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Abstract. How is the debate between endurantism and pertismaaffected by the transition from pre-
relativistic spacetimes to relativistic ones? Ateaggesting that the endurance v. perdurance clistmmay
run together a pair of cross-cutting distinctiomg(eological endurance v. mereological perdurande a
locational endurance v. locational perdurancejsd¢uks two recent attempts to show that the tiangi
question does serious damage to endurantism @tdéthe locational variety).

1. Introduction
Contemporary discussions of persistence through #éire dominated by a pair of rival theories,
endurantism and perdurantisrehilosophers on both sides of the debate agréettimary material
objects such as rocks and human beings typipallgist i.e., exist at multiple times. They disagree d@bou
what this involves. In the current terminology, erahtists say that all persisting material objectdure
whereas perdurantists say that all such obetdure There is controversy about the best way to define
these terms rigorously, and | say more about thligviy but a first pass is this. A thing perdurest jn
case it is temporally extended and has a diffeemporal part at each different instant at which it
exists, whereas a thing endures just in casekslsamporal extent and persists not by having teadpo
parts but rather by being multi-located in timen-particular, by beingvholly presentit each instant at
which it exists’

The debate cannot be settled empirically in arsigtttforward way: the world might well look,
sound, and feel just as it actually does regardiéssich view is correct. Any grounds for prefegione
view to the other are likely to be more philosoghithan empirical. Unsurprisingly, the philosopliica
considerations have pulled in different directiongh endurantism receiving support from common
sense and perdurantism receiving support fromléged puzzle-solving ability. A number of these
issues are dealt with in anotHetilosophy Compagsaper (McGrath 2007), so | will not discuss them
here.

Special relativity (STR) and general relativity (R)Tplayed a minor role in the debate until
recently. It had long been assumed that endurantigsness plausible in a relativistic context tihaa
pre-relativistic one, but very little was said abexactlywhythis should be. In the last ten years,
however, metaphysicians have started to pursuegti@stion in more depth and detail. Here | ass@s®e s

highlights of the recent literature.



2. Many Relativistic Threats to Endurantism
What is it about the shift from classical to relaiic physics that makes trouble for endurantigh@
following answers suggest themselves:

® Relativity might favor the B-theory of time ovpresentismand other versions of the A-

theory of time, upon which endurantism is ofterdgaidepend.

(i) Relativity might undermine the view (‘separatisiitiat space and time are two separate,

nonoverlapping manifolds, a view upon which endtisam might be thought to depend.

(iii) Relativity might undermine certain forms siibstantivalisthabout time or spacetime

upon which endurantism deperfds.

(iv) Relativity might support the possibility of backwlaime travel, a possibility that is

often said to pose problems for endurantism.
(v) Relativity might undermine the view that there igraferred way of carving spacetime as
a whole, or the spacetime paths of individual [s&irsy objects, into instantaneous, non-
overlapping ‘time-slices’, a view upon which enduram might be thought to depend.
Each of these routes from relativity theory to diemial of endurantism deserves to be taken seyiooist
in keeping with the contemporary literature, | viidtus on (v). | discuss routes (i) and (i) inegarate
Philosophy Compagsaper (author, under review).

Here | will assume that endurantism can be tenedatybined with thé&-theory according to
which the past, present, and future are metaphiysmaa par, and witspacetime unitisrfas | call it),
according to which we inhabit just a single mardfdpacetime) rather inhabiting two separate métsfo
(space on the one hand and time on the other). Mg gquestion will be this: how does the transition
from pre-relativistic spacetimes to relativistiasptimes affect the debate between endurantism and
perdurantism? | will consider two recent attemptshow that this transition does serious harm to

endurantism (or at least to one form of it).

2. Galilean Spacetime and Minkowski Spacetime
First, a very quick sketch of some important feesusfGalilean spacetiméone prominent type of
classical or pre-relativistic spacetime) avfishkowski spacetimé@he spacetime of special relativity). Both
are composed of instantaneous, spatially unextemdetologically simple spacetime points. Theyetiff
with regard to the spatiotemporal relations thatl lamnongst their constituent points.

Start with Galilean spacetime. Temporal duratiowedl defined there: for any spacetime points p

and q in a Galilean spacetime, there is a faab #set number n of minutes (e.g.) by which p presegef
n is positive p precedes g (by n minutes), if ndgative, q precedes p (by —n minutes) and ifzeis,

then p and q are simultaneous (so absolute sinaityais also well defined in Galilean spacetime3. &



result, there is always exactly one way to divigeauGalilean spacetime into a set of non-overlappin
maximal hyperplanes of absolute simultaneity, dwbgl time-slices’. For any two points within a giv
hyperplane, spatial distance is well defined: therefact as to the number of feet (e.g.) by wiiaise
points are spatially separated. Indeed, simultanepeacetime points in Galilean are governed by
Euclidean geometry. For non-simultaneous pointagver, spatial distance is not well defined. So, fo
any two events occurring at different times, theneo fact as to whether they occurred ‘at the same
place’, nor any fact as to how far apart they wergpace. This means that absolute velocity isuabit
defined™® Absolute acceleration, however, is. For any gieentinuous line, |, that intersects each
hyperplane at exactly one point, and for any ppiah |, there is a fact as to tbervatureof | at p. Iflis
straight at p, this means that | corresponds t@tssible trajectory of a particle that is not dexaing at
p. The greater the curvature of | at p, the graaeeiacceleration of the particle taking the cqroesling
trajectory at p.

In Minkowski spacetime, neither temporal duratioor, absolute simultaneity, nor spatial
distance is well defined; but certain other notiars. First, there is the future light cone of acgiime
point p: this can be thought of as the set of painat could be reached by a light signal (butloover
signal) emitted at p. Second, the past light cdie this is the set of those points on whose futight
cones p lies. Third, there is the interior of pitufe light cone, which consists of those poing tiould
be reached by a slower-than-light signal emittedhfp, and the interior of p’s past light cone, whéan
be defined a parallel way. Finally, there is p’sa@lbte elsewhere, which consists of the pointsdhat
spacelike separated from p. No light signal emifteth p could reach any of these points (or vicesag
It is widely assumed that causal connections caméxdiated by light signals (and slower-than-light
signals) but not by anything faster than light, dethat an event occurring at p can cause events
occurring on or inside of p’s future light conedgéther called p’s causal future), and can be caged
events occurring on or inside p’s past light cqrie ¢ausal past), but can neither cause nor beeddus
anything in its absolute elsewhere.

A point p is said to be lightlike (or null) sepaedtfrom itself and from the points on its past and
future light cones, and it is said to be timelik@mated from the points inside its past and future
lightcones. The spacetime paths of photons (whésteimo mass) are ‘lightlike lines’, consisting of
lightlike separated points, whereas the path airtigbe with mass is a ‘timelike line’, which alway
remains in the interior of the light cones assedatith points on that line. Other well definedions in
Minkowski spacetime include: (i) the distinctiontlween a timelike line’s being accelerated (cunat)
given point and its being inertial or non-acceledafstraight) at that point, and (ii) theoper time
elapsed along a given timelike line | linking amtqd to a point g. Different lines linking p anaml,

however, be associated with different amounts oper time.



Another notion that is useful in connection witlinkbwski spacetime is that of an inertial
reference frame. Intuitively, an inertial framegigen by a set of non-accelerating objects that are
mutually at rest, but more formally it can be deflras a maximal set of maximal, straight, pair-wise
parallel timelike lines. For any points p and q arettial frame F in Minkowski spacetime, theraifact
as to the number of minutes by which p precedesative to F (and hence a fact as to whether pgand
are simultaneous relative to F), and there is gdiaout the spatial distance between p and qvel&ti F
(even if they are non-simultaneous), and the falotait these distances will be governed by Euclidean
geometry. Each inertial frame, therefore, is asgediwith its own way of dividing up Minkowski
spacetime into non-overlapping hyperplanes of ‘Baelative’ simultaneity.

Although the distances and durations between pwarisbetween frames, the spacetime interval
does not. If F is an inertial frame, p and q ar@cspime points, s is the distance in feet betweamdpq
relative to F, t is the duration in minutes betwpeand q relative to F, and c is the speed of ligifieet
per minute, the interval | between p and q is givgnhe following formula:

1= (S) - (¢1)

Points p and q are spacelike separated just inltaspositive, lightlike separated just in case izéro,

and timelike separated just in case it is negatige/alue remains constant across all inertiahfra.

3. Disentangling Mereology and Location
At this point it will be helpful to get clearer alitcthe exact formulation of endurantism and pendtisen.
Some take ‘endures’ to mean nothing more than igterbut does not have temporal parts’. Others itake
to mean something like ‘persists and exactly oasipach in a series of temporally unextended
regions’** As we shall see, this makes a difference. Therlatirt of endurance, calllicational
endurance, faces prima facie problems in relattvigorlds that the former sort, callritereological
endurance, avoids. If we assume spacetime sub&tbsin, we can formulate the relevant doctrines as
follows.

We start with a binary locational predicate, ‘isakly located at’, whose intelligibility has not, to
my knowledge, been questioned. (I take the preglitat Parsons (2007).) Intuitively, to be weakly
located at a spacetime region isfmtiotemporally overlaghat region: a thing is weakly located at any
region that is “not completely free of” the thirgarsons 2007: 203). We then say that a regioraR is
object’spath (my term) just in case R has a subregion in comwmitimall and only those regions at
which the object is weakly located. This captuhesthought that a thing’s path is the region tixacdy
corresponds to the thing’s complete history or@ar®ur next step is to define ‘achronal’, a
relativistically acceptable variant of ‘instantaneb a region is achronal just in case for anyiniist

points p and g in that region, p is spacelike sapdrfrom g. An achronal region need noflag it need



not be a subregion of some hyplaneof frame-relative simultaneity. Thus there carabkronal regions
even in the curved spacetimes of GTR, some of wéactiain no such hyperplanes. (Note, though, that
GTR does not rule out the possibility of flat reggaor global hyperplanes of frame-relative simudign)

With these notions in hand, we can say that a thérgistgust in case it has a path that is not
achronal. Aninstantaneougor achronalyemporal partof a thing O can then be defined as a thing P such
that: (i) P’s path is an achronal slice of O’s pattii) P and O are co-composédt P’s path, and (jii) P is
a part of O at P’s path. A thing can be saich&reologically perdurgust in case it persists and has a
‘sufficiently full distribution’ of temporal parts perhaps one for each achronal slice of its geHaps
one for each continuous temporal ‘chunk’ of itshgdiperhaps even one for each sum of achronal slices
of its path; | will leave these matters open. Cgpandingly, we can say that a thimgreologically
enduregust in case it persists but does not have sutibtabution of temporal parts. Mereological
perdurantism can be stated as the view that aigigrg material objects mereologically perdure,
mereological endurantism as the view that all salgjects mereologically endut?.

Whereas the dispute between mereological enduna@atisl perdurantism concerns the existence
of temporal parts, the dispute betwéerational endurantism and perdurantism concerns the locatbn
persisting objects. To get this second disputehaffground, we need to invoke a different — andemor
controversial — binary locational predicate: ‘exaciccupies’. Intuitively, a thing exactly occupias
region just in case the thing has exactly the sstma@e and size as the region and stands in abthe
spatiotemporal relations to things as does therediloreover, on the intended interpretation of the
predicate, there should be nothing contradictorgtsiously false about the claim that a singleghin
exactly occupies each of two or more regions witlexactly occupying their sum or any of their pnope
subregiong® (This allows that we may ultimately come to bedi@n the basis of substantive argument
that such multi-location, whilmtelligible, is metaphysically impossible.) Friends of ‘exaattcupies’
typically take it to be the unique primitive locatial predicate, with Parsons’s ‘x is weakly locaaedR’
defined in terms of it, as ‘x exactly occupies saegion that has a subregion in common with'R’.

The question of whether ‘exactly occupies’ is ilngdble has recently become the focus of debate
in its own right'® Much is at stake. For if we help ourselves to phisdicate, the dispute between
locational endurantism and perdurantism emergasggnuine issue, entirely orthogonal to the debate
about temporal parts, at least from a narrowlydappoint of view. (See fig. 1.) Say that a thing
locationallyenduregust in case it persists and exactly occupies antyonal regions, and say that a
thing locationally perduregust in case it persists and exactly occupiesameonly one region. (This
distinction is far from exhaustivé) Then locational endurantism can be stated agi¢hethat all
persisting material objects locationally endurej kxtational perdurantism as the view that all iséirg

material objects locationally perdure. (This digpistidentified and distinguished from the dispalteut



temporal parts by Gilmore (2006: 204-208), Hawtleaf2006: 103-104), and Sattig (2006: 47-65),

though Hawthorne expresses some skepticism abxauttlg occupies’.)

Locational Perdurance Locational Endurance
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Figure 1

Locationally enduring things are multi-located aadhporally unextended (though they have
temporally extended paths). Locationally perdutimiggs are singly located and temporally exten&ed.
far as our definitions are concerned, there isingtto stop a locationally enduring thing from hayi
temporal parts and hence mereologically perdutimigk of a multi-located lump of clay that constés
a different instantaneous statue for each differestant in its career (Sider 2001: 64-65). Norgloe

anything in our set of definitions stop a locatibnperduring thing from lacking temporal parts and



hence mereologically enduring: think of a singlgdted and temporally extended but mereologically
simple electron. Whether there are entailments gstahese views (e.g., from mereological endurantis
to locational endurantism) is a substantive quedtiat can be answered only by doing serious
metaphysics. This is the case, anyway, so longxatly occupies’ can be grasped. If it cannot tine
dispute between locational endurantism and locatipardurantism is a mirage, and those interested i

the metaphysics of persistence should turn away fto

4. Balashov’'s Explanatory Argument
If a persisting object (e.g., the earth) is spBtitiree-dimensional and inhabits a relativistiasgtime,
then for any spacetime point p in its path, theitebe many different achronal slices through iédlpthat
intersect p. These three-dimensional slices witywa shape, depending upon the angle at which they
intersect the path. For example, the slice thargeicts the earth’s path at a right angle to lthveil
approximately spherical, whereas those that intersat a different angle (those slices associatelal
observers in motion with respect to the earth) lglloblate (squashed) to different degrees, depgndi
upon the angle. Moreover, if we task of the achronal slices through the earth’s patth jirst those
passing through p), we will find that despite theiriations in size and shape, they combine to farm
relatively smooth, simple 4D volume — viz., thetkarpath.

Yuri Balashov has used facts like these as theslodisin inference-to-the-best-explanation
argument for perdurantism (1999, forthcoming a) ylbes the apparent 3D shape of the earth vary in
the relevant ways? And why do the associated 3@megwhich display such a variety of shapes, come
together to form such a smooth and simple 4D vofufkecording to Balashov, the best explanation of
these facts appeals to the hypothesis that thie isaaitfour-dimensional, perduring object, extenbletih
spatially and temporally, with an invariant 4D shayhose intrinsic geometry mirrors that of the oegi
of relativistic spacetime that the earth exactlguges. Each of the 3D shapes associated withatttle, e
relative to a given slice, is the invariant shapthe achronal temporal part of the earth that #yac
occupies that slice:

This explanation is open to the perdurantist, whlelres in 4D objects, but not to the enduraniibio

denies their existence. Indeed, the endurantistwaile a hard time explaining how “separate andddo

3D shapes come together in a remarkable unityeibgihg themselves to an arrangement in a compdct an
smooth 4D volume. Where the four-dimensionalistdasady and natural explanation of this fact:
different 3D shapes are cross-sections of a s#ilebject, the three-dimensionalist must regaesbia
mystery. One should not expect to be able to fiudnitrary collection of 3D shapes into a neat 4B,
without corrugations, dents and gaps. (Balagbhawcoming a

One might reply by arguing that Balashov’s reqti@san explanation of the ‘unity’ of the relevarid 3

shapes is illegitimate for some reason (Sattig 2088). But most have conceded, at least for tke s



argument, that there is some explanatory burdémeivicinity, and then have gone on to argue that t
endurantist can meet it.

An easy way to meet the burden — some will sayspisiously easy way — is to explain the
relevant facts about 3D shapes by appeal to féctstahe mereological structure and intrinsic getoyne
of the 4Dpathsof persisting objects, while remaining neutral attthe nature of the persisting objects
themselves. Whether or not persisting objects tkeéras have four-dimensional extent, and whether or
not these objects themselves have achronal temparisl, everyone can agree that their spacetintes pat
do. So the endurantist can account for the fatttkieaearth has different 3D shapes relative tiedht
perspectives by noting that its path has an inmad® shape and is composed of different achronal
slices, running at different angles, that haveréievant 3D shapes. The endurantist can then hatdatl
it is for a thing to have a given 3D shape S retato a given perspective (or maximal achronalaegis
for the intersection of the thing’s path and theegi maximal achronal region to have shape S sirtgalic
Given that the earth has a certain region as tts grad given that this region possesses the relevan
relativistic geometry, there would be no mysterglasurrounding the facts about the earth’s 30pska
relative to different maximal achronal regions. ffam it: the endurantist (if he knows his relatyvi
theory) will see these facts as completely predleta

By way of rejoinder, Balashov can argue that theueantist is still at a disadvantage. What the
easy reply does is simply to {gke for grantedhe fact that the earth has a 4D region of spaeetiith a
certain shape as it path, and to (ii) use thistfaeixplain the data concerning the 3D shapes iadedc
with the earth. This succeeds as far as it godst taes not go very far, for it leaves one crutaat
unexplained — viz., the fact that the earth hagiiheegion with the relevant shape as its path. The
perdurantist, by contrast, has an attractively fenapd straightforward explanation of this: thesmra
why the earth has a 4D region, shaped thus-anassits path, is thdhe Earth itself is 4D and has
exactly that shape

Can the endurantist explain why the Earth has aysdth? The main strategy, pursued in
different ways by Sider (2001: 83-87), Miller (20(66-368), and especially Gibson and Pooley (2006:
187-191), is to appeal to (i) facts about whicharparticle&’ the earth is composed of at which stages
in its history, (ii) facts about the fields acting those patrticles, and (iii) facts about the geloyref
spacetime in the neighborhoods of the particlesnd knows everything there is to know about thbga
of the relevant particles and about which segmeintisose paths correspond to the stages of thlesit
histories during which those particles are parthefearth, then (the proponents of this stratésyng
one should be in a position to say why the eaphtb is 4D and shaped as it is: after all, its péathbe

the sum of the relevant segments of the partiga#is. One could then go on to explain the faatsiab



the variety of 3D shapes associated with the éaridgrms of the facts about its 4D path — and @&heut
ever asserting that the earth itself is temporitgnded or composed of temporal parts.

Balashov (1999, forthcoming a) argues that sudbrovreductive’ explanations are deficient by
comparison with his favored perdurantist explamatiée draws an analogy with Hilary Putnam’s
example involving a peg and a board with two haotes (1980: 137-139). The peg, which is cross-
sectionally square, can pass through the squaesbiubinot through the round hole with the sameszros
sectional area. Why? Putnam discusses two exptasaiDne appeals to a complex collection of
microphysical facts concerning, among other thingsails about the relations amongst the pegs’
constituent particles and those of the board, tegewith the fundamental physical laws governirgy th
interactions between these particles. The othdaeafion just points out that the peg is squaresancin
fit through the square hole (whose cross-sectiared is slightly larger than that of the peg) bait n
through the round one, since both the peg anddbedkare rigid. Putham argues that the second
explanation is better than the first: it is easteunderstand, and it cites just those struct@atiures of the
situation that are relevant and common to manyratstems, while ignoring the irrelevant facts abou
precise atomic microstructure, which are unlikelyoe shared by any other systems.

Balashov agrees and suggests that, for parallebnsathe perdurantist explanation of the fact
that the earth has a 4D path of such-and-suchmesbkdetter than the microreductive explanation:

The perdurantist has no need to invoke irrelevaotaphysical facts about the occupation of spacetim
points by the fundamental constituents of materigécts. And she has no need to invoke the dethils
local dynamics (which may, after all, be differémt different kinds of objects, vary from material
material, etc.) (forthcoming a).

Rather, the perdurantist simply cites the fact thatEarth itself is 4D and has exactly the shape i
guestion.

In response to this point, one might try to argitleer that the perdurantist explanation is not
really any better than the microreductive explamaor, alternatively, that while the former is eetthan
the lattergiven our cognitive limitations and practical congg it is not better in any way that would
give us reason to believe that the hypotheses tchwhappeals are literally trifé Suppose, however,
that one sides with Balashov on both of these ss9Dae might still doubt that his argument achieves
exactly what he intends. Two concerns arise.

First, relativityper seno longer plays an essential role in the argun@niginally, the data to be
explained concerned the variety of 3D shapes asakivith the earth, and the fact that these shapes
combine to form a smooth 4D volume. Call this erpladun3D SHAPESThe perdurantist explained it
in terms of the earth’s being 4D and having differgchronal temporal parts, running at differerglas,
with different 3D shapes. The endurantist explaiBBdSHAPES in terms of analogous facts about the

earth’s 4Dpath while remaining neutral about the earth itselhiM/this explains the original data, it



leaves a second fact conspicuously unexplaineanelyathe fact that the earth has as its path a 4D
region with thus-and-such a shape. Call this exgidamdD PATH One can explain it in terms of
perdurance or ‘microreductively’ (which permitstld@es not require, endurantism). Balashov caneargu
that the perdurance hypothesis offerstibterexplanation of the data and is thereby confirmed.

Note, however, that this last argument would bellavailable even if spacetime were Galilean as
opposed to relativistic. Even in that context, oar (i) point out that the earth has a 4D patiho$tand-
such a shape (different from the shape of any regigelativistic spacetime, of course), one c@n (i
compare the explicitly perdurantist explanationhi$ fact with the microreductive explanation (whis
neutral with regard to endurantism and perdurantiamd one can (iii) argue that the former expliamat
is superior to the latter for the reasons that 8ada cites. So what is crucial to the case for yengtism
here is not the assumption spacetime is relativigit rather the assumption, underpinned by spaeeti
substantivalism and unitism, that ordinary pemgbbjects have 4D spacetime regions as paths, this
being an assumption that can hold true in pre+s$at as well as relativistic contexts. To beesur
relativity gives us reasons to accept spacetimgsamihat are lacking in a pre-relativistic contésée
author, under review), so in that sense relativify have some role to play in the argument. Butesin
only spacetime unitism is directly relevant, antteiwecan have this view in the absence of relativity,
relativity is not essential to the argument. (Ifadlthis is right, then strictly speaking Balashov
argument belongs in Gilmore (forthcoming: sectwhich discusses reasons for taking unitism to
support perdurantism.)

We can turn now to a second concern. Balashov miehés argument as supporting
perdurantism, full stop. But having made the digton between locational and mereological
perdurantism, we should ask whether his argumepiasts both views equally, or whether it supports
one more directly (or forcefully) than another. Treswer, | think, is that if successful, it support
locational perdurantism directly and mereologiaaidurantism only indirectly, if at all. To the emtehat
the perdurantist gets the better of the endurattistis because only the perdurantist can give an
appropriately simple and relevant explanation ofPIBYH, the fact that the Earth has as its path a 4D
region with such-and-such a shape. What gives hisneidvantage is his belief that the Earth itsefD
and of exactly that shape. But this belief steromffocational perdurantism, i.e., from the viewttbach
persisting material object exactly occupies just gegion (its path) and hence has the same size and
shape as its path. The mereological claim thaEtréh has temporal parts plays no role in the
‘perdurantist’ explanation of 4D PATH; indeed, teigplanation would work just as well on the
hypothesis that the Earth is a spatially and teadfyoextended simple. (So too would Putnam’s second

explanation on the assumption that the squaregpagpatially extended simple.)
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Of course, if one denies the possibility of temfigraxtended things that lack temporal parts,
then one may go on to conclude that the Earthdrapdral parts as well as temporal extent. But lyiéiar
is the temporal extent that is doing the work i éingument, not the temporal parts, so some plpiless
will see the argument as posing no threat to megéodl endurantism (the mere denial of temporaispar
And if one rejects the intelligibility of ‘exactlgccupies’ and hence rejects the contrast betweatidmal
endurantism and locational perdurantism, then boeld hold that there is no well-understood
perdurantist thesis for Balashov’s explanatory argut to support and no well-understood endurantist
thesis for that argument to threaten.

In sum, Balashov's argument is best understoodsain argument from relativity theory to

temporal parts; at its core, it is an argument feacetime unitism to temporal extent.

5. The Location Question
A number of philosophers have claimed that locali@mdurantism remains tenable in the context of
relativistic spacetime, Balashov's explanatory anguat notwithstanding (e.g., Sattig 2006). It may
therefore be useful to consider one more challéogiee view (developed in Gilmore 2006). It arises
from what | call the_ocation Question“Which subregions of its spacetime path does teria object
exactly occupy?? Locational perdurantists will endorse:

1. The Path Principle “A material object exactlopies just its path (which

is its ownimpropersubregion).”
Considered on its own, this answer is attractivainig because it is so simple and general, working
equally well in relativistic and pre-relativistietsings. Of course it is anathema to locationaueantists,
who can accept it only if they say that all mateslgiects are instantaneous and hence non-pecgistira
pre-relativistic context, locational endurantistigin be tempted by:

2. The Absolute Slice Principle “. . . just the alloge-simultaneity-slices of its path.”
But given relativity, this answer is unacceptable. tNo two points in a relativistic spacetime are
absolutely simultaneous, and as a result thesespes do not contain hyperplanes of absolute
simultaneity. A strict application of the Absoluéice Principle in a relativistic spacetime woulider
the result that no material object exactly occupi®gregion. This is no good.

In a relativistic context, two types of answers available Overlapanswers hold that the
locationsof a material object — the spacetime regions thetactly occupies — typically overlap each
other, so that, e.g., each point in an object’d palongs to a great many different locations af #ame
object.No-Overlapanswers deny this. Answers 1 and 2 are No-Overapers. Here is the simplest
Overlap answer:

3. The Every Slice Principle “. . . just theheonal slices of its path.”

11



Recall an observation we made in section 5 abeup#ith of the earth, or any ordinary, spatially
extended, persisting material object that inhabitslativistic spacetime: for any point p in itslpahere
will be a great many achronal slices of its patt ttontain p. According to Every Slice, the eatsklf
exactly occupies each of these slices. Since attlese slices ‘criss-crosses’ with many othergrigv

Slice gives us rampant overlap amongst the eddb&tions.

6.1 No-Overlap Answers

Eventually we will return to Overlap answers, whrobably represent the locational endurantist& be
hope. To motivate this thought, let us consideresdio-Overlap answers. In discussing these answers,
will be useful to employ the notion offaliation. A foliation f of a region R is a set of subregasf R

such that: (i) each region in the set is achrgfighjo region in the set is a proper subregiormy other
achronal subregion of R, and (iii) each point ibéfongs to exactly one member of the set. Intuifive
foliation of a region is a particular way of exhtwsly slicing that region up into non-overlapping,
temporally unextended ‘sheets’ or ‘leaves’.

With this in mind, we can return to question, “Whsubregions of its path does a material object

exactly occupy?” One explicitly relativistic No-Onlap answer is:

4. The Rest Frame Principle “. . .just the slicks path that are given by itest
frame foliation i.e., that foliation of the path that does
the best job of getting its members (all slicestigh the
path) to intersect the path at right angles. @alté
slicesortho-slices The goal is for the points in each
ortho-slice to be simultaneofrem the object’s own
perspectiveat the relevant stage in the object’s career.”

The Rest Frame Principle faces two main problennst, Ehe notion of a rest frame foliation of a iy

is not always well defined: some regions do notiadfrunique, non-arbitrary rest frame foliatiétiT o
see this, just pick some point in Minkowski spatetiand consider the interior of that point’s futlight
cone. Call the chosen regi& Each foliation of Rinto hyperplanes of simultaneity will have as much
claim as any other to be the ‘rest frame foliatiohthat region. (Gibson and Pooley (2006: 194¢1249)
describe a different case that raises problemtgh@attempt to specify a rest frame foliation.yésponse,
one might suggest that the only regions that agebéd to be paths of material objects are thosecse
few that do have unique, non-arbitrary rest frapiafions. Even if this maneuver is successfulutiig a
second problem arises.

Consider one of my red blood cells that is in motielative to me: while | stand, it shoots

upward from my foot to my torso. Its spacetime paihfail to be parallel to my path, and its ortho
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slices will fail to be parallel to my ortho-slic§ee fig. 2.) But if its ortho-slices are not pialao mine,
they will not be sub-regions of mine. Accordingtie Rest Frame Principle, then, the cell's locatiare
not subregions of my locations; in other wordss ttell does not lie within me. Since one thinga given
moment of its career, cannot be part of anothex,gaven moment dfs career, unless the location of the
first (at the relevant moment) is a subregion eflttation of the second (at the relevant momdimg),
Rest Frame Principle yields the highly implausitdsult that the given cell is not a part of mdeast
during those portions of its career in which itngnotion relative to me. | take this to be sufici reason

to reject that principle.

Some ortho-slices of
my path (horizontal
lines) and some ortho-
slices of my cell's path
(diagonal lines)

Figure 2

The next answer appeals to the notion phegsically preferredoliation of spacetime as a whole.
A typical relativistic spacetime admits of manyferent foliations into spacelike hypersurfacess It
widely held that in Minkowski spacetime there camio physical basis for taking any one foliatioméo
uniquely privileged. The situation is different whie comes to general relativistic spacetimes, whic
admit of variable curvature and can differ widelyrh one another. Some such spacetimes have a
structure that makes one foliation stand out froenrest. When physicists speak of the age of the
universe, they mean something like ‘the age olihgerse as measured by faadamental observers
the objects whose motion matches the averagedtatetion in their local part of the universe (waer
the localities are sufficiently large)’. Time asaseared by the fundamental observers is known &srfo

time’, and corresponding to it is a foliation ofagetime, which by virtue of its geometry and its
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association with cosmic time would seem to be pialisi special. (For more discussion and references,
see author, under review).

This suggests the following answer to the Loca@umestion:

5. The Top Down Principle “. . .ftle slices of its path that are given by the
physically preferred foliation (e.g., the foliation
associated with cosmic time) of spacetime as aavhol

Unlike the Rest Frame Principle, the Top Down Hplechas no trouble coordinating my locations with
those of my parts. Initially, it looks not to thaths of individual objects, but rather to spacetase
whole, and tells us that a material object O eyamtcupies a region R just in case R is the inttise of
O’s path and one of the universe-wide slices ordean the physically preferred foliation of spacet
This guarantees that the locations of my blood(celtresponding to those portions of its careeimdur
which the cell is, intuitively, in my body) will beubregions of my locations.

This proposal, however, generates several woffiest, Michael Lockwood (2003: 152) has
suggested that there is some empirical reasomiftkibg that our own spacetime does not admit gf an
foliations at all, much less a physically preferfeliation. Secongdsetting aside the structure of spacetime
in the actual world, some are troubled by the nfgécethat GTR allows spacetimes that admit of no
physically preferred foliations, and in some casesoliations at all. (See, e.g., Lockwood 20085-
154 for discussion of these spacetimes.) On thengsson that the given spacetimes are nomically
possible (i.e., that they exist in possible woddserned by the same laws of nature as our ownjteatd
many of them contain persisting material obje¢taauld follow that the ‘Top Down’ version of
locational endurantism is not nomically necesskirgne combines this with the traditional view tlaaty
such theory of persistence must be true in all nahyi possible worlds if actually true, one gets thsult
that relevant version of endurantism is false. §Tgdrallels a controversial argument due to Gdd#19)
against the claim that existence of a physicalefgared foliation makes our universe hospitablato
theoretic time.)

Third, Top Down risks generating counterintuitive consagces about shapes. According to Top
Down, the facts about which slices of its pathwegimaterial object exactly occupies depend upon
global facts about the distribution of matter andrgy across spacetime as a whole. This seemsto op
the door to an unattractive possibility. Considg@aa of persisting, spatially three-dimensionakenial
objects, O1 and O2, that perdurantists would reganatrinsic duplicates: their spacetime pathguse
alike in their intrinsic geometry, and the contewitshese regions are intrinsically just alike asinat
least from a four-dimensional perspective. Insafaiop Down makes the facts about an object’s
locations (within its path) depend upon global et it gives us no obvious guarantee that O1 @d O

will be located within their paths in the same wRgrhaps O1’s path intersects the leaves of the
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privileged foliation at one angle, whereas O2'dpatersects those leaves at a quite differentearfghis
might occur if O1’s velocity matched the averagmeity of matter in its part of the universe, whase
02's velocity were very different the average vélpof matter in its part of the universe.) In tlaise
O1’s locations will result from dividing up its rain one way, and O2’s locations result from dinglup
its path in a quite different way, so that O1 asddcations are shaped differently from O2 and its
locations’ (I assume that the shapes of an object are theestui the regions that it exactly occupies.)
This would give us the result that whether or mobhject has a given shape is not entirely fixedblogl
matters; it also depends, in a non-causal way, penmass and energy are distributed across spaeti
as a whole.

Now, merely as a result of accepting the B-thedrynoe, endurantists face pressure to treat the
fundamental shapes as dyadic relations (e.qg., weuntd a} that can hold between things and times or
spacetime regions rather than as monadic propébtsg roundithat can be possessed by things
individually. But even those who have come to erobithis relativizing view of shapes will presumably
balk at the suggestion that whether a given themyHthe being round eglation to a certain region
depends (non-causally) upon the distribution ofgvaasd energy in distant parts of the universe.

In light of these difficulties, let us consider:

6. The Bottom Up Principle “. .. just tiparticle synchronglices of its path, i.e.,
just those slices that are given by the following
procedure: find the initial slice of the object'atp,
identify the simple particles that compose the cibje
that region, and attach to each of these a stopkvithtt
records the subsequent elapse of that particlejsgor
time. A particle synchrony slice is, roughly puswam of
locations of these patrticles at stages in thegaarwhen
their stopwatches are all synchronized, indicatimey
same number.”

Thus, if O’s constituent simples are p1, p2, andlipdn one of O’s synchrony slices might be the stim
the following regions: the location of pl at whithstopwatch reads ‘3 minutes’, the location ofgp2
whichits stopwatch reads ‘3 minutes’, and the location®&pwhichits stopwatch reads ‘3 minutes’.

On its face, this principle seems to avoid the [@ois that afflicted its predecessors, but it
confronts new ones. As stated, the principle (ik@sano provision for the gain or loss of part3, (i
assumes that the path of each object Hastaslice, and (iii) assumes that each object is caagof
simples. Perhaps some of these defects could hiéemvby modifying the principle slightly. Even ibsa

deeper problem would remain. Let O be an objedttlitaughout its career is composed of two simples,
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one of which never accelerates (or, in GTR, liea geodesic), while the other accelerates in differ
directions so that, relative to the first, it oktiés. According to both STR and GTR, eventualey th
stopwatches on these simples will fall so far dugtep that the associated ‘synchrony slices’ faillto

be achronal and hence will fail to be the sorteegions that #éocationally enduringobject could exactly
occupy® (See fig. 3.) So, unless the locational endurtistiwilling to rule out material objects like Ce h

should reject Bottom Up.

If this process continues
indefinitely, there will be a
number n such that the ‘n-
T minute location’ of the oscillating
g object is inside the future light
cone of the ‘n-minute location’ of
the object at rest. The region R
T composed of these locations is a
o synchrony slice of the composite
object’s path, but R is not
achronal and so cannot be
> exactly occupied by a
locationally enduring object.

Figure 3

4-6 are the simplest and most natural No Overlawars to the Location Question, and they've
all been found wanting. One might take this as waditbn for giving an Overlap answer, or even for
dropping locational endurantism altogether. Butatie another option. In response to a versiohef t
Location Question pressed by J.J.C. Smart (1972lichael Rea writes that

These are indeed difficult questions. But it is aball clear that they are questions the endisangeds to
answer. The endurantist is committed to there bgimge set of axes with respect to which the object
counts as being ‘all at once’, for otherwise theoaild not be definite regions at which the objemirtts as
being wholly present. But why think she should bkedo specify the relevant axes (or regions)? doee,
it seems that a similar problem will plague thedpeantist. A perdurantist who believes in persgstin
persons will, | take it, think that there is sonmnight” way to carve up a person into thought-begperson-
stages. And yet it seems she will have exactlystme difficulty the endurantist has specifyingrtelevant
axes and regions. (1998: 232-233)

Rea’s position here appears to consist in threa elaims. (i) For each material object O, there tnes
some inertial reference frame (or at least somatfoh of O’s path) F such that O exactly occugits

and only the ‘F-slices’ of O’s path; thus an objgtidcations must never overlap. (ii) The endustiti
inability to formulate some informative, generaingiple that tells usvhichframe or foliation is

privileged for any given object is not a problem émdurantism: we shouldn’t expect the enduratdist

be able to formulate such a principle. (iii) Evéthis werea problem for the endurantist, the perdurantist

would not benefit from it, because she is confrdntith a parallel and equally difficult question
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concerning the ‘right’ way to divide a person imkn-overlapping, instantaneous temporal partsimeet
briefly address these claims, in order.

It is not clear to me why Rea endorses (i), ileied he does. Our discussion of Overlap answers
(in section 6.2 below) may provide some motivafianit, but in the end, | think that a committed
locational endurantist should give up (i). As fidy, this mightbe a sensible attitude to take if we had
reason to believe that there were many perfectyjaate No-Overlap answers to the Location Question
and the problem were merely that we had no basiddaiding amongst them (though arbitrariness
concerns would still apply). But having seen thebypems for Rest Frame, Top Down, and Bottom Up,
this is not our current situation. We now know ttieprima faciemost natural No-Overlap answers have
serious flaws. Of course | have not shown thatithirue ofall No-Overlap answers, but it should be
easy to see that some of these same flaws (orehtienore obvious ones) are present in certaieroth
answers that | have not discussed. Thus, not anlyelhave reason to doubt that there is a uniqsiye
formulated bestNo-Overlap answer, but — more significantly — usodave reason to doubt ttzaty No-
Overlap answer is tenable.

With regard to (iii), two points are relevant. Ejigis not at all clear that Rea’s question about
temporal parts really is parallel to (or as difftde answer as) the Location Question. For exanthke
problem about moving parts that | raised for thetFeame Principle does not carry over to the
corresponding answer to Rea’s question about teahparts® Likewise for a problem that | will raise
for most Overlap Answers to the Location QuestamI(will explain). Second, even if Rea’s temporal
parts questiomvereas difficult as the Location Question, this wonlat entirely neutralize the problem
facing locational endurantists. For, in light o taxonomy presented in section 4, one may betable
reject locational endurantism while at the same tigjecting temporal parts: this is the positiotd Hy

Parsons (2000). In that case neither question woosé a problem.

6.2 Overlap Answers
The most straightforward Overlap answer is the ¥E@&hce Principle that | mentioned earlier: a miater
object exactly occupies each achronal slice giats. One problem for this principle (and for scohéhe
others that I've mentioned) arises from the pobsitnf backward time travel. Consider a ‘cylindait
spacetime (not necessarily relativistic) in whikh temporal dimension is closed, forming a loopwNo
suppose that the earth inhabits this spacetiméastglso long that its path winds all the way atbtire
cylinder, with the result that younger and oldersi@ns of the earth co-exist with each other fpedod
of time, though always with some distance betwaemt

What are the earth’s locations in this situation®ey the most natural thing for the locational

endurantist to say here is that the earth is dpatidocated throughout the relevant period: faya
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maximal achronal slice of spacetime as a wholeithatsects the period of co-existence, therevaoe t
different subregions of this slice, R and R*, eatkvhich is exactly occupied by the earth, and ezfch
which is planet-sized and shaped like a ball (pest@asquashed one). But a strict application ofjEve
Slice to this case forbids us from saying thateA#ll, to count as an achronal slice of a giveth @
region must not be a subregion of any other achiari@egion of that same path. So the ball-shaped
regions, each of which is a subregion of a largér@nal subregion of the earth’s path (a sum of two
spatially distant ball-shaped regions), do not t@smachronal slices of that path. According torfzve
Slice, then, the earth does not have ball-shapsditms during the period of co-existence; insteath
of its locations (and hence the planet itselfhiaped like a scattered sum of two balls. Thisti®abling
result. (See Gilmore 2006: 230, note 29, wheredhse is raised as a problem for Absolute Slicg, an
Gibson and Pooley 2006: 185, who note that it ¢tutes a problem for Every Slice too.)

One response to the problem would be to deny thsilpibty of backward time travel, or at least
those cases in which a thing coexists with its gaurself. A second response would be to try to fyodi
Every Slice just enough to avoid the troubling fedthe goal here would be (i) to formulate a piohe
that rules out, as locations of the object, thateanal slices of its path that are exactly ocodipimt by
the object itself, but by a sum of younger and oldgsions of the object, if by anything at alld&fi) to
do all of this in a non-circular way. | will lea¥eto the reader to attempt to formulate such agipie;
suffice it to say that the task is difficult.

A third response has been defended by lan GibsdrOéiver Pooley (2006). Like Rea, they
argue that that the locational endurantist is umdeburden to offer a fully general, non-circulas@aer to

the Location Question:

The . .. locations of . . . an object are not deieed by the fact that some spacetime region aastts
[path] and that certain subregions of this regiatisy certain geometrical constraints. It is, oficse, the
other way around. Facts about where the objecttéd determine which region is its [path]. Thighm
be as true for point particles as for compositecisj some facts about where a particle is locadegther
with causal laws, will determine that the partig@lso located in certain other point-sized regidfor
composite objects, bedrock is the pattern of (mpldjilocation of the fundamental entities thatyaious
spacetime regions, compose them. . . In generatheh a given three-dimensional region contains an
object of a given type will not just be a mattettlué intrinsic character of the contents of thaioe. It will
also depend on regions to its past and future lgaie right kind of content. . . and. . . on regidnat are
spacelike related to it having the right kind ohtamt (statue shaped regions within blocks of neajthd
not contain] statues). This gives us variously fedahree-dimensional objects. But some of thebgtis’
are the very same object. Such identity facts lvéldetermined by a mixture of spatiotemporal angah
considerations; but, just as with composition,ghecise details may be expected to vary from kinkirid
and from object to object. . . We only arrive a pgath of an object of a certain type by first defaing
which three-dimensional regions contain objectthaf type and then by determining which regions
contain the same object. We then take the uniansat of such regions. But if the path is arrivienh éhis
way, which locations within it are occupied byatsject cannot be an interesting question that nesnai
outstanding. We already know the answer. (2006) 187
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But whereas Rea appears to endorse a No-Overlapeawgnt, Gibson and Pooley do not. The view that
they recommend to the endurantist in a relativistiatext seems to be this. (1) The phenomenon of
overlap is commonplace; each location of a givgeaihypically ‘criss-crosses’ with many other
locations of that same object (2006: 181). (2) fdseson for this is not that it falls out of Everjc& or
some kindred general principle that determinesafgr material object, which subregions of its path
exactly occupies. Rather, the reason stems frota &out the existence conditions and persistence
conditions associated with most ordinary objectlkjras these conditions apply to the contents of
relativistic spacetime. When we consider an obp¢sbme ordinary kind K that exactly occupies aorg
R, we can typically find many regions criss-crogawvith R that satisfy both thexistence conditions
associated with kind K (with the result that eatthem, too, is exactly occupied bpmeobject of kind
K) and thepersistence conditiorsssociated with K vis-a-vis region R (with theuleshat each of them is
exactly occupied by numerically tsameobject of kind K as is R).

Gibson and Pooley are right to emphasize thatattis about which region is an object’s path
depend upon the facts about which regions the tbjexctly occupies, and not vice versa. Of course i
does not follow from this that there is no trudpimative, and relatively simple general princigéng
the lines of 3-6, that captures some systematatiogiship between the facts of these two type#8, Sti
perhaps we shouldnéxpectthere to be such a principle, especially in lighGibson and Pooley’s
plausible suggestions concerning the complex, bgsmase, kind-sensitive ways in which the factsuabo
exact occupation are determined.

However, even if we follow Gibson and Pooley ijeating the demand for such a principle as an
answer to the Location Question, we should not idiately conclude that all of the associated proklem
are solved. For the moral of section 6.1 still damiven relativity, the No-Overlap requirementiat
be plausibly enforced on locational endurantisnusTifithere is something objectionable about rarhpan
overlap of the sort apparently condoned by GibswhRooley, then locational endurantism will sté! i
trouble, even after we have withdrawn our demamné fsimple, informative, general answer to the
Location Question. Is there anything objectionalileut such overlap?

I think so. The main objection arises from a capsiciple that | take to govern exact
occupation: in order for a material object to ekaotcupy distinct spacetime regions R and R*, @se&
relation of the appropriate sort (often called ‘iament causation’) must hold between the contenfs of
and the contents of R* (Gilmore 2006). Call thigpiple MURIC (for “MUIti-Location Requires
Immanent Causation”). To get a rough sense of wiafor a causal relation to be ‘of the approfgia
sort,” consider a clear example. Let R1 and R2 pairaof parallel slices through my path separéigd
duration of, say, ¥2-second (as measured by me).iha certain overall intrinsic condition in Rlh&ve

a certain mass, shape, temperature, etc. Caltohigdition C1. Likewise, | am in a certain, slightly
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different, overall intrinsic condition, C2, in theter region, R2. My being in C1 in R1 is a caukmy
being in C2 in R2 in the sense relevant to MURImikarly, my being the way | was at a certain imgta
in 1975 is a cause, in the sense relevant to MUBI@&)y being the way | am now. MURIC says that the
holding of this sort of causation igv@éetaphysicially necessacgndition on multi-location for material
objects; it is silent on whether the conditionlsoasufficient. (For discussion of similar prinapl see
Swoyer 1984 and Zimmerman 1997.)

One important source of motivation for MURIC confiesn ‘immaculate replacement’ thought
experiments. (The term is from Swoyer 1984.) Caersad10-year-long spacetime region, R, that by all
outward appearances is the path of an ordinaryrirabtdject — say, a car. But suppose that thege is
causal gap between the first and second halves B&Raps Zeus fires his car-annihilating gun at th
original car just as Hera, entirely by coinciderfaes her car-creating gun toward the same spetaH
causes it to happen that post-gap slices of R tostenething with certain intrinsic properties, wlini-
purely by accident — are exactly those that thgirai car would have had at the relevant locatibas,
Zeus not fired his gun. Many philosophers haverthgtion that in such a situation, there is no en
object (andh fortiori no car) that exactly occupies both pre-gap ant-gas slices through K.But if
not, why not? In light of the fact that this casifeds from a case of ordinary persistence mainlgausal

respects, the overwhelmingly natural explanatiothisf lack of multi-location appeals to MURIC.

R1 and R2 are criss-
crossing slices through an
object’s path. No event
that exactly occupies R1
is an immanent cause of
\ any event that exactly
R2 R1 occupies R2, or vice
versa, though an event
= RO that exactly occupies RO
may be an immanent
cause of an event exactly
occupying R1 and of an
event exactly occupying
R2.

Figure 4

The objection to rampant overlap, then, is thatcthrtents of typical criss-crossing regions do
not stand in the sorts of causal relations thahaoessary for those regions to be exactly occupyezhe
and the same material object. Where R1 and RZreearossing regions, we will find that a full haf
R1 (the ‘northwest arm of the X’) fails to lie ihg causal past of any point in R2, in which caghing
that goes on in that part of R1 is a cause of amgttihat goes on in RR4utatis mutandigor half of R2
(the northeast arm of the X) and any point in FBkgfig. 4.) It seems to me that this disqualitines
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contents of R1 and R2 from standing in the appaderiausal relatioff.(Suppose — counterpossibly,
perhaps — that some material object O exactly deswgach of R1 and R2. Can we say that O is the way
it is in R1 because O is the way it is in R2? @t 10 is the way it is in R2 because it is the way in

R1? | think not.) Accordingly, MURIC rules out raamf® overlap. The problem can be avoided either by
rejecting mutlilocation altogether (as, e.qg., lomaal perdurantists d9 or by retaining locational
endurantism but rejecting rampant overlap.

To be sure, in the case above, there is presursabig earlier region, RO, that does not intersect
either R1 or R2 and whose conteats an appropriate cause both of the contents of Rloathe
contents of R2. (See fig. 4.) So while R1 and R® nmat stand in the appropriate causal relatiogeaich
other, each of them stands in such a relation to sthing region. Perhaps this is enough, so far as purely
causal constraints are concerned, for R1 and R2 xactly occupied by the same material object.

It is not. To see why, ask: What happens to a nahiaject that undergoes fission, amoeba-
style? One suggestion is that the original objecbimes spatially bilocated, exactly occupying ezch
two simultaneous (or spacelike separated) spaceé&giens. | take it that most locational endurastis
want to deny the possibility of this outcofléut on what grounds? In my view, the best argument
against this possibility appeals to some causatjpie like MURIC: the reason why fission neveruies
in a spatially bilocated object is that bilocati@guires a kind of causation that (absent closedlike
curves or other causal anomalies) does not obtimden the contents of spacelike separated retfions.
Note, however, that if our causal principle werealened in the manner suggested in the previous
paragraph, it would be powerless to rule out fissialuced spatial bilocation. In a fission case dioy
pair of spacelike separated regions allegedly &xactupied by the bilocated fission product, there
always will be some third region (lying before fission) that stands in the appropriate causaticgldo
each of them. We want to have a causal principangtenough to forbid material objects from ‘jumpin
the causal gap’ in immaculate replacement caseframibecoming spatially bilocated in fission cades
seems to me that MURIC is the simplest and mostrabprinciple that can do the job.

Granted, there are other principles that wouldhito $ame job while, unlike MURIC, still
permitting a material object to exactly occupy stisossing regions in relativistic spacetimes. For
example, rather than requiring that for each plamoobject’s locations, the contents of thosetioos
stand in the appropriate causal relation to ealcrpbne might instead require merely that eachgain
object’s locations be achronal slices of a patlhghat, forsomefoliation f of that path into achronal
slices, each pair of members of f are suchttieit contents stand in the appropriate causal relaGaii.
this MURIC*.* In light of the availability of principles like MRIC*, the point here is not that tloaly
way of ruling out gap-jumping in immaculate replamnt cases and spatial bilocation in fission cases

to appeal to some principle that also rules oufpamoverlap; the point, rather, is that implest most
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natural way of ruling out the former also rules out thiéeda This is obviously not a knock-down
argument against rampant overlap, but it doesnkttshow that there is something suspiciowslyhoc
about allowing such overlap while at the same tioli@g out gap-jumping and spatial bilocation on
causal grounds. It is a position that one mighdtdeento if one becomes aware of the problems with the
No-Overlap requirement and remains unwilling toegiyp locational endurantism, but it does not eyactl

glow with independent plausibility.

6. Conclusion
This paper has been silent on an important questibather relativity theory or something relevantly
similar to it is actually true. There is, after, @lfamougrima facieconflict between quantum mechanics
and GTR (Weinstein 2008, Greene 1999: 127-131) naanty believe that it is GTR that will have to give
way. We should keep in the mind the possibilityt tha outcome of this conflict (in the form, perkapf
a theory of quantum gravity) may differ from GTRsich a way as to undermine some or all of the
relativity-based arguments against endurantisnudsed here. Likewise, the paper has had nothiagyto
about the impact of extant quantum theories therasain issues about the metaphysics of persistence.
For all | have said here, e.g., quantum field théoits current form may decisively settle thesguies in
favor of one of the views already on the tableatiernatively, it may show that the current ranfje o
options is incomplete or somehow ill-formulated.

Still, I have reached some conclusions, albeitat@rgly. Endurantists have traditionally
embraced two main claims, sometimes without disfisting them: first, that material objects persist
without having temporal partgnereological endurantism) and, second, that naigjects persist
without being temporally extend@dcational endurantism). The transition from pe&ativistic
spacetimes to the spacetimes of STR and GTR atfeetsvo endurantist views differently. Mereolodica
endurantism, which merely denies that materialabjeave temporal parts, is not directly affected b
this transition, whereas locational endurantismpeding to which material objects exactly occupiyon
achronal regions, is harmed by it — though maylidatally.

Of theendurantistviews discussed here, therefore, the one thatlestsn a relativistic
spacetime is the view that says that material edj@odo persist without having temporal parts but (ii)
arenotin any robust sense multi-located within theimhgatither because each of them exactly occupies
only its path as a whole or because ‘exactly oasips unintelligible. Whether such a view is worth
having, and whether it survives other objectiorasd thight be raised against it, are questions fotteer

time 3*
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! For introductory overviews of the debate and fertreferences, see Balashov (forthcoming b), Hgsla(2003),
Hawley (2004), McGrath (2007), or Sider (2008).

2 Informally, a temporal part of me would be someghihat (i) has exactly the same size, shape apatiation,
and constituent matter as | do at any instant attwih exists, but that (ii) exists at only somepfaper subset) of the
instants at which | exist. Aimstantaneousemporal part of me is a temporal part of me #xdts at just a single
instant. Temporally extended temporal parts lasgés and can overlap one another, one beginnirayééfe other
ends. Instantaneous temporal parts tend to bethus of discussion, though see Butterfield (2006)xh exception.
(In a relativistic setting, as we shall see, evestantaneous temporal parts of thing can inteesach other.)

® There is also a third view, ‘exdurantism’ or ‘statpeory’, according to which ordinary objects mstantaneous
entities that persist by bearing a temporal copaterelation to numerically distinct stages lodaé¢ other times
(Hawley 2001, Sider 2001). For brevity | ignoresthiew in what follows. One relativity-based objentto
exdurantism is explored in Balashov (2002).

* Very roughly, substantivalism about spacetiméésviiew that points and/or regions of spacetimaeakentities
that exist in their own right and are not someheducible to material objects or events. The opgpgiaw is
relationism, according to which all talk of spao®tiregions is to be reduced to talk of materiaéotsj and events
standing in spatiotemporal relations.

® One might take the so-called ‘hole argument’ (Nor2008) to show that General Relativity (GTR) undiees
certain forms of spacetime substantivalism, bustasttivalist replies are available. Indeed, manyldi@argue that,
far from undermining substantivalism, GTR provigspecially strong support for that view. For aresstble
introduction to these issues and further refergrsses Dainton (2001).

® Prima facie B-theoretic endurantists are committed to timespacetime regions in two ways: first via their
appeal to times as entities to which changing dbjeear shape relations (the candle bears thglstrai relation to
one time and the bent-at relation to another),smwbnd via the common formulation of endurantisithaghesis
that a persisting object exactly occupies multiglgions or is wholly present at multiple times.|&aing Parsons
(2000), one might try to avoid the first commitmégtdenying that shapes are fundamentally relatiorisnes and
holding instead that B-theoretic endurantists caroant for change in shape by appeal to non-relatjarreducibly
‘distributional’ shape properties such_as beingtfivent-then-several-hours-later-straighgain following Parsons
(2000, 2007), one might try to avoid the secondmitment by playing down any talk of robust multcadion in
favor of the view that enduring things merely laekporal parts. Thus, just as a spatially extersilegle would
lack spatial parts but need not be, any robustesenslti-located in space, a persisting simple.{eug electron)
would lack temporal parts but need not be in afyusb sense multi-located in time: rather, it migigrely be
temporally extended. See Hawthorne and Sider (2fa0&) detailed case against endurantist relationis

| have in mind the time travel via closed timeliw@ves in General Relativistic spacetimes firghlighted by
Godel (1949). For discussion see, e.g., Yourgr@99land Arntzenius and Maudlin (2005).

8 Sider (2001, 2004) argues that the possibilitgestain (especially exotic, non-Gédelian) formsiofe travel
undermine endurantism. Markosian (2004), Simon %20énd Miller (2006) reply. Effingham and Robs@0(7)
argue that endurantism is undermined (for reastamsraing from part-whole theory) even by less exotises,
which require nothing more than Gddelian time tra@&more (2007) argues that mere Godelian tiraget gives
rise to special problems fperdurantism Eagle (forthcoming) replies. Keller and Nelsof@R) argue that time
travel is compatible not merely with endurantisnb &lso with presentism; Sider (2005) replies.
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° Let me mention several relativity-based argumagainst endurantism that | do not discuss in thie teat. (1)
Nerlich (1979) claims that GTR rules out endurantiMellor (1980) replies. (2) Balashov (2000) argjtigat the
only adequate, relativistically acceptable accairthe notion ottoexistencéor temporal co-location) is one that
presupposes perdurantism. Gilmore (2002) is a replg Balashov's (2005) is a rejoinder. Gibson Radley
(2006) nicely summarize the exchange and replyadlaghov's rejoinder. (3) Hales and Johnson (2088)ethat
STR is incompatible with the claim that objects at®lly present at each moment of their careeriemMi2004)
replies, as do Gibson and Pooley (2006); Harring®®95) offers a critique Miller's paper. (4) Hal@sd Johnson
(2007) argue that no plausible endurantist accofiqualitative change is available given STR. Me(l081: 128-
132), Simons (1987: 126-127) Oderberg (1993: 10%;2ind Rea (1998) all defend endurantism agaitetivity-
based arguments of their own making.

% This is the difference between Galilean spacetindNewtonianspacetime, another much-discussed pre-
relativistic spacetime. Spatial distance betweansimultaneous points, and hence absolute veldsityell

defined in Newtonian spacetime. See Dainton (2@81:188) for discussion and references.

! siill otherendurance-like views that are apparently consistéth the existence of temporal parts are formadat
and explored by Hawthorne (2006: 85-109). It isre@resting question whether and how relativityottyebears on
these views. Unfortunately | cannot pursue thisstjaa here.

12 More formally: P’s path is a maximal achronal ®gion of O’s path, i.e., (a) P’s path is achrofta),P’s path is a
subregion of O’s path, and (c) P’s path is notapr subregion of any achronal subregion of O’s.pat

13 The intuitive idea here is thatt the relevant regiofthough perhaps not at all regions at which theylacated),
they are both entirely made up of exactly the sataf. How to express this in formal terms raisggliesting
guestions about how to adapt temporally relativilethal theories of parthood to the context of tielstic
spacetime while preserving their neutrality visisithe endurantism v. perdurantism debate. We ¢arope to
settle theses issues here, but one starting iatdppeal to a three-place predicate, ‘x is plytat R’, where this
is thought of as entailing ‘x and y are each weddtated at R’. Using this predicate, we can say xhand y
overlapat R iff some z is part of x and R and part of Raand we can say that xdaamposeaf the ps at R iff each
of the ps is a part of x at R and anything that [gart of x at R overlaps-at-R at least one ofpthe=inally, we can
say that x and y ameo-composedt R iff there are some ps that compose x at Rcantbose y at R. For a rigorous
discussion of the options concerning ‘X is pary @t R’, see Donnelly (unpublished).

4| have not defined ‘R is a continuous temporalrthaf R*' or ‘x is a temporally extended temporarpof y at
region R’; | take it that their intended senselé&ac enough as is. According to Butterfield (20Q6g mereological
perdurantist can solve the ‘rotating disks’ probleyrholding that objects are ‘gunky along the temapo
dimension’, so that each of them has a differemipi@ral part for each different extended intervatsncareer but no
instantaneous temporal parts. He also arguesubhtasposition is recommended by physics. For dision of
Butterfield, see Hawthorne (2006: 111-143).

15 50 stated, both are true in any world that is dkwbpersisting material objects; similarly fiocational
endurantism and perdurantism as stated below.

' Those who — at least apparently — take thems#ivgsasp such a predicate include van Inwagen (199®Rea
(1998), Hudson (2001, 2006, 2008), Gibson and Bd@e06: 164), Sattig (2006: 48), McDaniel (20B§lashov
(2008) and Donnelly (forthcoming). For a more thayb characterization and tentative defense of thdigate, see
Gilmore (2006: 200-202).

" This definition has unwelcome consequences, how@uest, it entails that an instantaneous, spatj@dint-sized
object in a spacetime without instantaneous, psigd regions would not only fail to exactly occugny region
(which is intuitively correct) but would also fad be weakly located at any region (which is intaity incorrect).
Such a spacetime might be ‘gunky’, so that eadlsaggions had proper subregions, but all of theg®ons had
some finite spatial and/or temporal extent (Arntaeriorthcoming), or it might be made up of exteshdg@mple
‘grains’ (Braddon-Mitchell and Miller 2006). Secgralippose that each spacetime region is composgthple
unextended points, but that each region is a preyleregion of some other region, so that there imaximal
region. Suppose that despite this, each two paimtdess than 10 feet apart in space and lesslthaaconds apart
in time, so that if all the pointid have a fusion (a maximal region)wibuld be finite in size. Finally, suppose that
there is what we would ordinarily think of as amwipresent’ material object in this world, an olbjetiose shape,
size, and location exactly matches the shape, aimklocation that the maximal regiaould have, if there were
such a region. The object in question does nottBxaccupy any region in the given world (none ig enough),
but intuitively it seems to be weakly located a¢mvregion. As Parsons (2007) points out, howether definition

of ‘weakly located’ in terms of ‘exactly occupiemntails that the object is not weakly located angreh

18 See especially Parsons (2007 and 2008), who attaekpredicate, and Hudson (2008), who defends it.
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9 We might, e.g., say that a thing locationalisduregust in case it persists and exactly occupies rtizaa one
region but each of these is a temporally exteridegporal chunlof its path.

20|f all objects are gunky and hence there are mplsis, one might still pursue this strategy by afipg to the
facts about ‘relatively small’ objects that compdtise Earth.

2L A third response would be to argue that whilegledurantist explanation of the data is the beatiale, and
that while this does confer support upon perdusamtthe perdurantist explanation is only slightyter than the
microreductive explanation, and so the degree ppstt conferred upon perdurantism by the argungent i
correspondingly very small and easily overridderother considerations.

22 A version of this question was first put forwasigosing a problem for endurantism by J. J. C. §(a72: 7).
Smart considers what | below call tRest Framenswer, and he suggests that it encounters difistassociated
with objects whose parts are in motion relativerte another, but he does not say exactly whatitfieudty is, nor
does he consider any other answers to the que&ibnore (2006) elaborates on Smart'’s initial worry

% gee Balashov (MS: 236-239) for a tentative propasao how rest frame foliations might be spedifie

% Since there are different ways of singling outef@rred foliation, there are different versionsTep Down. | do
not know whether all versions of the principle allfor the possibility in question. But this postitlyiis surely in
the spirit of the view.

% This fact is the basis of the ‘Twins Paradox’:rie/iare separated at birth, one stays at rest iglether
accelerates away for several decades and acceslb@tk for several more, and at their reunion fhlythat more
proper time has elapsed for the stationary twim floa her accelerating sister.

%8 presumably most friends of temporal parts willchiblat a thing has a different temporal part farhedifferent
achronal slice of its path, in which case Rea’sstjoa asks which of these temporal partspaiglegedfor the
object in such a way as to (e.g.) instant&tepliciterthe mental properties that the object instantiatestime
Now suppose that the privileged temporal partsnablgiect are its ‘rest frame’ temporal parts  tleose that are
perpendicular to the object’s path; and returrhéodase involving and my red blood cell and me.rEasons
analogous to those | gave in my discussion of Remne, the cell’s privileged temporal parts worgtgarts of my
privileged temporal parts. But — and this is whitseanalogy breaks down — it will hamenprivilegedtemporal
parts that are parts of my privileged temporalgahd its privileged temporal parts will be paftsome of my
nonprivileged temporal parts. This is a far morkagadble outcome than in the case of locational eaxttism. All
this assumes that there are nonprivileged temjparras$ in addition to privileged ones, but virtuadly perdurantists
accept principles governing composition and decasitipn that would yield such parts.

2" This is not to say that R is not the path of senagerial object. Most perdurantists accept a pleleiprinciple
according to which any matter-filled spacetime o@gino matter how scattered or causally unreldatecointents
might be, is the path of some material object fifyan ‘arbitrary sum’). (For a minority view se@alBshov
2003a,b). This principle would of course tell uattRis the path of some material object. Perdurantigieéjly go
on to accept a causal constraint on persistencardiimary objects to the effect that a thing doessfall under any
ordinary object kind (such @sir or human beinjjunless it is composed of some set of pairwissalhurelated
instantanteous temporal parts. According to thisst@int, while R may be the path of some matefigct (e.g., an
arbitrary sum of two consecutive cars), it is e path of a car. Locational perdurantists andtiocal endurantists
will both agree, however, that no material obgxactly occupieboth pre- and post- gap slices of R. Locational
perdurantists deny multi-location altogether.

%8 Of course, as Gibson and Pooley note (2006: 1®ipart of R1 will be causallgut offfrom each part of R2:
each point in R1 will either be such that its cotéecan be a cause of something going on somewh&#2 or can
be caused by something going on somewhere in RlaBiy, no part of R2 is causally cut off in tregnse from
R1. But when endurantists have spoken of immareumsation, clearly what they have had in mind islation in
which the state of a things a wholeat one time is a cause of the state of that taghg wholeat another time, and
Gibson and Pooley admit thiis relation does not hold between the contents ekarrossing regions such as R1
and R2. They nevertheless conclude that the caelsgion between the contents of these regionsffEently
intimate as to satisfy any causal constraints otiftacation.

MURIC does not rule out overlap altogether. (1)Haes if a pair of regions criss-crossed not neair thiddles
but only near their edges, then their contentsctetdnd in the appropriate causal relation. Bigtliard to see how
this sort of overlap could occur systematicallyheiit the sort discussed in the main text also otwur(2) In a
case of time travel (even in a Galilean spacetim@hich a thing returns to its past and comeshtoe a part with
its younger self (say, | become fused with my yamrgelf at the foot, so that we share a big to#)ira’s locations
can overlap without even the slightest appearahtension with MURIC. | have no objection to suchase, but
clearly it does nothing to help the locational emaahist here.
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% This move would of course be of no help if onentheent on to accept the following analogue of MURIIC
order for a material object to meeakly locatedn distinct regions R and R*, the contents of #hosgions must
stand in an appropriate causal relation. This nemciple would prevent (e.g.) a locationally peridigrobject from
being weakly located at criss-crossing slicesopdth. But no one finds the new principle plagsifin the
assumption that the contents of spacelike separatgons are causally unrelated, the new pringiplies out any
object that is not always spatially point-like.

31 See Dainton (2008: ch. 12) for an interesting ptioe. As Dainton notes, if one holds that fissé@m result in
bilocation, then one faces pressure to accept twbainton does) an even more implausible claint filsion
deserves a parallel treatment, according to whiatand b fuse, then a=hb, and the relevant obggb) (vas spatially
bilocatedprior to the fusion. Together with natural assumptidmsus a and b’s origin(s), Dainton observes, this
would seem to violate Locke’s principle that a thoannot have more than one beginning of its exégtelt also
raises the question of why a thing couldn’t liveotentirely unconnected, parallel lives.

%2 One alternative argument appeals to the thougtthtere is something especially problematic aspatial
bilocation in itself. Another argument appealshought that if an object were spatially bilocatiédyould be able
to have contrary properties (e.g., bentness aagjhtness) at the same time, but that this isdéhriat possible.
Neither argument will have force on an endurantist (as | think he should) accepts the possibiftgases of
backward time travel in which a thing is spatidilipcated. Such endurantists will presumably wardltow the
thing to have contrary shapes in different, spaeedeparated regions, perhaps by treating the medtl shapes as
relations that things bear to regions that theyc#yxaccupy (or to the moments of their persongbiaper time at
which they exactly occupy these regions). The ma#siral explanation of why time-travel-related sgdiilocation
is possible whereas fission-related spatial biiocais not is one that appeals to MURIC. (In timeditravel case, the
contents of the spacelike separated regions dd gtethe relevant causal relation.)

33 In the case of an immaculate replacement, thgedigath is not foliable into pair-wise causalliated slices:
none of the post-gap slices is caused by any gbtiaap slices. In a fission case, the “Y”-shapeth is so
foliable, but the alleged post-fission locations aot members of that foliation, for those locagi@ne noslicesof
the full path; rather, each of them is a mere giiica ‘branch’ of the path. A post-fissiatice of the path is a
scattered region, made of a slice of the left bnaamud a slice of the right branch.

34| would like to thank Yuri Balashov, Adam Senr@gbriel Uzquiano, and a referee for this journaltfelpful
comments.
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