism and strong atomism are
false (it has infinitely many atoms).

If my reasoning is sound, then several things follow. First, it follows that

Proposition 9 Superatomism and strong atomism are equivalent in CEM.

Given that (i) or (ii), every model of CEM in which standard atomism is true is
such that superatomism and strong atomism are both true or both false. So there is no
model in which one is true and the other is false. (The models I have not considered —
in which standard atomism is false — are models in which both superatomism and
strong atomism are false as well. I show below that each of superatomism and strong
atomism implies standard atomism in CEM.) Second, it follows that

Proposition 10 There is a model of CEM in which standard atomism is true but each
of superatomism and strong atomism is false.

M3 is such a model. Everything in it is composed of atoms on each of the three
standard definitions of fusion. Everything in the domain of M3 has a singleton subset,
and so, by the characterization of M3, it has an atomic part. By Proposition 7 (that
atomicity implies standard atomism), everything in the domain of M3 is composed of
atoms. (Remember that Varzi’s proof does not presuppose the falsity of CEM given
any of the three definitions of fusion.) But M3 contains maximal non-terminating
chains.

So if

Proposition 11 Each of superatomism and strong atomism implies standard atom-
ism in CEM.

then

Proposition 12 Each of superatomism and strong atomism is strictly stronger than
standard atomism in CEM.
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Since superatomism and strong atomism are equivalent in CEM, it suffices to
establish Proposition 11 that just one implies standard atomism. The proofs of Propo-
sitions 6 and 7 suffice to establish Proposition 11, given the Hausdorff maximal
principle. But Uzquiano [21, 237] proves that superatomism implies atomicity with-
out relying on this principle. Though he only shows this on the definition fusion 1, as
I noted above, the three definitions of fusion are equivalent in CEM. So Uzquiano’s
proof, together with Varzi’s proof of Proposition 7 (which does not presuppose the
falisty of CEM), suffices to establish Proposition 11 without qualification.

To summarize: in this section, I have shown that superatomism and strong atom-
ism are equivalent in CEM, and that each is strictly stronger than standard atomism
in CEM. So in every mereology as weak as M and as strong as CEM, standard atom-
ism is strictly weaker than, and so not equivalent to, either superatomism or strong
atomism (though I relied on the Hausdorff maximal principle to show that strong
atomism implies standard atomism in EM and strictly weaker M-mereologies). And
while superatomism and strong atomism are equivalent in CEM, the former is strictly
stronger than the latter in each of the M-mereologies strictly weaker than CEM. I
turn now to philosophical matters related to these results.

5 Which Principle is More Defensible, and Which, if any, Captures
Atomism?

I have shown two things. First, superatomism is strictly stronger than strong atomism,
and (given the Hausdorff maximal principle) strong atomism is strictly stronger than
standard atomism in EM and strictly weaker M-mereologies. Second, superatomism
and strong atomism are equivalent and each is strictly stronger than standard atomism
in CEM. The various non-equivalencies between these principles (which, by them-
selves, do not rely on the Hausdorff maximal principle) show that atomism cannot be
characterized by all three of them. No one has suggested that superatomism is equiv-
alent to either of the other two. It has been presented by Cotnoir [3] and discussed by
Uzquiano [21] as an alternative to atomism. But, as I noted in Section 3 above, vari-
ous things that Shiver [17] says suggest that he may take strong atomism and standard
atomism to be equivalent. We now know this is not the case in any of the mereolo-
gies I have discussed, which are the most common, and which are the systems Shiver
considers.

Two less technical, more philosophical questions now present themselves.

(Q1) Which of superatomism, strong atomism, and standard atomism is the most
defensible addition to one’s mereology?

(Q2) Which of the them, if any, should be regarded as the best formulation of the
atomistic thesis?

In what follows, I argue that standard atomism is a more defensible addition to one’s
mereology than either strong atomism or superatomism. That is, if one is to add
one of them to one’s mereology, one has more reason to add standard atomism than
either of the other two. I also argue that standard atomism should be regarded as
the best formulation of the atomistic thesis. (Q2) looks on its face tricker to answer

1230



Between Atomism and Superatomism

than (Q1). It seems difficult for the proponent of one principle to avoid begging
the question against her opponents. At first glance, at least, there does not appear
to be any content to the idea of atomism, unless it is cashed out in one of these
three ways.14 In what follows, however, I will identify some independent grips on
the notion that one can utilize. On those bases, I believe that (Q2) can be answered.
Doing so is easier once I have argued that (Q1) should be answered in the way I have
suggested — that standard atomism is more defensible than its competitors. So I will
proceed in that order. But again it will be helpful to break the discussion into two
parts, one in which I assume EM or any strictly weaker M-mereology and one in
which I assume CEM. Since my discussion of CEM is shorter, I begin with it.

A compelling argument that standard atomism is more defensible than its stronger
alternative (superatomism/strong atomism) in the context of CEM is that, as
Uzquiano [21] notes, were one to adopt the stronger option, one would rule out mod-
els that have infinitely many objects, such as M3.15 I see no reason for the proponent
of CEM to want to rule out such models. Why couldn’t there be infinitely many
objects? And, concerning (Q2), it would be rather strange if one’s characterization of
atomism ruled out models with infinitely many objects, as the question of whether
atomism is true —however that claim is ultimately cashed out — seems like it should
not make determinations about the number of atoms there could be.

Another argument that standard atomism is more defensible than super-
atomism/strong atomism in the context of CEM is that, as Cotnoir [3, 69] and n. 5
points out, superatomism is incompatible with a “pointy” view of simples, where an
object is pointy iff it exactly occupies a single point of space (see [13, 216]). It is
incompatible with extended objects whose simple parts are pointy. The mereolog-
ical structure of such objects will contain non-terminating chains, some maximal,
some non-maximal, for the same reason that M3 does (see above). The equivalence
between superatomism and strong atomism in CEM means of course that strong
atomism also has this limitation. And again, it would be strange if atomism made
determinations about whether such objects could exist. Thus not only should the pro-
ponent of CEM regard standard atomism as more defensible than its alternative, she
should regard standard atomism as best capturing the atomistic thesis.

As I indicated, there are considerations in favor of thinking that the proponent
of EM or a strictly weaker M-mereology should regard standard atomism as more
defensible than its stronger alternatives as well. Before discussing them, however, I
will consider and reply to what I take to be three of the most promising arguments in
favor of adopting a stronger alternative to standard atomism. Each of these arguments

14It is tempting to say that, when it comes to the question of which of the three principles best captures
the atomistic thesis, the burden of proof lies on the proponent of the claim that the atomistic thesis is best
captured by superatomism or strong atomism, as standard atomism appears to be the most straightforward
way of capturing the atomistic thesis. But the proponent of one of the stronger principles can reply by
simply saying that this is a mistake.
15Uzquiano [21, 237] provides a proof of this claim. But the point can be appreciated by remembering
from that the only superatomistic models of CEM are ones with finitely many atoms, and observing that,
given CEM, the only atomistic models which feature an infinite number of objects are ones which feature
an infinite number of atoms.
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is one against the possibility of non-terminating chains in general, and as such is an
argument for superatomism rather than just either strong atomism or standard atom-
ism. First, an object which contains a non-terminating proper parthood chain cannot
be built from its basic constituents (either by intelligent agency or by nature), as the
progression of steps required to build it, bottom to top, is not well-ordered. This is
the constructibility argument. Second, it may be problematic that not everything in
such a chain can be decomposed into its ultimate constituents. This is the decompo-
sition argument (see [24, 2894–95]). Third, such a chain results in violations of the
well-foundedness of grounding when one supposes (as is plausible) that composite
objects metaphysically depend on their proper parts (see [3] and [24, 2895]). This is
the foundationalist argument.

Regarding the constructibility argument, many composite objects presumably
exist which were not built from their basic constituents, such as space or the uni-
verse itself. Regarding the decomposition argument, I grant that not everything in
a model which contains a maximal non-terminating proper parthood chain, like M1
or M2, can be decomposed into its ultimate constituents in a finite number of steps.
But I do not see why the question of whether or not something can be decomposed
into its ultimate constituents simpliciter depends on that of whether it can be decom-
posed in a finite number of steps. Moreover, I do not see why the fact that something
cannot be decomposed into its ultimate constituents should prevent that object from
existing. Why should the fact that non-eternal beings incapable of supertasks cannot
deconstruct an object (mentally or physically) prevent that object from existing?16

Before replying to the foundationalist argument, let me explicate it in more detail.
Recall that the basic concern is that the existence of a non-terminating proper part-
hood chain will result in violations of the well-foundedness of grounding when
one presupposes that composite objects depend on their proper parts. The precise
principle follows.

(PPG) For any x and y, if y is a proper part of x, then x is partially grounded by y.

16Uzquiano makes a point concerning decomposition in favor of the claim that standard atomism best
captures the atomistic thesis.

Atomism makes sure that every fusion is composed of atoms, but it [was] never meant to
place further restrictions on the range of available patterns of decomposition for a given
fusion. [21, 234]

Strong atomism does so restrict the available patterns of decomposition for fusions. For example, it pre-
vents a thing from being composed of infinitely many atoms if that thing can only be decomposed in
the way that M2 can be decomposed: in an infinite number of steps, where there is no last step in that
decomposition. This is the nature of a maximal non-terminating chain. According to Uzquiano, atomism
is a thesis about composition, not about decomposition. If he is right, then whether or not it is possible
to decompose something in a certain way is irrelevant to whether that thing is atomistic. Varzi [24, 2895]
expresses a similar sentiment. Remarks of this sort suggest that any attempt to ensure our atomism axiom
proscribes maximal non-terminating chains would rest on a conflation of these two issues. While I am
sympathetic to this view, I am also cognizant of the concern I raised above; it seems that the proponent of
the view that strong atomism is the best way to capture atomism will simply deny that atomism is not a
thesis about decomposition. So I don’t think that Uzquiano’s point constitutes as decisive a reason to think
that standard atomism is the best way to characterize atomism as was available in the context of CEM.
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Grounding is metaphysical dependence. For x to be grounded by � is for x to meta-
physically depend on �. But there is a distinction between full grounding and partial
grounding. One way to think of x being fully grounded by � is to suppose that,
in addition to x metaphysically depending on �, the existence of � metaphysically
necessitates the existence of x.17 The existence of some partial grounds of something
need not metaphysically necessitate it. So, for example, the fact that both p and q is
fully grounded by p together with q. Neither p nor q may fully ground the fact that
both p and q, though the latter will be partially grounded by each taken individually.
Partial grounding is typically defined in terms of full grounding as follows.

Partial Grounding. x is partially grounded by � =df there are � such that (i)
� � � and (ii) x is fully grounded by �.18

A model with the structure of M1 or M2 would be considered problematic because
(PPG) would guarantee that a non-terminating proper parthood chain would result
in a non-terminating grounding chain, the latter of which is defined in a way that is
analogous to the way the former is defined.

Grounding Chains. � form grounding chain =df (i) there are x, y � � such
that x is partially grounded by y and (ii) for every x, y � �, either x is partially
grounded by y, y is partially grounded by x, or x = y.
(Downwardly) Terminating Grounding Chains. � form a (downwardly) non-
terminating grounding chain =df (i) � form a grounding chain and (ii) there is a
y � � that partially grounds every other x � �.

The existence of such a chain conflicts with the claim that grounding is well-founded
which, like superatomism, requires that every chain terminates.

It is certainly true that, given (PPG), non-terminating proper parthood chains result
in conflicts with the claim that grounding is well-founded, where that claim is under-
stood as the claim that grounding is a well-founded relation in the mathematical
sense, i.e., that every set S of the domain of grounding has a ground-minimal ele-
ment (an element which isn’t grounded by anything in S), and implies that every
grounding chain terminates. However, the operative premise in the argument seems
to be that metaphysical foundationalism is true, where metaphysical foundational-
ism is a certain view about how reality is structured by grounding. If metaphysical
foundationalism best captured as the claim that grounding is well-founded in the
mathematical sense, then the argument is sound. But as Dixon [5] argues and
Rabin and Rabern [16, 363–64] suggest, the most plausible way to characterize
metaphysical foundationalism is as follows.

17Not everyone endorses the claim that full grounds necessitate what they ground. See, for example, [19].
But supposing this provides a useful way to get an intuitive handle on the notion of full grounding, espe-
cially as it contrasts with that of partial grounding. For a general introduction to the notion of grounding,
see [1].
18This definition has its skeptics. Leuenberger [10], for example, argues that something can be partially
grounded by something that is not among any full grounds of it. As it happens, however, the foundationalist
argument depends only on the less controversial right-to-left direction: that everything among a thing’s
full grounds is a partial ground of it.
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Full Foundations. For every non-fundamental entity x, there are some fundamen-
tal entities that fully ground x,

where a fundamental entity is one which has no grounds and a non-fundamental
entity is one that is not fundamental. And, as Dixon [5, Section 7], Litland [12], and
Rabin and Rabern [16, 366] note, full foundations is compatible with the existence
of non-terminating grounding chains — both non-maximal and maximal, where

(Downwardly) Maximal Grounding Chains. � form a (downwardly) maximal
grounding chain =df (i) � form a grounding chain and (ii) there is no y that
partially grounds every x � �.

(PPG) would presumably be adopted as a result of adopting a stronger but no less
plausible principle connecting composition to full grounding.

(CFG) For any x and �, if x is composed of �, then x is fully grounded by �.

Neither M1 nor M2, nor any model with either structure, results in a violation of
full foundations once (CFG) is applied (which one would no doubt apply along with
(PPG)), as long as, in M1, an is composed of b, cn, cn+1, . . . for every n ∈ {0, 1, . . .}
by each definition of fusion (which the reader can confirm is the case), and, in M2,
an is composed of bn, bn+1, . . . for every n ∈ {0, 1, . . .} by each definition of fusion
(which Varzi [24, 2894], fn. 5 proves). I’ll focus my attention on M2. Once (CFG) is
applied, every non-fundamental entity an in it (i.e., every composite entity) is fully
grounded by some fundamental entities bn, bn+1, . . . (i.e., by some atomic entities)
for every n ∈ {0, 1, . . .}. It appears, then, that the foundationalist argument will not
support the claim that all non-terminating proper parthood chains should be pro-
hibited either, at least if Dixon and Rabin and Rabern are right about how best to
formulate metaphysical foundationalism. Nor will it even support strong atomism.19

19Note that full foundations is weaker than the claim that every grounding chain terminates (see [5, Section
4] and [16, 362–67]). And it is weak enough to allow one to avoid Cotnoir’s [3] conclusion that super-
atomism is true, which he shows follows from (i) the claim that parthood is a partial order, (ii) (PPG), and
(iii) the well-foundedness of grounding, by allowing one to reject (iii). Moreover, as Dixon [5, Section 6–
7] and Rabin and Rabern [16, Thms. 9 and 10] show, full foundations is logically independent from the
claim that every maximal grounding chain terminates, and thus represents a way of weakening the thesis
that grounding is well-founded that is different than that considered by Cotnoir [3, 70], and which, cru-
cially, seems adequate to its purpose. As Dixon [5, 454–55] notes, the claim that every maximal grounding
chain terminates is inadequate as a characterization of metaphysical foundationalism since it allows for
models which, intuitively, are not foundationalist. Interestingly, although the claim that every maximal
grounding chain terminates is logically independent from full foundations, strong atomism, along with
(CFG), implies full foundations if it is assumed that every non-fundamental entity is composite (and so
every atom is fundamental). (While this may be implausible in general, it is benign in this context because
I am here concerned only with the implications of parthood claims on the domain of grounding.)

Proof Consider an arbitrary non-fundamental entity a. Since a is non-fundamental, a is composite. By
Propositions 6 and 7, strong atomism implies that everything is composed of atoms (on all three of the
standard definitions of fusion). So a is composed of some atoms. By (CFG), a is fully grounded by atoms.
Since every atom is fundamental, a is fully grounded by some fundamental entities. Since a is arbitrary,
every non-fundamental entity is fully grounded by fundamental entities.
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To the extent that my replies are convincing, they prevent the three arguments
I have just considered from establishing the metaphysical impossibility of non-
terminating proper parthood chains, maximal or otherwise. I will now discuss a
consideration for the metaphysical possibility of maximal non-terminating proper
parthood chains, and thus in favor of the idea that standard atomism is preferable
to either strong atomism or superatomism. This will come in the form of an appar-
ently metaphysically possible object that has a mereological structure which contains
a substructure isomorphic to the structure of M2, and so includes at least one such
chain. This will constitute my case that standard atomism is more defensible than
strong atomism in EM and strictly weaker mereologies.20 But I hope that it will also
have another effect. In particular, I hope that it will remove some of the perplexity to
which Uzquiano [21, 233] alludes about models like M2. A realistic interpretation of
such models should help convince us that maximal non-terminating proper parthood
chains are not as offensive as we might be inclined to think when we consider them
only in the abstract.

Recall that we are now working within the context of non-classical EM. So not
every collection of objects in the domain of a model will necessarily have a fusion in
it. CEM is controversial in this respect anyway, since it allows for the possibility of
composite objects which intuitively don’t exist. Many think that, in order for there to
be something that is composed by some things, those things must meet a condition
stronger than mere existence, e.g., they must be attached to one another in some sense
(see [22, chs. 2–7]). So, while many would presumably assent to the claim that Great
Britain and Northern Ireland compose an object (the United Kingdom); England,
Wales, and Scotland compose an object (Great Britain); and England, Wales, Scot-
land, and Northern Ireland compose an object (the United Kingdom), many would
presumably deny that, for any � among England, Wales, Scotland, and Northern Ire-
land, � compose an object. The only composition claims that hold of any of the UK,
Great Britain, England, Wales, Scotland, and Northern Ireland appear to be those just
mentioned, depicted by the boxes in Fig. 5. An object with the mereological structure
represented by M2 is possible if we think there can be an object akin to the United
Kingdom insofar as it can only be decomposed in certain ways, but which differs
only in that that decomposition would take an infinite number of steps.

Such objects appear to be metaphysically possible, at least if one is not presuming
the truth of CEM. Suppose, for example, that there is a staircase made of indivisible
slabs, which are mereological atoms, each with a thickness of one foot, that starts at
sea level on flat Earth and runs downward forever. And suppose that, for whatever
reason, only singular and infinite sequential collections of these slabs can compose
objects. (Numerical restrictions on the conditions under which some things of a cer-
tain type compose a larger object are not unprecedented outside of a classical setting.
Distinct quarks, after all, can, in such a setting, naturally be taken to compose objects

20One might argue that the fact that, of the three principles, only standard atomism can be specified in
singular first-order logic, which is the language underlying most developments of mereology, is a point in
its favor. See fn. 7. Because I do not find the use of plural first-order logic objectionable, I will not pursue
this argument here.
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Fig. 5 Large geographical entities in the British Isles. A solid line connecting a node x to a solid box
enclosing nodes y1, y2, . . . indicates that x is composed of y1, y2, . . .

only in threes.) Under these assumptions, the staircase can only be decomposed in
one way: by removing slabs one at a time from the top downwards. Its immediate
proper parts are the top slab and the staircase that starts one foot below sea level.
The immediate proper parts of that staircase, in turn, are the penultimate slab and the
staircase that starts two feet below sea level. And so on. This object would have the
mereological structure of M2. And, while it would be impossible for any craftsperson
I know to construct such a staircase, it seems metaphysically possible.21

So adopting a principle stronger than standard atomism seems neither well-
motivated nor without costs, in the sense that the best arguments for doing so are
suspect, and doing so forces one to exclude the possibility of seemingly metaphys-
ically possible objects. But there are reasons, even in the case of EM and strictly
weaker mereologies, to think that not only is standard atomism more defensible than
its rivals, it best captures the atomistic thesis. I present two such reasons. The first is
methodological. Standard atomism is strictly the weakest of the three principles no
matter what mereology one is working with. The other two change their strength rel-
ative to one another when one moves from a mereology strictly weaker than CEM
to CEM. Thus standard atomism is unique in that it can act as a baseline, regard-
less of one’s preferred mereology, below which there are objects which are definitely
offensive to the atomistically inclined, and above which there might be some debate.

My second reason for thinking that standard atomism best captures atomism is
that the whole point of being an atomist, it seems to me, is to exclude the possibility
of gunk, where

Gunk. x is gunk =df every part of x has a proper part.

Atomism, is, after all, traditionally represented as the alternative to the possibility
of gunk (see, for example, [18, 41–42]). And it turns out that the claim that there is
no gunk is equivalent to the claim that everything is composed of atoms (standard
atomism) in all of the mereologies I have considered.

Proposition 13 The claim that there is no gunk is equivalent to standard atomism in
CEM and strictly weaker M-mereologies.

21Other similar examples include an infinite set of Russian dolls, the outermost one of finite size, and
every other half the width of the one encapsulating it, and an onion of finite size with an infinite number of
layers, each inner layer half the thickness of the one encapsulating it. Thanks to Martin Pleitz and Martin
Glazier (personal communications) for respectively suggesting these examples.

1236



Between Atomism and Superatomism

I prove this by first proving that atomicity (the claim that everything has an atomic
part) is equivalent to standard atomism. Second, I prove that the claim that there is
no gunk is equivalent to atomicity. Thanks to Varzi, we know that atomicity implies
standard atomism in every mereology I have considered and given any of the three
standard definitions of fusion.22 And standard atomism implies atomicity in every
such mereology and on every such definition as well. If everything is composed of
some atoms, then everything has an atomic part. The only case in which this is not
immediately obvious given the definitions of composition and fusion is in the case of
fusion 2.

Proof Suppose that everything is composed of atoms and consider an arbitrary a.
Either a is atomic or composite. If a is atomic, then it has itself as an atomic part.
If a is composite, then a is composed of atoms B. It follows that a fuses B, and so
a overlaps all and only those things which overlap at least one y � B. Consider
an arbitrary b � B. b overlaps itself, and so overlaps at least one y � B. Since b

is atomic, it has no proper parts. So the only way it can overlap a is for it to be (a
proper) part of a. Since B exist, so does b, and so a has an atomic part.

Note that this proof relies on no special assumptions about parthood, and so estab-
lishes the claim in all of the mereologies of interest. As to the second equivalence, it
is obvious that atomicity implies that there is no gunk, since, if there were, something
would fail to have any atomic parts.23 And it is easy to prove that the claim that there
is no gunk implies atomicity.

Proof Suppose that there is no gunk, and consider an arbitrary a. Then some part b

of a has no proper parts. That is, b is an atom. Since a is arbitrary, everything has an
atomic part.

These last two implications depend only on the definitions of gunk and atomic-
ness. Proposition 13 follows by the transitivity of logical equivalence. The signifi-
cance of this result is that if the whole point of being an atomist is to rule out gunk,
then standard atomism does the job. If one wants to adopt a stronger principle, that is
one’s right. But one will be adopting a system that is stronger than an otherwise iden-
tical atomistic system, and one will have to find another reason to justify it. But, as I
discussed in this section, compelling motivation for that move is yet to be found. And
in making that move, one will have to rule out seemingly metaphysically possible
scenarios, like the existence of infinitely many objects, the existence of objects com-
posed of pointy simples, and the existence of objects like the infinitely descending
staircase.

22With the exception that it holds in the case of fusion 3 only in mereologies at least as strong as EM. See
the discussion of Proposition 7 in Section.
23Tsai and Varzi [20] construct a model of EM in which atomicity is true but in which, they allege, some
elements of its domain have parts which “can be divided indefinitely into smaller and smaller proper parts”
(Ibid.: 232). However this claim is understood, as Uzquiano notes [21, n. 8], it cannot be understood as the
claim that every composite object in the model has gunky parts, and so does not count as a counterexample
to the claim that atomicity implies that there is no gunk.
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6 Concluding Remarks

I showed that superatomism is strictly stronger than strong atomism, which (given
the Hausdorff maximal principle) is strictly stronger than standard atomism in EM
and strictly weaker M-mereologies. I also showed that each of superatomism and
strong atomism, while equivalent to the other in CEM, is strictly stronger than atom-
ism in CEM. I then argued that standard atomism is more defensible than either of its
stronger counterparts no matter which of these mereologies one adopts, and argued
further that it, and neither of its stronger counterparts, best captures the atomistic
thesis. As a result, we should take the possibility of non-terminating proper part-
hood chains (maximal or not) seriously. And we should not conclude that a model is
not atomistic simply because it contains a maximal non-terminating proper parthood
chain.
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Appendix

Proof of Proposition 6 Suppose that every maximal proper parthood chain termi-
nates and consider an arbitrary a. I set out to show that a has an atomic part. Suppose
for reductio that a does not have an atomic part and define Z so that, for any x, x � Z
iff x � a. Since every atom has itself as an atomic part, a must be composite; hence
it has a proper part, and so Z exist.

(1) First I show that, for any x � Z, there is a y � Z such that y � x. Consider an
arbitrary b � Z. b isn’t atomic, since, if it were, a would have an atomic part,
contrary to the initial reductio assumption. Hence b is composite, and so has a
proper part c. By the transitivity of proper parthood, c � a. But then by the
characterization of Z, c � Z. So there is a y � Z such that y � b.

(2) Next I show that there is a maximal chain among Z. Consider again an arbitrary
b � Z. From the previous result, b has a proper part c � Z. So there is a chain
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formed by b, c = ZC, where ZC � Z. Since � partially orders its domain, the
Hausdorff maximal principle guarantees that there is a maximal chain formed
by some M such that ZC � M.

(3) I now set out to show that the chain formed by M has as a final segment a chain
formed by objects among Z that is both maximal and does not terminate. Define
N so that, for any x, x � N iff x = b or both x � M and x � b. Since b exists,
N exist.

(a) I now show that N form a final segment of the chain formed by M.

(i) I first show that N � M. Consider an arbitrary d � N. Whether d = b

or d � b, by the characterization of N, d � M. Since d is arbitrary, for
every x � N, x � M.

(ii) I now show that every x � N is a proper part of every y � M such
that y � N. Consider arbitrary d � N and e � M where e � N. (If
there is no such e, the goal follows trivially.) By the characterization of
N, either d = b or both d � M and d � b. Since d, e � M and M
form a chain, either d � e, e � d , or d = e. If e � d then, if d = b, it
immediately follows that e � b. And if d � b, the transitivity of proper
parthood guarantees that e � b. And since e � M, the characterization
of N guarantees that e � N, contradicting the assumption that e � N. If
e = d , it also follows that e � N, since it was assumed that d � N, again
contradicting the assumption that e � N. So d � e.

(b) I now show that N � Z. Consider an arbitrary d � N. By the characterization
of N, d = b or d � b. If d = b, then, since b � Z, the characterization of Z
guarantees that b � a, and so d � a. If d � b, then, since, for the same reason,
b � a, the transitivity of proper parthood guarantees that d � a. Either way,
d � a. So by the characterization of Z, d � Z. Since d is arbitrary, for every
x � N, x � Z.

(c) I now show that N form a chain.

(i) I first show that there are x, y � N such that x�y. By the characterization
of N, b, c � N. It is also known that c � b (see step (2)).

(ii) I now show that, for any x, y � N, either x � y, y � x, or x = y.
Consider arbitrary d, e � N. Since, by result (3)(a)(i) above, N � M, the
transitivity of inclusion guarantees that d, e � M. Since M is a chain,
either d � e, e � d , or d = e.

(d) I show next that the chain formed by N is maximal. Suppose for reductio that it
is not. Then every x � N shares a proper part d . (Remember that the definition
of maximal chains presupposes the transitivity of proper parthood.) Consider
an arbitrary e � N. Then d � e. Now consider an arbitrary f � M. Since M
form a chain and, by (3)(a)(i), e � M, either (i) e � f , (ii) f � e, or (iii) e = f .

(i) Suppose e � f . The transitivity of proper parthood guarantees that
d � f .
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(ii) Suppose f � e. Since e � N, the characterization of N guarantees that
e = b or e � b. If e = b, it immediately follows that f � b. And if
e � b, the transitivity of proper parthood guarantees that f � b. Since
f � M, the characterization of N guarantees that f � N. And since d is
a proper part of every x � N, d � f .

(iii) Suppose e = f . Then since d � e, d � f .

Any way, d � f . And since f is arbitrary, d is a proper part of every x � M.
So some y is a proper part of every x � M. It now follows that the chain formed
by M is not maximal, contradicting the result of the above application of the
Hausdorff maximal principle (see step (2)), which ensures that it is.

(e) I now show that the chain formed by N does not terminate. Suppose for reductio
that it does. Then there is a d � N such that, for every x � N, if x �= d then
d � x. Since, by result (3)(b), N � Z, d � Z. Then, by result (1), d has a proper
part e � Z. Now consider an arbitrary f � N. Either f = d or f �= d .

(i) Suppose f = d . Then, since e � d , e � f .
(ii) Suppose f �= d . Then, by the reductio assumption, d � f . But since

e � d , the transitivity of proper parthood guarantees that e � f .

Either way, e � f . Since f is arbitrary, every x � N has e as a proper part. But by
result (3)(d), N is maximal, and so there is no y that is a proper part of every x � N.
Contradiction. So the chain formed by N does not terminate.

But since, by result (3)(d), the chain formed by N is maximal, the initial assump-
tion guarantees that it terminates. Contradiction. Hence a has an atomic part. And
since a is arbitrary, everything has an atomic part.
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