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Accurate scale modelling of geological structures demands rheological similarity between 
the analogue material employed and rocks under natural deformation conditions. Mode! 
materials must, therefore, be carefully calibrated within the required experimental range. 
For a confining stress o3 of 0.3 bar and strain rates in the range 5x 10·6 to l x 10·4s·1 s·1, the 
studied paraffin waxes exhibit power-law creep behaviour over a limited but experimentally 
useful temperature range. The calibrated stress exponents for the three grades of wax are 
2.4, 2.8, and 4.1, with the stress exponent apparent! y increasing with decreasing melting 
point for the wax. This range is similar to the experimentall y determined values for common 
rocks and paraffin wax therefore represents an excellent analogue for rocks deforming by 
power-law creep. 
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lntroduction 

With few exceptions, deformational structures in 
rocks are too !arge, develop too slowly and require 
forces which are too great to ever allow direct ex
perimental observation. Experiments must there
fore involve some form of scale modet and it is 
clearly the aim of such experiments to maintain si
milarity between the mode! and the original geologi
ca! process as closely as possible. The extrapolation 
of the results to natural examples is dependent on 
this similarity. This will be true regardless of whe
ther the material is kept the same but temperature 
and strain rate are scaled (i.e. rock mechanics ex
periments) or if an analogue material, as discussed 
here, is employed. 

The theory of mechanical scale models is weil es
tablished, due to its broad applicability in many 
fields of engineering and applied science. Excellent 
reviews are provided by Ramberg (1981), Kline 
(1965), Porter (1958), Langhaar (1951), and Hub
bert (1937). Non-mechanical processes (chemical 
reactions, diffusion, etc.) are by necessity excluded 
from this dimensional scaling, and strict experimen
tal modelling of processes involving both metamor
phism and deformation is, in general, unattainable. 

Ideally, we wish to maintain geometrical (the 
mode! is a reduced or enlarged geometric replica of 
the original), kinematic (corresponding particles are 

found at corresponding points at corresponding 
times) and dynamic (the ratio between various kinds 
of mechanical forces compared kind for kind, that 
act on corresponding particles in the original and 
mode!, is constant) similarity (cf. Ramberg 1981). 
Such comprehensive and strict scating of geological 
structures is not possible under normal, non-acceler
ated experimental conditions because the gravi
tational acceleration in the natural original and in 
the scale mode! are the same, i.e. the mode! ratio 
for acceleration is l. This immediately implies a 
fixed (and experimentally unrealistic) constraint on 
the mode! ratios of length and time and requires 
that the strength of the mode! materials must be 
very low if gravitational forces are to be correctly 
scaled relative to surface forces (cf. Ramberg 1981, 
p 39-41). Solid-state creep of rocks in geological 
processes is so slow, however, that inertia! forces 
are negligible and if we restrict ourselves to fairly 
small-seale structures (with dimensions of less than 
a few hundreds of metres), the effects of gravity 
may also be ignored. We are then free to select in
dependent mode! ratios of length and time suitable 
for our experiments. 

However, dynami c similarity of the surface forces 
must still be maintained for proper scaling, and, as 
extensively discussed by Weijermars & Schmeling 
(1986), this implies that the analogue and original 
(rock) materials must be rheologically similar. For 
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corresponding particles in the mode! and the orig
inal, the stress-strain curve must have the same 
shape and ma y differ only in the scaling of the stress 
axis; the scale factor for the stress axis must be the 
same for every set of corresponding points. During 
heterogeneous deformation, different particles are 
experiencing different strain rates at any one time. 
For dynami c similarity, i t can be easily shown that 
the stress-strain rate relationship of the original and 
mode! materials may differ only in the proportion
ality eonstant (Weijermars & Schmeling 1986). Con
sider the general case where, for a constant, specific 
temperature, the steady-state flow stress in the orig
inal rock material is directly proportional to some 
function of the strain rate f0 (e0), with a proportion
ality eonstant C0. That is: 

(l) 

For dynamic similarity, the mode! ra tio (ar) of the 
stresses due to surface forces at any pair of ge
ometrically corresponding points of the mode! (m) 
and original (o) must be held constant, so that: 

therefore, 

= K  (a constant) 

which, substituting for a0 from equation (l) above 
gives: 

(2) 

i.e. if dynamic similarity is to be maintained, the 
mechanical equation of state relating differential 
flow stress to strain rate for the analogue material 
may differ from that of the original rock material 
only in the proportionality constant. This must be 
true for every corresponding point in the mode! and 
in the original. For the specific case of power-law 
creep, where the strain rate e is proportional to an, 
the stress exponent n of the analogue material must 
equal that of the rock material to be modelled. 

Paraffin Wax as a Modelling Material: Pre
vious Work 

The use of analogue scale models to study geologi
ca! structures has a Iong and productive history (see 
the review of Summers 1933). Paraffin waxes are 
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one of the more commonly employed analogue ma
terials, but their rheology has received only limited 
attention (Barry & Grace 1971, Cobbold 1975, 
Neurath & Smith 1982). In contrast, the rheologies 
of several other analogue materials have been ex
tensively investigated, e.g. Plasticene (McCiay 
1976) and Plasticene-like materials (Weijermars 
1986), and silicon or "bouncing" putty (Dixon & 
Summers 1986, Weijermars 1986), as weil as some 
potentially interesting new materials (PDMS and 
PBDMS of Weijermars 1986). Recent modelling 
studies using paraffin waxes include those of 
Cobbold (1975) on the propagation of single layer 
folds, Latham (1979) on the development of folds in 
anisotropic materials, Neurath & Smith (1982) on 
the amplification rates of folds and boudins, Bau
mann (1986) on the initiation of ductile shear zones, 
and Dixon & Simpson (1987) on the intrusion of lac
coliths. 

Chemical and Physical Properties of Paraffin 
W ax 

The following is a summary from the comprehensive 
work of Freund et al. (1982), which is itself a compi
lation of the surprisingly extensive literature on the 
chemistry and physical properties of paraffin pro
ducts and their individual components. 

Chemistry 

Paraffinie hydrocarbons, or paraffin, are straight
chained or branched saturated organic compounds 
with the composition CnHZn+Z· The term paraffin 
waxes is used for mixtures of various hydrocarbon 
groups, especially paraffins and cycloalkanes, that 
are solid at room temperature. 

The various types of paraffin waxes form essen
tially two groups. Macrocrystalline paraffin waxes 
are mixtures which consist chiefly of saturated, nor
mal C18-C30 hydrocarbons and smaller amounts of 
iso-alkanes and cycloalkanes. The molecular weight 
of the components varies between 250 and 450, 
their melting point between 40 and 60°C. Their crys
tals are plate- or needle-shaped. Microcrystalline 

paraffin waxes contain, in addition to normal hydro
carbons, !arge amounts of iso-alkanes and nap
thenes with Iong alkyl side-chains. The iso-alkanes 
form microcrystals and the major part of these 
waxes consists of C40-C55 compounds. The melting 
point of microcrystalline paraffin waxes varies be
tween 60 and 90°C. 

Depending on the degree of refining, one can 
classify paraffin waxes as technical, semi-refined 
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and refined grade waxes. Technical grade paraffin 
waxes usually contain less than 6 wt-% oil. Semi
refined paraffin waxes may contain a maximum of 3 
wt-% oil, and their colour is light yellow to white. 
Finall y, refined paraffin waxes contain 0.4-0.8 
wt-% oil; they are colourless, odourless and do not 
contain substances detrimental to health. The 
chemical composition of maero-and microcrystalline 
paraffin waxes varies over an almost infinite range 
of combinations, depending upon the source of the 
crude petroleum and the processing technology. 

Crystallography and the a-{3 allotropic transition 

Paraffin hydraearbons - whether individual com
pounds or their mixtures - are always crystalline at 
temperatures below their meJting point or meJting 
range. As with many crystalline substances, a fur
ther change of the crystal structure may take place 
in a temperature range below the meJting point. 
These changes - termed allotropic transitions -
occur at given, so-called equilibrium transition tem
peratures, provided that cooling is infinitely slow. 
Allotropic transitions are always displayed on the 
cooling curve by further breaks, since they are ac
companied by changes in the heat content. lt is an 
important characteristic of allotropic transitions that 
they represent reversible processes, i.e. they will be 
repeated during heating when the corresponding 
equilibrium temperature is reached, provided that 
heating is infinitely slow. If the cooling or heating 
rate is finite, the transitions take place at tempera
tures Iower or higher, respectively, than the equi
librium temperature. Therefore, the transition tem
perature will differ when reached by cooling or by 
heating, the difference being a function of the rate 
of temperature change (see Fig. 1). 

According to several authors (see Freund et al. 
1982, p. 75 and following), C21 to C36 normal 
paraffin hydraearbons display a well-defined allo
tropic transition at some degrees Celsius below their 
meJting point. The so-called a-phase, stable below 
the meJting point, is converted into the �-phase, and 
the transition is accompanied by the release of a 
relatively high amount of heat. At ambient tem
perature, normal alkanes between C19 and C29 con
taining an odd number of earbon atoms have an 
orthorhombic structure, even-nurobered normal 
alkanes between C18 and C26 have a trielinie struc
ture and those between C28 and C36 a monoclinic 
structure. At higher temperatures, the stable struc
tures are crystal systems of higher syrornetry, in par
ticular orthorhombic and hexagonal structures. Sev
eral authors report that normal alkanes from C38 
onwards do not exhibit transition points: the phase 
stable below the meJting point is the �-phase. In 
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COOLING & HEATING CURVES 

PARAFFIN MP46-48 BATCH #O 

crystallization 

TIME (secs.) 

Fig. l. Cooling and heating curves for paraffin wax of 
melting range 46-48°C (Batch #0). Breaks in slope ear
respond to phase transitions (crystallization and the a-13 
transition), du e to the heat of transition and the differing 
heat capacities of the two phases. Because heating and 
cooling rates are not infinitely slow, the break in slope of 
the cooling curve always occurs below the true transition 
temperature and the break in the heating curve above. 
The curves, therefore, only allow a temperature range to 
be determined, within which the true transition tempera
ture must lie. 

hexagonal structures the Iong molecules are capable 
of free rotation about their longitudinal axis. Such 
paraffin waxes are relatively soft. In the orthorhom
bic crystals, free rotation of the molecules is not 
possible and, therefore, such paraffin waxes are 
more rigid. 

Commercial macrocrystalline paraffin waxes con
sist, at ambient temperatures, mainly of hard 
orthorhombic crystals, but the hexagonal structure 
is also always present, even if only in small 
amounts. In addition, Iiquid branched hydraearbons 
also participate in building up the final structure. 
The amount of the hexagonal form depends on the 
molecular mass range of the constituents. The meJt
ing range and the transition range become broader 
with more complex paraffin wax composition. For 
narrower molecular mass range fractions, the 
transition range is narrower. When this transition is 
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Fig. 2. Summary plot of the a-13 transition temperature 
against melting temperature for individual n-alkanes (1), 
for mixtures of n-alkanes with a narrow molecular weight 
range (2) and for commercial paraffin waxes (3), from 
Freund et al. (1982). The temperature ranges within which 
a sudden weakening of the studied paraffin waxes occurs 
(the transition from field 2 to 3, see text) are also indi
cated. These ranges are an artifact of the temperature 
spacing between experiments and the actual transition may 
be quite sharp. An interpreted transition curve is shown 
dashed. 

abrupt, contraction of the paraffin wax during cool
ing can cause cracking. The difference between the 
melting point and the transition range increases with 
the breadth of the molecular mass range of the 
paraffin wax. 

Figure 2, modified from Freund et al. (1982), rep
resents the transition temperatures, plotted against 
their melting points, of individual n-alkanes (1), n
alkane mixtures (2), and commercial paraffin waxes 
having different melting points (3). From curve (1), 
it can be seen that with increasing earbon atom 
numbers, i.e. with, increasing melting points, the 
temperature difference between the transition point 
and the melting point decreases and finally disap
pears at the c37 compound (i.e. for melting tem
peratures >76°C). Microcrystalline paraffin waxes 
contain c33-c60 n-alkanes, and hence the import
ance of the a- � transition is much less than in 
macrocrystalline paraffin waxes. From all three 
curves, it is obvious that, for identical melting 
points, the transition temperatures of commercial 
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paraffin waxes with broad molecular weight ranges 
and complex compositions (3) are lower than those 
for mixtures of n-alkanes (2), which in tum are 
lower than those of individual n-alkanes (1). The 
transition to markedly lower flow stresses, as de
termined by the deformation experiments described 
in detail below, which broa dl y earresponds with the 
a- � transition range as determined from heating 
and cooling curves (e.g. Fig. 1), are included on Fig. 
2 for the analytical-grade commercial paraffin waxes 
investigated in the current study. lt is clear that the 
waxes studied are highly refined, and plot in a field 
intermediate between the lower quality commercial 
waxes (curve 3) and the mixtures of n-alkanes 
(curve 2). 

Volume change 

Paraffin waxes undergo a marked contraction of ar
ound 11 vol-% on crystallizing from the melt, with 
an additional 3-3.5 vol-% volume reduction at the 
a- � transition (Fret�nd et al. 1982, Table 1-45). 
This results in the development of marked central 
depressions in moulds east from the melt, and 
moulds for models must be made oversized and 
later rnachined to the correct dimensions (see be
low). lt can also lead to intemal cracking if models 
are coolded too rapidly from the melt and through 
the transition temperature. 

Experimental Technique and Preparation 

The three macrocrystalline paraffin waxes investi
gated are of analytical grade, with 2°C nominal 
melting ranges, and were obtained from major 
chemical suppliers (see Appendix). Rheological 
calibration was performed in the same pure sh ear, 
plane strain rnachine (Mancktelow 1988) and under 
the same conditions as used for analogue modelling 
experiments (e.g. Baumann 1986, Baumann & 
Mancktelow 1987). This has obvious advantages for 
interpreting the results of such experiments. 

The stress-strain curve for paraffin wax has a 
clear elastic range, a rounded yield segment, and a 
flow segment which, for a specific temperature 
range and confining pressure, approximates a 
steady-state (Fig. 3). This suggests that, within this 
flow regime, the average interna! microstructure 
does not change with increasing strain and simplities 
calibration by allowing multiple, stepped strain rate 
experiments using a single block of paraffin. The 
paraffin is bought in 50 or 100 kg lots and arrives as 
a series of flat blocks. These are broken into small 



Bull. Geol. Inst. Univ. Uppsala, N.S. 14 (1988) The Rheology of Paraffin Was and its Usefulness 185 

Paraffin Wax Melting Point 46-48 ·c 

stress (bars) 

1.5 
Strain Rate = 2.00 x 10·5 s·1 

Temperature = 24.8 ·c 

1.0 

0.5 

% Shortening 

0.0 
o 10 20 30 40 

Fig. 3. Typical differential stress ( o1-o3) versus strain (given here as percent shortening) for paraffin 
wax. The excellent reproducibility is clear from the stop and restart test at around 21 % shortening. 

pieces and thoroughly mixed to ensure uniformity. 
Unfortunately, the calibration tests have shown that 
differing lots from the same supplier can differ 
slightly but significantly in their mechanical proper
ties (e.g. see Appendix, Batches #O and #l of 
paraffin wax MP46-48). This is an argument for 
buying !arge quantities at a time, as each new Iot 
must be individually calibrated. 

The paraffin is melted and poured into moulds 
which are slightly larger than the required final di
mensions, to allow for uneven shrinkage on cooling. 
The paraffin is then cut and rnachined into its final 
shape (29xl2x6 cm) and Ioaded into the machine, 
copiously lubricated with petroleum jelly. The 
preset temperature is allowed to stabilize overnight 
(ca. 14 hours) before beginning a series of eonstant 
strain rate experiments. A eonstant contining stress 
o3 = 0.3 bar (l bar = 105 pascal) was employed for 
all calibration experiments. Steady-state flow (if at
tained, see below) is weil established within ca. 
5-8 % shortening, allowing up to 5-6 tests within 
the 42 % shortening range of the machine. The 
strain rates are disordered within the range 5 x w-6 
to l x w-4 s·1 so as to elimina te an y systematic error 
should non-steady-state flow occur (work hardening 
or softening). Data collection occurs under compu
ter control. The stress-strain curve, side stress and 
average strain rate are continuously displayed on a 
graphics terminal during the experiment and the 
data (strain, stress, side stress, temperature and 

time) stored as a data file. After successful con
clusion, the stress-strain curve is plotted and the av
erage temperature and strain rate (!east squares re
gression of strain against time) determined. The 
flow stress can then be manually read from the 
stress-strain curve and a data fil e of flow s tresses for 
various temperatures and strain rates established. 

Results 

For the specific paraffin waxes and range of strain 
rates investigated, which adequately covers the 
range of current interest in our laboratory, three 
deformation fields have been established with in
creasing temperature: 

l) a field of marked work softening, which is 
transitional to brittle failure at still Iower tempera
ture 
2) a field of effectively steady-state flow 
3) a field of flow at markedly reduced strength, the 
transition from field 2 to field 3 apparently corres
ponding to the a-� phase transition (see Fig. 2). 

The calibration experiments of this study have 
been concentrated within field 2, where paraffin 
wax flows at near steady-state after yield, with only 
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Fig. 4. Log.-loge plot of strain rate (s-1), against stress (l bar= 105 pascal for a number of eonstant 
strain rate experiments at different temperatures for paraffin wax of melting range 46-48°C (Batch 
#0). The log scales of the two axes are not equal; the stress axis is expanded for darity and to give 
greater separation between the various experiments. 

a slight tendency to work softening (Fig. 3). In this 
field, the phenomenological stress-strain rate behav
iour of paraffin wax is accurately described by a 
power-law relation of the form. 

E = A e·QIRT 0n (3) 

where E is the natural or logarithmic strain rate, A 
is a material constant, Q is the apparent activation 
energy, R is the Gas Constan t, T is the temperature 
in oK, o is the stress (here, given in bars), and n the 
stress exponent. Strictly, the stress should be nor
malized against the elastic shear modulus f..l, to pro
duce a dimensionless value for (o/f..l)0 (e.g. Poirier 
1985), such that the material eonstant A has rational 
dimensions of strain rate (in our case s·1). However, 
in common with most rock mechanics studies, the 
shear modulus has not been accurately measured 
and the stress-strain rate relationship is presented as 
in equation (3), with the attendant disadvantage 
that A has non-rational dimensions ( e.g. Carte r 
1976, equation 5). 

Taking the natural logarithm of both sides of (3) 
gives: 

lnE = lnA - Q/RT + n !no 

which has the form of a linear equation (with three 
variables lnE, 1/RT, and !no), allowing a standard 
regression of the measured data. An example of the 
measured data for paraffin wax with a melting point 
of 46 -48°C is presented graphically in Fig. 4, and 
all data, together with the results of the regressions, 
are Iisted in the Appendix. 

As can been seen from the regression results, this 
relation can generally prediet the data values to 
within the experimental error ( ± 5 %) , and is 
perfectly adequate for interpolation. The de
termined material eonstant A, apparent activation 
energy Q and stress exponent n for the calibrated 
paraffin waxes are summarized in Table l. The 
small temperature range of the experiments is 
restricted by the limited extent of the steady-state 
power-law creep field (field 2). This in turn restricts 
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Table l 

Melting Range oc 

42-44 
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logeA Q (kcal/mol) n 

248 149 4.1 
46-48 (Batch #O) 243 150 2.8 

126 2.7 46-48 (Batch #l) 204 
2.4 50-52 

the degree of constraint on the determined acti
vatian energy Q. 

Previous published work on the rheology of 
paraffin is rather limited, despite its common use in 
analogue modelling experiments. Cobbold (1975) 
reported power-law behaviour for two grades of 
paraffin wax of meJting point 52°C and 54°C. The 
measured stress exponent of 2.6 is similar to that 
determined in this study for paraffin wax of similar 
meJting point but from different suppliers. Neurath 
& Smith (1982) report an exponent of 1.8 for 
paraffin wax of unknown meJting point. 

For the experimental conditions of eonstant !east 
compressive stress, a3 = 0.3 bar, the ratio of the 
effective contining pressure ( equivalent to the mean 
stress ( cr1 +cr2+cr3) /3) to the differential flow stress 
(a1-a3) will decrease with increasing flow stress, 
which can be produced by decreasing the tempera
ture or increasing the strain rate. Above a certain 
yield stress (of around 3.5-4 bar for a3 = 0.3 bar), 
there is a clearly discernable and increasing tend
ency (with increasing flow stress) towards significant 
strain softening following yield, and true steady
state flow is not established (field 1). There is no 
initial through-going fracture or general lack of co
hesion. Instead, close examination reveals a multi
tude of small conjugate "she ar zones", generally < l 
cm Iong, which nucleate on imperfections (e.g. 
small air bubbles) and are made clear by the tend
ency for non-cohesive zones in paraffin to appear 
whiter than their surroundings. By analogy with 
other materials, the upper stress limit to the field of 
steady-state flow (field 2) is presurnably strongly 
dependent on the applied pressure, but this has not 
been systematically studied in the current experi
ments. Because of the !arge dimensions of our 
paraffin blocks, high side stresses (cr3 >ca. 1.5 bars) 
require forces beyond the range of the present ma
chine (cf. Mancktelow 1988). All the experiments 
reported here were performed with a3 = 0.3 bar, 
and as discussed below, t here are practical problems 
in using higher contining stresses when studying 
models formed from components of markedly dif
ferent strengths. 

Above a certain temperature, which approxima
tes the a-� phase transition, paraffin wax exhibits a 
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sudden and very marked weakening (cf. the values 
at 29.9°C for paraffin wax with meJting point 
46-48°C and 34.SOC for wax of meJting point 
50-52°C). This field (field 3) has not been cali
brated, as stress levels are so low ( <0.2 bar) that 
they cannot be accurately measured in the present 
machine. The transition to this field is particularly 
clear in single-Iayer folding experiments where there 
is a sudden and drastic increase in the wavelength 
of the developed folds as the Iess-competent matrix 
wax enters this field. 

For a eonstant confin in g stress of 0.3 bar, a range 
of strain rates from 5 x 10-6 to l x w-4 s-1, and a cm
rent upper temperature limit for the plane strain 
rnachine of 40°C, paraffin waxes of meJting point 
ranges greater than 52°C lie almost entirely within 
field 1: the field of marked strain softening. These 
higher meJting point waxes are mainly employed in 
models as more competent components embedded 
within a weaker matrix. Calibration of such com
petent waxes at higher contining stress, sufficient to 
remain within field 2, is inappropriate as these con
tining stresses could not be maintained during pro
longed deformation of the composite models. This 
follows from the practical limitation that the high 
contining stresses, many times the flow stress of the 
weaker matrix, would cause serious extrusion of 
material from around the mode! boundaries. More 
efficient sealing of the mode! boundaries would in
volve a penalty in frictional resistance, making accu
rate measurement of stress-strain curves during the 
analogue mode! deformation difficult (Mancktelow 
1988). 

Discussion and Conclusions 

Average geological strain rates are too slow for 
direct observation and experiments on the develop
ment of deformational structures must involve some 
form of scale mode!, which is then extrapolated to 
the natural conditions. If the modelling is restricted 
to reasonably small-seale structures at low displace
ment rates, the effects of body forces (gravity and 
inertia!) may be neglected. Strict dynamic similarity 
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of the surface forces demands, however, that for 
corresponding particles in the mode! and in the orig
inal, the stress-strain curve must have the same 
shape and ma y differ only in the scalin g of the stress 
axis. For heterogeneous deformation, dynamic simi
larity also requires that the constitutive stress to 
strain rate relationships of the original and mode! 
materials differ only in the proportionality constant. 
Calibration experiments on paraffin wax demon
strate that, over a limited temperature range, this 
material can fultill the requirements for accurate 
analogue modelling of rocks deforming by power
law creep with a stress exponent in the range of 2 to 
4. 

Comparison of paraffin and natural rock rheologies 

The available experimental data on natural rocks 
and minerals indicate that there should be a broad 
field within the geological range of temperature, 
strain rate and grainsize in which deformation is ac
commodated dominantly by intracrystalline dislo
cation glide and climb with a power-law relationship 
between strain rate and flow stress (e.g. Frost & 
Ashby 1982, Ashby & Verrall 1978, White 1976, 
Schmid 1982). The stress exponent n measured in 
rocks and single crystals ranges from ca. l to 9 (Car
ter 1976, Tullis 1979, Kirby 1983, Carmichael 1984), 
with values generally between 2 and 5 for common 
polycrystalline rocks. The calibrated paraffin waxes, 
with n values between 2.4 and 4.1, therefore rep
resent excellent analogues for such rocks deforming 
within the field of power-law creep. 

Disadvantages of paraffin as an analogue material 

There are some disadvantages of paraffin wax as a 
modelling material, several of which can be over
come by careful mode! preparation: 

l. Paraffin wax undergoes a marked volume re
duction during solidification and cooling. This re
quires that moulds for models are made oversize 
and that the blocks are then cut and planed or rna
chined to the correct shape. 

2. Paraffin wax layers do not readily stick 
togethe r, making construction of composite layer 
models difficult. The most effective method is to 
maintain composite models at elevated temperature 
under load, either within the deformation rig itself 
or in an incubator, for time periods on the order of 
12 hours. 

3. For the low contining pressmes available in the 
present deformation rig ( a3 � 1.5 bar), the power
law creep field (field 2) is restricted to quite a nar
row homologous temperature range. This is a major 
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problem with experiments in which a !arge com
petency contrast (> 50:1) between parts of the mode! 
is required, as this requires the use of paraffin waxes 
with markedly different melting points. For such di
verse wax components, the temperature ranges over 
which deformation occurs by steady-state power-law 
creep will no longer overlap and experiments in 
which all components are deforming within this field 
are not possible. 

Advantages of paraffin as an analogue material 

The actvantages of paraffin wax as a modelling ma
terial, in addition to its rheological similarity to 
common rocks, are: 

l. 1t is cheap, obtainable in !arge quantities, and 
available in a range of melting points providing a 
family of similar materials of differing strengths. 

2. lt can be easily coloured using standard candie 
wax dyes, without altering its material properties. 
This simplities the construction of composite mod
els. 

3. 1t is easily handled and non-toxic. Very accu
rate mode! fabrication is possible by a combination 
of moulding (from the melt), cutting and planing. 

4. lt is inherently self-lubricating. When copiously 
coated with petroleum jelly (vaseline), boundary 
conditions of very low friction can be achieved in 
contrast to the serious problems encountered with 
some other analogue modelling materials (e.g. oil 
putty, silicone putty, Plasticine, day). 

5. lt can be readily reused by melting and re
moulding. In this manner, one manufacturer's Iot 
can be used for many experiments, reducing the 
need for recalibration. 
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Appendix 

Regression of the ra w data is based on the IMSL 1 
Library subroutine RLLA V to perform linear re
gression using the !east absolute values criterion. 
The "% Misfit in Stress" is given by 100* (Measured 
Value - Predieted Value)/Measured Value. Strain 
rates are in terms of natural or logarithmic strain. 

1 IMSL, Inc., 2500 City West Boulevard, Houston, Texas. 
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Calibration Data for Paraffin Wax of MeJting Point 42-44 oc Batch #O 

Supplier: Fluka AG, Chemische Fabrik, CH-9470 Buchs, Switzerland 
Artide Number: 76228 
Description: Paraffin wax white congealing point 42-44° 

Power-law regression results: 

Stress Exponent n= 4.11 
Activation Energy Q = 149 kcal/mol 
Material Constant A= exp(248) 

Nr. Temperature oc Strain Rate s·1 Stress (bars) % Misfit in Stress 

l 14.5 6.00x w·' 2.18 
2 14.5 8.00x w·' 2.40 
3 14.7 1.00x w·' 1.35 
4 14.7 2.30x w·' 1.68 
5 14.7 4.50x w·' 2.02 
6 14.7 6.00x w·' 2.12 
7 14.7 I.OOx w·• 2.58 
8 14.8 1.70x w·' 1.56 
9 14.8 3.00x w·' 1.83 

10 14.9 1.30x w·' 1.45 
11 18.7 1. oo x w-' 0.58 
12 18.7 8.00x w·' 0.90 
13 18.7 9.00x w·' 0.95 
14 18.9 7.00x w·' 0.82 
15 19.1 2.00x w·' 0.58 
16 19.6 2.00x w·' 0.57 
17 19.6 I.OOx w·• 0.88 
18 20.8 I.OOx w·• 0.65 
19 20.9 I.OOx w·• 0.63 
20 21.2 I.OOx w·• 0.60 
21 21.3 I.OOx w·• 0.59 

1 IMSL Inc., 2500 City West Boulevard. Houston. Texas. 

-2.64 
0.00 

-2.50 
-0.89 

1.18 
-0.99 

6.02 
1.26 
3.34 
2.66 
0.00 

-6.95 
-4.27 
-8.87 
-8.68 

0.61 
4.72 
0.00 

-1.02 
0.44 
0.86 
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Calibration Data for Paraffin Wax of MeJting Point 46-48°C Batch #O 

Supplier: E. Merk (Schweiz) AG 
Artide Number: 7151 
Description: Paraffin wax white congealing point 46-48° 

Power-law regression results: 

Stress Exponent n= 2.79 
Activation Energy Q = 150 kcal/mol 
Material Constant A = exp(243) 

Nr. Temperature oc Strain Rate s·1 Stress (bars) % Misfit in Stress 

1 17.0 5.02xHr" 5.08 0.00 
2 17.0 8.03x w·" 6.05 0.64 
3 18.7 5.02x w·" 3.00 1.62 
4 18.7 I.Olx w·' 3.75 -1.11 
5 18.7 2.01 x w·' 4.81 -0.88 
6 18.7 3.02x w·' 5.50 -2.08 
7 20.1 1.01 x w·' 2.31 -5.45 
8 20.1 5.04x to·' 4.35 0.37 
9 22.5 5.00x w·' 2.07 1.27 

1 0  22.5 l.OOX 10·4 2.62 0.00 
11 22.9 l.OOx w·' 1.03 1.51 
12 22.9 2.00x w·' 1.24 -4.88 
13 22.9 4.oox w·' 1.70 1.93 
1 4  22.9 6.00x w·' 1.95 1.13 
1 5  22.9 8.00x Hr' 2.10 -1.78 
16 22.9 9.oox w·' 2.20 -1.34 
1 7  22.9 1.00x w·4 2.30 -0.67 
18 23.1 I.OOx Hr' 0.95 -0.39 
19 23.1 2.00x w·' 1.23 0.60 
20 23.1 5.oox w·' 1.73 1.85 
21 23.1 3.oox w·' 1.40 -0.99 
22 23.1 7.00x w·' 1.97 2.76 
23 23.1 l.OOx Hr4 2.30 5.35 
24 24.8 2.oox w·' 0.67 -8.39 
25 25.9 1.40 x Hr' 0.47 2.64 
26 25.9 2.00X 10·S 0.52 0.00 
27 25.9 3.00x w·' 0.63 4.55 
28 25.9 5.00x Hr' 0.72 -0.30 
29 25.9 7.oox w·' 0.83 1.84 
30 25.9 9.00x Hr' 0.87 -2.47 
31 29.9 5.oox w·' 0.11 -98.93 Excluded 
32 29.9 1.00x 10·4 0.10 -180.54 Excluded 
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Calibration Data for Paraffin Wax of MeJting Point 46-48°C Batch #l 

Supplier: E. Merck (Schweiz) AG 
Artide Number: 7151 
Description: Paraffin wax white congealing point 46-48°C 

Power-law regression results: 

Stress Exponent n= 2.66 
Activation Energy Q = 126 kcal/mol 
Material Constant A = exp(204) 

Nr. Temperature oc Strain Rate s·' Stress (bars) 

l 20.9 I.oox w·' 1.04 
2 20.9 2.00x w·' 1.40 
3 20.9 3.50x w·' 1.60 
4 20.9 6.oox w·' 2.00 
5 20.9 l.OOx w·4 2.50 
6 25.4 9.83x w·" 0.31 
7 25.4 I.98x w·' 0.38 
8 25.4 7.84x w·' 0.73 
9 25.4 9.61 x w·' 0.77 

1 0  27.2 l.OOx w·' 0.19 
1 1  27.2 2.oox w·' 0.26 
1 2  27.2 4.00x w·' 0.32 
13 27.2 6.00x w·' 0.36 
1 4  27.2 I.OOxi0.4 0.44 

% Misfit in Stress 

0.00 
3.59 

-4.11 
-2.00 

1.12 
1.75 

-4.30 
8.91 
6.77 
0.00 
5.16 
0.00 

-3.53 
-2.64 
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Calibration Data for Paraffin Wax of MeJting Point 50-52 oc Batch #O 

Supplier: Fluka AG, Chemische Fabrik, CH-9470 Buchs, Switzerland 
Artide Number: 76229 
Description: Paraffin wax white congealing point 50-52° 

Power-law regression results: 

Stress Exponent n= 2.42 
Activation Energy Q = 127 kcal/mol 
Material Constant A = exp(201) 

Nr. Temperature oc Strain Rate s·1 Stress (bars) % Misfit in Stress 

l 24.2 4.00x 10"5 5.50 0.00 
2 24.4 I.OOx 10·5 2.80 -4.46 
3 24.6 2.00x 10·' 4.02 8.76 
4 26.5 I.OOx 10·' 1.48 -6.12 
s 26.5 s.oox 10"6 1.18 0.00 
6 26.5 6.00x 10·' 3.54 7.10 
7 27.8 2.00x 10·5 1.30 -9.89 
8 27.8 4.00x 10·' 1.77 -7.43 
9 27.8 8.00x w·' 2.42 -4.58 

lO  27.8 I.OOx 10·" 2.65 4.71 
11 30.6 I.OOx 10"5 0.51 6.25 
12 30.6 2.00x 10"5 0.66 3.58 
13 30.6 4.00x 10"5 0.95 10.85 
14 30.6 8.00x 10·' 1.21 6.84 
15 30.6 I.OOx 10·" 1.36 9.12 
16 31.5 2.00x w·' 0.48 -2.55 
17 31.5 1.01 x 10"" 0.96 0.00 
18 31.5 1.32x w·" 1.02 -5.10 
19 31.6 6.00x w·' 0.72 -4.54 
20 31.7 I.OOx 10·5 0.35 0.17 
21 31.8 4.00X 10·5 0.58 -3.73 
22 34.7 4.00x 10·' 0.13 -104.72 Excluded 
23 34.5 7.00x 10·' 0.15 -136.31 Excluded 
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