
125

  ||  JOURNAL OF CREATION 35(3) 2021PAPERS

Evaluating the origin of salt deposits and salt 
structures
Jacob Blom

Salt1 deposits are generally understood as the result 
of solar evaporation in an isolated or semi-isolated 

basin.2 In an isolated basin, net evaporation will increase 
the concentration of salts in the water, eventually leading 
to precipitation. In a semi-isolated basin, precipitation can 
occur as long as the outflow of salt is less than the inflow. The 
Mediterranean Sea, which was a salt basin in the past, serves 
as a model for these two models. In the 1970s, the Messinian 
salt deposits were explained by a complete desiccation of the 
Mediterranean Sea.3 In the last decades, modelling studies 
have demonstrated the possibility of salt deposition with a 
seaway between the Atlantic Ocean and the Mediterranean 
Seaway that continuously supplied salt.4,5

Although the theory of solar evaporation has been the 
consensus since the late 19th century, several geologists have 
advocated other interpretations. Rode6 and Sozansky7 pro-
posed an igneous origin of salt deposits, but did not garner 
much support in the geologic community. Currently, Martin 
Hovland et al. advocate a hydrothermal origin of many salt 
deposits.8 Since evaporation is a process that is too slow 
to create thick salt layers within a young-earth timeframe, 
creationists have also developed hydrothermal and igneous 
models. Most creationists favour a hydrothermal model, 
defended in most detail by David Nutting9 and Andrew A. 
Snelling.10 In contrast, Stef J. Heerema and Gert-Jan H.A. 
van Heugten have proposed an alternative hypothesis that 
tries to explain how salt deposits could have formed rapidly 
during the Flood.11 Furthermore, their hypothesis also sug-
gests an explanation for the origin of salt structures, such as 
diapirs. Heerema and van Heugten argue that salt deposits 
are the result of a salt magma that erupted underneath the 
sediment-rich waters of the Flood. Diapirism is explained by 
a buoyancy-driven process as a result of the density contrast 
between the liquid salt and the water-soaked sediments.

The hypothesis of Heerema and van Heugten will be 
examined and their arguments evaluated. I will argue that 
their hypothesis lacks explanatory power and sketch an 
alternative model.

The sedimentary origin of salt deposits

Primary crystals in salt deposits can have a wide range 
of morphologies. B. Charlotte Schreiber provides examples 
of these morphologies from the salt deposits of the Medi-
terranean and Michigan Basin.12 These morphologies (e.g. 
twinned gypsum crystals, lenticular gypsum, halite hoppers, 
and chevron halite) are also formed in laboratory evaporation 
experiments,13 modern solar ponds,14 and salt pans.15 In the 
Messinian deposits of the Mediterranean, alternations of thin 
salt layers with shale can be found at multiple levels, which 
demonstrates a low-temperature, sedimentary origin of these 
salt layers.16 Resedimented salts (salts that have been eroded 
and transported) can contain numerous sedimentary struc-
tures, e.g. cross-bedding and turbidite structures.17 Despite 
the fact that large portions of salt deposits have lost their 
primary features as a result of diagenesis and salt tectonics, 
most formations contain several of the above characteristics 
that indicate a sedimentary origin.

It has not been demonstrated that an igneous model can 
account for many of these characteristics. In addition, most 
salt deposits contain several minerals that are unstable under 
high temperatures, such as gypsum, which loses its water 
between 100 and 150°C and becomes anhydrite.18 The crys-
tal morphology of gypsum in many salt deposits suggests a 
primary origin, whereas anhydrite can sometimes retain the 
structure of the gypsum it originated from, demonstrating a 
secondary origin.19 Likewise, clay minerals that are present 
in small quantities in rock salt20 and in siliciclastic layers 
interbedded in salt formations21 exclude a high-temperature 
origin of salt deposits, as these minerals would have disap-
peared due to contact metamorphism.

Heerema22 pointed out that many salt deposits contain 
almost no siliciclastic sediment or fossils and used this as 
an argument against the theory of evaporation. The absence 
of large amounts of siliciclastic sediments can be explained 
by the difference between the precipitation rate of salt and 
the average rate of siliciclastic sediment deposition in a 

Several creationist hypotheses have been proposed to explain the origin of salt deposits without invoking solar evaporation. 
In this paper, I evaluate the hypothesis in a recent paper by Heerema and van Heugten that explains salt deposits by means 
of igneous activity. I argue for a sedimentary, cold-water origin of salt deposits and the formation of salt structures by 
means of solid-state salt flow. Any creationist model needs to account for all characteristics of salt deposits.
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large basin. Moderate evaporation rates can lead to the pre-
cipitation of 2–5 cm of gypsum and 2 to >10 cm of halite,23 
while the present clastic sedimentation rate is < 0.1 cm/yr.24 
Since hypersaline environments are almost entirely devoid 
of multicellular life,25 the absence of macrofossils can easily 
be explained. Microfossils such as pollen,26 bacteria,27 and 
microbial laminations28 are regularly found in salt deposits, 
consistent with a sedimentary origin.

The origin of salt structures

A common feature of salt deposits is the presence of salt 
structures, such as walls and diapirs. These structures are 
generally interpreted as the result of solid salt flowing like a 
fluid over long periods of time.29 Strain in samples of natural 
rock salt was measured at differential stresses as low as 0.2 
MPa,30 indicating that salt will deform in various geological 
situations. Processes like dislocation creep and pressure-
solution creep make it possible that solid salt behaves like a 
viscous fluid. For example, salt deposits often act as décolle-
ments in thrust belts, as is the case in the Pyrenees, which are 
called “a salt-based folded belt”.31 If the pressure is lowered 
at some point above a salt layer (e.g. because of the forma-
tion of a graben), salt will move upwards until the pressure is 
balanced. If the average density of the overburden is higher 
than the density of the salt (which is 2,200 kg/m3 or even 
lower32), the salt will even reach the surface and spread out.

Heerema and van Heugten criticize the differential load-
ing model of salt tectonics by referring to the difference in 
pressure gradient between laboratory and natural settings.33 
However, the laboratory experiments they refer to do not 
work with pressure gradients, since the entire salt cylinder 
is subject to the same anisotropic vertical and horizontal 

stresses. The creep behaviour of salt in these experiments 
demonstrates that we can model salt as a Newtonian fluid 
with a viscosity that is given by the relationship between 
differential stress and strain rate. In most natural settings, 
the dynamic viscosity of rock salt lies between 1017 and 1020 
Pa.s.34 Using the equation for two-dimensional plane Poi-
seuille flow between two plates and assuming no elevation 
difference, we can determine the discharge per unit width 
in a salt layer:35

 (1)

where

 (2)
where

 (3)

Here q(t) denotes discharge per unit width, h thickness 
of the salt layer, η the dynamic viscosity, ΔP(t) the differ-
ential pressure, L the flow length, ΔP0 the initial differential 
pressure, hd(t) the diapir height, ρs the salt density, g the 
gravitational acceleration, and w the width of the diapir. 
Following Heerema and van Heugten, we can assume an 
initial differential pressure of 20 MPa and salt flow over a 
length of 25 km, which entails an initial pressure gradient 
of 8 × 10–4 MPa/m. I further use a salt layer thickness of 
1,000 m, a viscosity of 1018 Pa∙s, a density of 2,200 kg/m3, 
a gravitational acceleration of 9.8 m/s2 and a diapir width of 
3,000 m. Figure 1 gives an overview of these constants and 
variables in the model. If we run this model, a diapir height 
of almost 500 m is reached after a million years (figure 2). 

Figure 1. Sketch (not to scale) of the situation used to model the rise of a salt diapir in figure 2
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This demonstrates the possibility of diapir formation within 
the timeframe of uniformitarian geology.

This simplified model can be made more realistic by add-
ing several factors that enhance or resist salt flow. Instead 
of lifting up the overburden, the diapir can push its roof 
aside, which lowers the pressure above the diapir; erosion 
of the roof also lowers the pressure. Compressional tectonic 
forces, a lower viscosity due to lower grain sizes or higher 
temperature, an elevation head gradient, and thermal load-
ing can also drive salt flow. Weak salts such as bischofite 
and carnallite can result in higher strain rates, lowering the 
overall viscosity of salt.

On the other hand, the strength of the overburden, the 
movement of the overburden in the opposite direction, and 
the presence of salts with a high viscosity (e.g. anhydrite) 
are factors that resist salt flow. Equation (1) shows that dis-
charge is proportional to the cube of the salt layer thickness. 
As a result, salt flow decreases due to thinning of the salt 
layer.36 Numerical models that take these factors into account 
demonstrate the possibility of the formation of salt diapirs in 
millions of years.34,37,38

The formation of salt structures can take place in numer-
ous settings, creating various types of diapirs and other struc-
tures. However, tectonic faults are in almost all cases needed 
to create a differential pressure (in extensional regimes) or 
pierce the roof of the diapir (in compressional regimes). The 
standard model of salt tectonics predicts therefore a strong 
association between faults and diapirs. This prediction is con-
firmed by salt structures worldwide. For example, Miocene 
salt walls in the Red Sea all lie in grabens39 and diapirs of 
the Carboniferous Paradox Formation of Utah and Colorado 
are correlated to the Late Paleozoic Uncompahgre Uplift, 
which triggered the formation of a sequence of salt walls.40

Evaluating the evidence for igneous salt

Barnhart41 has already commented on the evidence for salt 
magmas that is put forward by Heerema and van Heugten. 
The natrocarbonatite magma of Ol Doinyo Lengai, Tanzania, 
mainly consists of nyerereite and gregoryite and is probably 
the result of considerable differentiation.42 The magma con-
tains small quantities of halite and sylvite, which crystallize 
together into a solid solution during a late stage of magma 
cooling. An igneous model for salt formations needs to 
account for the fact that halite layers in salt deposits contain 
almost no sylvite, but sylvite may occasionally be found in 
separate layers on top of the halite. The late crystallization 
creates the possibility that further differentiation of a natro-
carbonatite would result in a NaCl-rich magma. However, 
such a far-reaching differentiation is unlikely to have hap-
pened quickly during the Flood, and it is unclear how such 

a complex process could have led to the enormous volumes 
of salt that are present in salt deposits.

Another indication of a salt magma would be the existence 
of primary igneous anhydrite.43 In various igneous rocks, 
anhydrite occurs as phenocrysts or inclusions. It often co-
nucleates together with apatite, a mineral that is not present 
in salt deposits. Its δ34S value is comparable to other igneous 
rocks and well outside the range of δ34S values of anhydrite 
in salt deposits.44 The isotopic differences and context of 
igneous anhydrite make a comparison with anhydrite in salt 
deposits unwarranted.

According to Heerema and van Heugten, the layering of 
salt deposits could potentially be explained by the solidifica-
tion behaviour of ionic liquids (i.e. liquids composed entirely 
of ionic compounds). However, ionic liquids often form a 
structure of microscopic lamellae and other structures that 
are not present in salt deposits.45 The macroscopic layering of 
salt deposits poses a problem for an igneous model as well, 
since many salt deposits contain an anhydrite or gypsum 
layer both near the bottom and near the top of the formation. 
This is generally explained as the result of the increase and 
decrease of the salinity in the basin, respectively.

Evaluating the evidence for magmatic diapirism

Heerema and van Heugten argue that diapirism in solid 
state is impossible and suppose that diapirism took place 
when the salt deposit was still a magma and the overlying 
sediments were soft and unconsolidated. They compare the 
structure of a Rayleigh-Taylor instability to salt diapirs in 
a compressional basin. However, the superficial similarity 
between these structures can be explained by the fact that 
solid salt indeed behaves like a buoyant fluid, whereas the 
differences can be explained by the brittle behaviour of the 
overburden. The turbulence of a real Rayleigh-Taylor insta-
bility would lead to vortices with intricate mixing of salt 
and sediments.

Several characteristics of diapirs contradict an origin in 
liquid phase. For example, diapirs often retain the structure 
of distinct layers of the undeformed salt.46 Turbulent flow in 
liquid phase would have mixed these layers. The relatively 
high density of a salt magma would have made it difficult 
to pierce through the unconsolidated sediments of the over-
burden and flow over the surface or sea bottom. Unlike 
magmatic intrusions, salt diapirs do not contain a contact 
metamorphic halo. The igneous model of diapirism also lacks 
an explanation for the relation between diapirs and faults, 
especially since the model suggests that the sediments of 
the overburden were water-soaked during diapirism, which 
would have prevented the formation of faults. These char-
acteristics make it highly improbable that salt structures are 
the result of magmatic diapirism.
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Creationists need to consider other mechanisms

Creationists need to take the arguments in favour of a 
cold-water sedimentary origin of salt deposits into account. 
There are some processes that may explain salt deposits 
within a young-earth framework. First, serpentinized lith-
osphere can host large volumes of salt, which escape as 
NaCl-rich brines during subduction.47,48 Upon cooling, these 
brines will result in large flows of brine and particulate salt, 
which can presently be observed at the bottom of the Red 
Sea.49 Evaporation could further enhance precipitation from 
the concentrated brine. Second, large tectonic forces during 
and after the Flood, combined with a very low viscosity of 
salt as a result of high temperatures, small grain sizes and 
high water content, can enhance the flow rate of salt in solid 
state.34 Using equations (1) to (3) in the same way as before 
but with a viscosity which is a thousand times lower (i.e. 
1015 Pa∙s) results in a diapir that rises a thousand times faster, 
i.e. 500 m in about 1,000 years. This very low viscosity falls 
within the range of viscosities observed in salt glaciers,50 
which indicates that it is possible under highly favourable 
conditions.

These processes could account for more of the charac-
teristics of salt deposits than the hypothesis of igneous salt. 
However, a detailed examination of individual salt deposits 
is needed to determine their validity.

Conclusion

Crystal morphologies and sedimentary structures show 
that salt deposits most likely have a sedimentary origin. 
The physics governing salt tectonics demonstrate the pos-
sibility of diapirism as a result of the flow of solid salt. On 

the other hand, the hypothesis 
that tries to explain salt deposits 
and salt structures as the result 
of igneous activity during the 
Flood fails to account for a 
large array of data. Therefore, 
creationists should develop an 
alternative sedimentary model 
that accounts for the origin of 
salt deposits and rapid solid-
state salt flow that accounts for 
the origin of salt structures.

Acknowledgments

The author wants to thank 
Leon van den Berg, Kevin 
Henke, Jan van Meerten, Kev-
in Nelstead, Shaun Doyle and 

several anonymous reviewers for helpful comments that 
helped to improve the manuscript.

References
1. Salt deposits can consist of a variety of salts, with halite (NaCl) and gypsum/

anhydrite (CaSO4 ∙ 2H2O and CaSO4, respectively) being the most common. 
Salt tectonics has normally taken place in deposits or parts of deposits which 
consist mainly of halite.

2. Warren, J.K., Evaporites: A geological compendium, 2nd edition, Springer, Cham, 
p. 1, 2016.

3. Hsü, K.J., Ryan, W.B.F., and Cita, M.B., Late Miocene desiccation of the 
Mediterranean, Nature 242:240–244, 1973.

4. Garcia-Castellanos, D. and Villaseñor, A., Messinian salinity crisis regulated 
by competing tectonics and erosion at the Gibraltar arc, Nature 480:359–363, 
2011.

5. Meijer, P.T., Hydraulic theory of sea straits applied to the onset of the Messinian 
salinity crisis, Marine Geology 326–328:131–139, 2012.

6. Rode, K.P., On the submarine volcanic origin of rock-salt deposits, Proceedings 
of the Indian Academy of Sciences, Section B 20:130–143, 1944.

7. Sozansky, V.I., Origin of salt deposits in deep-water basins of Atlantic Ocean, 
The American Association of Petroleum Geologists Bulletin 57(3):589–595, 
1973.

8. Hovland, M., Rueslåtten, H., and Johnsen, H.K., Large salt accumulations as 
a consequence of hydrothermal processes associated with ‘Wilson cycles’: a 
review Part 1: towards a new understanding, Marine and Petroleum Geology 
92:987–1009, 2018.

9. Nutting, D.I., Origin of Bedded Salt Deposits: A critique of evaporative models 
and defense of a hydrothermal model, Master’s Thesis, Institute for Creation 
Research Graduate School, El Cajon, CA, 1984.

10. Snelling, A.A., Earth’s Catastrophic Past: Geology, creation & the Flood, 
Institute for Creation Research, Dallas, TX, pp. 937–944, 2009.

11. Heerema, S.J. and van Heugten, G.-J.H.A., Salt magma and sediments 
interfingered, J. Creation 32(2):118–123, 2018.

12. Schreiber, B.C., Subaqueous evaporite deposition; in: Schreiber, B.C. (Ed.), 
Evaporites and Hydrocarbons, Columbia University Press, New York, pp. 
182–255, 1988.

13. Arthurton, R.S., Experimentally produced halite compared with Triassic layered 
halite-rock from Cheshire, England, Sedimentology 20(1):145–160, 1973.

14. Robertson Handford, C., Halite depositional facies in a solar pond: a key to 
interpreting physical energy and water depth in ancient deposits? Geology 
18(8):691–694, 1990.

Figure 2. Development of diapir height and differential pressure with a salt viscosity of 1018 Pa·s and a 
density of 2,200 kg/m3. Other variables are specified in figure 1.



129

  ||  JOURNAL OF CREATION 35(3) 2021PAPERS

15. Lowenstein, T.K. and Hardie, L.A., Criteria for the recognition of salt-pan 
evaporites, Sedimentology 32(5):627–644, 1985.

16. Manzi, V., Gennari, R., Lugli, S., Roveri, M., Scafetta, N., and Schreiber, B.C., 
High-frequency cyclicity in the Mediterranean Messinian evaporites: evidence 
for solar-lunar climate forcing, J. Sedimentary Research 82(12):991–1005, 2012.

17. Schreiber, ref. 12, pp. 220–223.
18. Warren, ref. 2, table 16.2, p. 1605.
19. Warren, ref. 2, pp. 70–71.
20. Fredrich, J.T., Fossum, A.F., and Hickman, R.J., Mineralogy of deepwater 

Gulf of Mexico salt formations and implications for constitutive behaviour, 
J. Petroleum Science and Engineering 57(3–4):354–374, 2007.

21. Andeskie, A.S. and Benison, K.C., Using sedimentology to address the marine 
or continental origin of the Permian Hutchinson Salt Member of Kansas, 
Sedimentology 67(2):882–896, 2020.

22. Heerema, S.J., A magmatic model for the origin of large salt formations, J. Creation 
23(3):116–118, 2009.

23. Schreiber, B.C., Introduction; in: Schreiber, B.C. (Ed.), Evaporites and 
Hydrocarbons, Columbia University Press, New York, p. 5, 1988.

24. Zuo, Z., Eisma, D., Gieles, R., and Beks, J., Accumulation rates and sediment 
deposition in the northwestern Mediterranean, Deep Sea Research Part II: 
Topical Studies in Oceanography 44(3–4):597–609, 1997.

25. Larsen, H., Ecology of hypersaline environments, in: Nissenbaum, A. (Ed.), 
Developments in Sedimentology, vol. 28, Elsevier, Amsterdam, pp. 23–39, 1980.

26. Durska, E., Pollen in a perfect trap: the palynological record in Miocene gypsum, 
Grana 57(4):260–272, 2018.

27. Dela Pierre, F., Natalicchio, M., Ferrando, S., Giustetto, R., Birgel, D., 
Carnevale, G., Gier, S., Lozar, F., Marabello, D., and Peckmann, J., Are the 
large filamentous microfossils preserved in Messinian gypsum colorless sulfide-
oxidizing bacteria? Geology 43(10):855–858, 2015.

28. Schreiber, ref. 12, pp. 216–217.
29. Hudec, M.R. and Jackson, M.P.A., Terra infirma: understanding salt tectonics, 

Earth-Science Reviews 82(1–2):1–28, 2007.
30. Bérest, P., Gharbi, H., Brouard, B., Brückner, D., DeVries, K., Hévin, G., 

Hofer, G., Spiers, C., and Urai, J., Very slow creep tests on salt samples, Rock 
Mechanics and Rock Engineering 52:2917–2934, 2019.

31. Cámara, P. and Flinch, J.F., The Southern Pyrenees: a salt-based fold-and-thrust 
belt, in: Soto, J.I., Flinch, J.F. and Tari, G. (Eds.), Permo-Triassic salt provinces 
of Europe, North Africa and the Atlantic margins: Tectonics and hydrocarbon 
potential, Elsevier, Amsterdam, pp. 395–416, 2017.

32. Weinberger, R., Begin, Z.B., Walmann, N., Gardosh, M., Baer, G., Frumkin, 
A., and Wdowinksi, S., Quarternary rise of the Sedom diapir, Dead Sea basin, 
Geological Society of America, Special Paper 401:33–51, 2006.

33. Heerema and van Heugten, ref. 11, pp. 118–119.
34. Van Keken, P.E., Spiers, C.J., van den Berg, A.P., and Muyzert, E.J., The effective 

viscosity of rocksalt: implementation of steady-state creep laws in numerical 
models of salt diapirism, Tectonophysics 225(4):457–476, 1993.

35. Jackson, M.P.A. and Hudec, M.R., Salt Tectonics: Principles and practice, 
Cambridge University Press, Cambridge, p. 58, 2017.

36. Wagner III, B.H. and Jackson, M.P.A., Viscous flow during salt welding, 
Tectonophysics 510(3–4):309–326, 2011.

37. Schultz-Ela, D.D., Jackson, M.P.A., and Vendeville, B.C., Mechanics of active 
salt diapirism, Tectonophysics 228(3–4):275–312, 1993.

38. Fuchs, L., Schmeling, H., and Koyi, H., Numerical models of salt diapir 
formation by down-building: the role of sedimentation rate, viscosity contrast, 
initial amplitude and wavelength, Geophysical J. International 186(2):390–400, 
2011.

39. Mart, Y. and Ross, D.A., Post-Miocene rifting and diapirism in the northern Red 
Sea, Marine Geology 74(3–4):173–190, 1987.

40. Trudgill, B.D., Evolution of salt structures in the northern Paradox Basin: 
controls on evaporite deposition, salt wall growth and supra-salt stratigraphic 
architecture, Basin Research 23(2):208–238, 2011.

41. Barnhart, W.R., Salt deposits, J. Creation 33(3):46–47, 2019.
42. Gittins, J. and Jaco, B.C., Differentiation of natrocarbonatite magma at Oldoinyo 

Lengai volcano, Tanzania, Mineralogical Magazine 62(6):759–768, 1998.
43. Luhr, J.F., Primary igneous anhydrite: progress since its recognition in the 

1982 El Chichón trachyandesite, J. Volcanology and Geothermal Research 
175(4):394–407, 2008.

44. Warren, ref. 2, figure 2.35, p. 136.

45. Kerridge, D.H., Horsewell, A., and Berg, R.W., The structure of solid salt 
eutectics—why lamellar or conglomerate? Solid State Ionics 180(28–31):1453–
1456, 2009.

46. Bäuerle, G., Bornemann, O., Mauthe, F., and Michalzik, D., Origin of stylolites 
in Upper Permian Zechstein Anhydrite (Gorleben Salt Dome, Germany), 
J. Sedimentary Research 70(3):726–737, 2000.

47. Scribano, V., Carbone, S., Manuella, F.C., Hovland, M., Rueslåtten, H., and 
Johnsen, H.K., Origin of salt giants in abyssal serpentinite systems, International 
J. Earth Sciences 106:2595–2608, 2017.

48. Debure, M., Lassin, A., Marty, N.C., Claret, F., Virgone, A., Calassou, S., and 
Gaucher, E.C., Thermodynamic evidence of giant salt deposit formation by 
serpentinization: an alternative mechanism to solar evaporation, Scientific 
Reports 9:11720, 2019.

49. Hovland, M., Rueslåtten, H., and Johnsen, H.K., Salt formation, accumulation, 
and expulsion processes during ocean rifting—new insight gained from 
the Red Sea, in: Rasul, N.M.A. and Stewart, I.C.F. (Eds.), Geological 
Setting, Palaeoenvironment and Archaeology of the Red Sea, Springer, Berlin, 
pp. 233–257, 2019.

50. Talbot, C.J. and Pohjola, V., Subaerial salt extrusions in Iran as analogues of ice 
sheets, streams and glaciers, Earth-Science Reviews 97(1–4):155–183, 2009.

Jacob Blom is studying earth sciences and philosophy at 
Utrecht University, the Netherlands.


