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Abstract

Many be lieve that most soils re quire great pe ri ods
of time to form. This ar gu ment has been used in an
at tempt to re fute the Bi ble’s claims for a global
flood only a few thou sand years ago. In ad di tion to
ar gu ments based on for ma tion of ex tant soils, many 
ge ol o gists or paleopedologists see ev i dence of mul -
ti ple fos sil soil ho ri zons or paleosols in the geo logic
re cord. Few, if any, of these re search ers have ex am -
ined care fully the as sump tions be hind their ar gu -
ments. As de scribed in Part I of this pa per,

pedo genesis is a com plex phe nom e non af fected by
sev eral en vi ron men tal fac tors. In Part II of this pa -
per, we de scribe pre dic tions of tra di tional and dilu -
vial ap proaches to nat u ral his tory and com pare
these pre dic tions with con straints re sult ing from
anal y sis of soil-form ing mech a nism rates. The re -
sults in di cate that data from soil sci ence are not
only com pat i ble with a diluvial view of earth his -
tory, but are actually more easily accommodated by 
it than by the traditional view.

Pedogenesis

Pedogenesis is the de vel op ment of soil from geo logic
 parent ma te rial. As de scribed in Part I of this pa per, pedo -
genesis is a com plex phe nom e non. Add ing to the com -
plex i ties of soil sci ence are dif fer ences over the def i ni tion
of soil and a re li ance, par tic u larly in the past, on the
following:
• ge netic def i ni tions (his tor i cal, not sci en tific),
• def i ni tions of soil-form ing fac tors that in clude time both

im plic itly and ex plic itly,
• zonal def i ni tions that fail to rec og nize in ter ac tion of soil-

form ing pro cesses and geo logic, geomorphic, or hydro -
logic factors. 
As sump tions about earth his tory and the rates of soil-

form ing pro cesses greatly af fect one’s view of pedogenesis,
both in per ceived rates of for ma tion and the rel a tive im -
por tance of en vi ron men tal factors.

As de scribed in Part I of this pa per (Klevberg and Ban -
dy, 2003), five soil form ing fac tors are com monly ac cepted
among soil sci en tists: cli ma tic, par ent ma te rial, top o gra -
phic, bi otic, and time.1 Hav ing noted the con fu sion in tro -
duced by hav ing time it self as a soil form ing fac tor, we
have pre sented the idea of five en vi ron men tal fac tors that
in flu ence soil for ma tion. These en vi ron men tal fac tors are
math e mat i cally de scribed as par tial de riv a tives with re spect 

to time. The com bi na tion of en vi ron men tal fac tors de ter -
mines the rates of change of the ac tual soil-form ing mech a -
nisms. These en vi ron men tal factors and soil-forming
mechanisms are summarized below.

Environmental factors:
• Cli ma tic (C): ¶2S/¶C¶t = change in soil state over time

due to cli ma tic fac tor
• Par ent Ma te rial (M): ¶2S/¶M¶t = change in soil state

over time due to par ent ma te rial fac tor
• Geomorphic (G): ¶2G/¶B¶t = change in soil state over

time due to geomorphic fac tor
• Bi otic (B): ¶2S/¶B¶t = change in soil state over time due

to bi otic fac tor
• Ground Wa ter (W): ¶2S/¶W¶t = change in soil state

over time due to ground wa ter fac tor
The change in soil state caused by en vi ron men tal fac tors is 
sec ond ary via in flu ence on soil-form ing mech a nisms.

Soil-forming mechanisms:
• Epigenesis (E): ¶2S/¶E¶Mt = change in soil state over

time due to epigenesis
• Phys i cal weath er ing (P): ¶2S/¶P¶t = change in soil state

over time due to phys i cal weath er ing
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• Leach ing (L): ¶2S/¶L¶t = change in soil state over time
due to leach ing

• Or ganic mat ter (O): ¶2S/¶O¶t = change in soil state over 
time due to or ganic mat ter

The change in soil state caused by soil-form ing mech a -
nisms is pri mary to pedogenesis.

Five soil or ders of ten in ter preted as re quir ing mod er ate
to long pe ri ods of time to form are es pe cially con sid ered in
this pa per. Parts of the world where these or ders are dom i -
nant are shown on Fig ure 1. The fo cus of this pa per is rates
of change in soil state due to soil-form ing mech a nisms for
these soil or ders and the in flu ence of en vi ron men tal fac -
tors on these rates based on dis pa rate views of earth history.

Parametric Study of Pedogenic Processes

Be cause time is im plicit in the com mon vari ables of pedo -
genesis, com plex i ties abound in an a lyz ing the pa ram e ters
that in flu ence the rates of soil for ma tion. Be cause soil for -
ma tion oc curs in time, pedogenesis lies prop erly within
the sphere of his tory, and sci ence can deal with it only in -
di rectly. Pre dic tions of phys i cal and chem i cal changes in
soil for ma tion are greatly in flu enced by the bias of ob serv -
ers based on their views of earth his tory. In gen eral, these
views can be cat e go rized as but two: the es tab lish ment geo -
logic par a digm (EGP), which gen er ally holds to grad u al -

ism, nat u ral ism, an an cient earth, and evolutionism; and
the diluvial geo logic par a digm (DGP), which holds to a
rel a tively young earth, catastrophism, and bib li cal his tory.
Vari ants that do not fit these ste reo types are rel a tively
unimportant to the analysis of pedogenesis presented in
this paper.

Soil History Predictions Based
on View of Earth History

Be cause the EGP as sumes the avail abil ity of long pe ri ods
of time for soil for ma tion, pedologists who sub scribe to this 
view tend to as sume that soil for ma tion has been a slow,
grad ual pro cess (Brady, 1974, p. 309; Har ding, 2001; Nat -
u ral Re source Con ser va tion Ser vice, 1997; Weaver, 1989,
p. 106). Evo lu tion ists will there fore tend to ex pect grad ual
or cy clic pedogenic pro cesses. By con trast the DGP as -
sumes a short time for earth his tory, the avail abil ity of vast
amounts of en ergy within the year long global Flood cat a -
clysm, and prob a ble re sid ual catastrophism. Diluvialists,
while rec og niz ing the in flu ence of en vi ron men tal fac tors
on soil-form ing mech a nisms, place greater or lesser em -
pha sis than their es tab lish ment coun ter parts on in di vid ual
fac tors and as sume that the rates at which en vi ron men tal
fac tors have op er ated may have var ied greatly in the past.
Rates and types of soil for ma tion would thus have also var -
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Fig ure 1. Dom i nant Soil Or ders of the World (data from Brady, 1974, and U.S.D.A. files).



ied greatly in the past and may have been sig nif i cantly dif -
fer ent from the pres ent. According to the DGP, many soils
can be expected to have complex histories.

EGP Expectations
• Cli mate has ex erted its in flu ence on pedogenesis over

vast pe ri ods of time, and cli mate change has tended to be 
grad ual through out earth his tory, al low ing the soil to of -
ten reach or ap proach equi lib rium with its en vi ron ment
(Brady, 1974, pp. 303,309; Selley, 1976, p. 55; Weaver,
1989, p. 106).

• Par ent ma te rial, ex ert ing the prin ci pal in flu ence at the
on set of pedogenesis, be comes rel a tively un im por tant
over vast pe ri ods of time and will, there fore, tend to be
rel a tively un im por tant for ma ture (near equi lib rium)
soils (Weaver, 1989, p. 106).

• Geo mor phol ogy and to pog ra phy are con stantly chang -
ing and ex ert, there fore, a con stantly chang ing in flu ence
on pedogenesis (Brady, 1974, p. 309).2

• The bi otic fac tor is strongly in flu enced by cli mate. Its in -
flu ence, though some times slight, may re sult in a great
cu mu la tive ef fect over vast pe ri ods of time (Paton, Hum -
phreys, and Mitch ell, 1995, pp. 33–86).

• Ground wa ter is a sec ond ary vari able largely de ter mined
by cli mate and to pog ra phy (Jenny, 1941, p. 92).

• Epigenesis is largely de ter mined by cli mate and to pog ra -
phy (Weaver, 1989, pp. 107,143). With much time avail -
able, many soils can be as sumed to be ma ture and
spe cific clay min er als (physils) can be as sumed to be
prod ucts of epigenesis (Selley, 1976, p. 55).

• Much time fa vors translocation of physils and ions, re -
sult ing in for ma tion of soil ho ri zons, in clud ing argillic
and cambic ho ri zons (Blatt, Middle ton, and Murray,
1972, p. 254).

• Highly leached soils, in both ex tent and mag ni tude, can
be ex pected when vast amounts of time have been avail -
able for soil for ma tion (Selley, 1976, p.55; Wil liams,
1969).

• While or ganic mat ter can rap idly reach equi lib rium in
soil, it can have a great ef fect on both leach ing and the
for ma tion of ho ri zons when great amounts of time are
avail able (Selley, 1976, p.54).

DGP Expectations
• Cli mate has ex erted its in flu ence on pedogenesis over a

rel a tively short pe riod of postdiluvian time. Cli mate
change has tended to be sig nif i cant, pos si bly ex po nen -
tial, damped si nu soi dal, or sto chas tic, and was likely
warmer and wet ter in early postdiluvian time than now
(Oard, 1990).

• Par ent ma te rial, ex ert ing the prin ci pal in flu ence at the
on set of pedogenesis, is likely to be much more im por -
tant than com monly per ceived by EGP ad her ents, and
may in clude strat i fi ca tion, ox i da tion, well de vel oped
weath er ing pro files, and ini tial physil con tent that can be 
falsely inferred as pedogenic.

• Geo mor phol ogy has prob a bly changed lit tle since the
De luge, and to pog ra phy may also have re mained con -
stant in many places. Their ef fect, there fore, has been a
rel a tively con stant mod i fy ing in flu ence on the cli ma tic
and other factors.

• The bi otic fac tor is strongly in flu enced by cli mate. Or -
ganic mat ter could be ex pected on much of the ground
sur face or in cor po rated into sed i ments at the be gin ning
of the postdiluvian pe riod (Scheven, 1996). A warmer,
wet ter cli mate would have en cour aged rapid growth of
plants (Buol et al., 1990) and both mi cro scopic (Brady,
1974, pp. 111–132) and mac ro scopic an i mals, ex pe dit -
ing soil formation.

• Ground wa ter could be ex pected to be gin as a max i -
mum, with sat u rated ground and a moist cli mate, ap -
proach ing mod ern lev els in re sponse to cli ma tic
changes, to pog ra phy and hydrogeologic (par ent ma te -
rial) properties.

• Rates of epigenesis may have been greatly af fected by sig -
nif i cant cli mate change, at mo spheric aero sols (Brady,
1974, p. 282; Oard, 1990), and car bon di ox ide lev els due
to de cay ing or ganic mat ter (Paton, Humphreys, and Mit -
ch ell, 1995, p. 17).

• With rel a tively lit tle time avail able, translocation of phy -
sils could be ex pected to be slight in some soils and a
non lin ear (pos si bly ex po nen tially de creas ing) func tion
with time.

• Highly leached soils, in both ex tent and mag ni tude,
would only be ex pected to re sult from ini tially leached
ma te rial (i.e. geo log i cal, not pedological, or i gin), ac cel -
er ated weath er ing in an en vi ron ment un like the cur rent
en vi ron ment, or more rapid ac tual rates of leach ing than
are com monly ex pected for the modern environment.

• Long pe ri ods of time for or ganic leach ing and bioturba -
tion would not be avail able. Thus, pedogenesis at trib -
uted to these pro cesses by EGP ad her ents may be
over stated, mod ern rates may be un der stated, or past
rates may have been sig nif i cantly higher dur ing times of
more fa vor able climate.
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2Geo mor phol ogy (large-scale land forms) and to pog ra phy
(lo cal scale) are con stantly be ing eroded, slope an gles be -
com ing re duced, etc. These changes oc cur over time.
Geo mor phol ogy, as prac ticed, is of ten fo cused on re con -
struct ing nat u ral his tory and re lies heavily on stra tig ra phy 
(Daniels, Gam ble, and Cady, 1971, p. 55). Stra tig ra phy,
as prac ticed, is gen er ally un sci en tific (Klevberg, 1999,
2000a, 2000b; Woodmorappe, 1999a).



Natural History Inferences
and the Five Environmental Factors

As sum ma rized in Ta ble I, ex pec ta tions of the be hav ior of 
the cli ma tic en vi ron men tal fac tor (¶2S/¶C¶t) dif fer
mark edly be tween the EGP and DGP. Based on a bib li -
cal view of earth his tory, cli mate would prob a bly de scribe 
a roughly ex po nen tial curve from ini tial con di tions at the
end of the De luge to cur rent “equi lib rium” con di tions
(rec og niz ing nor mal cli ma tic fluc tu a tions). This can be
ex pressed as ¶C/¶t¹0 (i.e. cli mate change oc curs) and
¶2C/¶t2¹0 (i.e. cli mate change is non lin ear). Ini tial cli -
ma tic con di tions (C0) would be de ter mined by long-term 
(equi lib rium) fac tors in the an te di lu vian and diluvian pe -
ri ods, and ini tial geo mor phol ogy (G0) and ini tial ocean
tem per a ture at the end of the De luge. Equi lib rium cli -
mate would be de pend ent on at mo spheric con di tions
(green house gases, vol ca nic aero sols, vari a tions in in so la -
tion) and changes in ter res trial con di tions (land sur face
cov er age by veg e ta tion, wa ter or ice.) The rate of change
of cli mate would there fore have been a func tion of ini tial

con di tions (in clud ing G0) and equi lib rium (long-term)
con di tions (in clud ing B). The DGP en vi sions rel a tively
warm, moist con di tions in early postdiluvian time (Oard,
1990), circumstances favorable to relatively high rates of
epigenesis, physical weathering, and leaching.

As sum ma rized in Ta ble II, ex pec ta tions of the im por -
tance of par ent ma te rial to soil for ma tion (¶2S/¶M¶t) and
na ture of the “ini tial” par ent ma te rial (M0) dif fer sig nif i -
cantly be tween the EGP and DGP. Ac cord ing to the
DGP, ini tial (t0 = end of the De luge) par ent ma te rial (M0)
would plainly be a re sult of the De luge. In ad di tion to
unweathered rock3, one would ex pect weath ered rock and
un con sol i dated sed i ments to have been com mon on the
sur face of the earth. It would, in fact, be ex pected that very
lit tle fresh bed rock would have been ex posed by the fi nal,
wan ing cur rents of the Flood wa ters. Thus, M0 may not be
as sumed to con sist solely of ho mo ge neous, unweathered
rock. Graded se quences of un con sol i dated sed i ments
would be ex pected from wan ing flows of sed i ment laden
cur rents. It may, there fore, be dif fi cult in some cases to dif -
fer en ti ate be tween ho ri zons re sult ing from diluvial sed i -
men ta tion pro cesses and bur ied soil ho ri zons or cer tain
pro files which may have re sulted from soil form ing pro -
cesses. Eluviation and illuviation would sug gest soil form -
ing pro cesses (not un equiv o cally, cf. Birkeland, 1974, p.
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Pa ram e ter EGP DGP
C Very im por tant to soil for ma tion; largely Very im por tant to soil for ma tion; largely de pend ent

 de pend ent on G and var i ous in de pend ent vari ables on C0, G and var i ous in de pend ent vari ables 
C0 On av er age, sim i lar to cur rent May have been sig nif i cantly warmer at end of De luge

¶C/¶t Grad ual os cil la tions over long pe ri ods of time Rapid change (ex po nen tial) fol low ing De luge
(¶C/¶t¹0)

¶2C/¶t2 Value small or zero Value may have been large fol low ing De luge
(¶2C/¶t2¹0), de creas ing with time

¶2S/¶C¶t A gen er ally lin ear (grad ual) change (soil for ma tion) A gen er ally ex po nen tial de crease in change (rate of
over vast pe ri ods of time soil for ma tion) since De luge

Ta ble I. Com par i son of Pa ram e ters: Cli ma tic En vi ron men tal Fac tor.

3A small amount of this may have been an te di lu vian, in
which case it would have been pre dom i nantly pri mor dial 
based on the bib li cal his tor i cal re cord.

Pa ram e ter EGP DGP
M Very im por tant to soil for ma tion; a com plex re sult Very im por tant to soil for ma tion; pri mar ily a re sult

of C, G and other vari ables of M0 mod i fied by C, G, B, W and other vari ables
M0 May be as sumed as ho mo ge neous and unweathered May have been het er o ge neous and con tained

weath ered ma te ri als al ready at end of De luge 
¶M/¶t Weath er ing oc curs (¶M/¶t¹0) and is im por tant Weath er ing oc curs (¶M/¶t¹0) and is im por tant

pro cess; it has pro ceeded over vast ages pro cess; it may oc cur or have oc curred more rap idly
than com monly be lieved

¶2M/¶t2  Value of ¶2M/¶t2 small or zero Value may have been large fol low ing De luge
(¶2M/¶t2¹0), de creas ing with time

¶2S/¶M¶t A gen er ally lin ear (grad ual) change in soil state A gen er ally ex po nen tial de crease in change (rate of 
(i.e. soil for ma tion) over vast pe ri ods of time soil for ma tion) since De luge (i.e. ¶2S/¶M¶t2<0)

Ta ble II. Com par i son of Pa ram e ters: Par ent Ma te rial En vi ron men tal Fac tor.



111), though these rates could also be ex pected to have
been higher in the past. Fresh vol ca nic ash would have
been abun dant im me di ately af ter the De luge and for some 
time there af ter (Oard, 1990;Whitcomb and Mor ris, 1961)
and may have been im por tant in the for ma tion of some
soils (in clud ing entisols and es pe cially andisols4). Both the 
EGP and DGP un der stand that the par ent ma te rial fac tor
is not static. If a tra di tional soil form ing fac tor def i ni tion is
used (¶S/¶M), both the EGP and DGP rec og nize that
¶M/¶t¹0, i.e. weath er ing oc curs. Some dis agree ment
may ex ist on the value of ¶M/¶t, es pe cially if es ti mates are
based on nat u ral his tory as sump tions (“dat ing” meth ods).
With our pre ferred def i ni tion of par ent ma te rial as an en vi -
ron men tal fac tor, the DGP cer tainly rec og nizes that
DM¹0, i.e. trans port into and out of the con trol vol ume
oc curs (in clud ing clays), and ad her ents of the EGP are in -
creas ingly rec og niz ing this also (Chadwick et al., 1994, p.
94; Daniels, Gam ble, and Cady, 1971, pp. 51–88;
Lavkulich, 1969, p. 28; Nettleton, Price, and Bow man,
1990, p. 152; Paton, Humphreys, and Mitch ell, 1995;
Simonson, 1959; Weaver, 1989 p. 182; Val en tine and Dal -
rym ple, 1976). In the DGP, we would ex pect ¶2M/¶t2¹0,
i.e. sediment transport rates would not have been constant.

As shown in Ta ble III, there ex ists a mix ture of agree -
ment and dis agree ment be tween the EGP and DGP on
the likely role of the geomorphic fac tor in soil for ma tion
dur ing earth his tory. Sub stan tial agree ment ex ists on the
small scale of lo cal to pog ra phy; sub stan tial dis agree ment
ex ists on the large scale of geo mor phol ogy. Un like the
EGP, which en vi sions vast changes in land scapes over vast
pe ri ods of time (DG>>G0), the DGP en vi sions only mi -

nor changes to the land scape dur ing the comparitively
brief span of postdiluvial time. The abative and dispersive
phases of the De luge (Walker, 1994) would have been pri -
mar ily re spon si ble for the pres ent land scape. Geomorphic
mod i fi ca tion by wind, ice and wa ter since the end of the
De luge would have been mi nor (DG<<G0). Most soils
can thus be ex pected to have formed in pretty much the
same geomorphic en vi ron ment as at pres ent on the large
scale, though sig nif i cant changes may have oc curred on
the small scale. Top o graphic changes have been pri mar ily
a func tion of cli mate (C) and par ent ma te rial (M), since
the pres ence of plants, an im por tant con sid er ation in slope 
sta bi li za tion, would largely de pend on cli mate and par ent
ma te rial. As a re sult,  ¶2G/ ¶t2¹0, i.e. rates of ero sion,
would have var ied in the past, in agree ment with the ob ser -
va tion that the rate of lat eral and ver ti cal trans port of earth
ma te ri als is gen er ally non lin ear. “Ero sion rates are roughly 
pro por tional to slope; other con di tions be ing equal, dou -
bling the an gle of slope in creases the loss of sed i ment by
about two and a half times. Dou bling the length of slopes
in creases the loss about one and a half times” (Hunt, 1972,
p. 51). Thus, other variables assumed constant, erosion
rates can be expected to slow as slope angles decrease.

As sum ma rized in Ta ble IV, ex pec ta tions of ef fects of
the bi otic fac tor over earth his tory dif fer be tween the EGP
and DGP. In gen eral, DGP ex pec ta tions in clude much
greater fluc tu a tions in the mag ni tude of ef fects to soil for -
ma tion in the past that en vi sioned by EGP ad her ents. At t0, 
or ganic mat ter (O0) can be ex pected to have been pres ent
in many lo ca tions as de bris left by the De luge (Gen e sis 8:
11, Holroyd, 1996; Oard, 1995a, 1995b; Sheven, 1996).
The DGP en vi sions rapid col o ni za tion of the de nuded
earth by plants (Gen e sis 8:11). Suc ces sions would prob a -
bly have oc curred rap idly at first, es pe cially with rapid
 climate change (i.e. ¶B/¶t¹0), slow ing in re sponse to de -
clin ing val ues of ¶C/¶t and ¶M/¶t (i.e. ¶2B/¶t2¹0). Since 
fresh wa ter is less dense than salt wa ter, ini tial salt con cen -
tra tions would not be ex pected to hin der plant growth in
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4Rapid for ma tion of entisols (soils lack ing dis tinct ho ri -
zons) and andisols (de rived from vol ca nic ma te rial) is of -
ten ac cepted in the EGP; how ever, vol ca nic ash may
have been im por tant in the for ma tion of other soils
(Froede, 1995, 1996; Ping, 2000, pp. 1262–1263; Selley,
1976, p. 57; Weaver, 1989, p. 154; Wil liams et al., 1998).

Pa ram e ter EGP DGP
G Im por tant to soil for ma tion; pri mar ily a func tion Im por tant to soil for ma tion; pri mar ily a func tion of

of C and M, sec ond arily B and W C, M and G0, sec ond arily B and W
G0 May have been vastly dif fer ent from pres ent Ge og ra phy at end of De luge prob a bly very sim i lar to

on both large and small scales pres ent
¶G/¶t Great changes have oc curred over vast pe ri ods of Large-scale geo mor phol ogy prob a bly has changed 

time (DG>>G0) very lit tle in postdiluvian time (DG<<G0 and ¶G/¶t
is small), though sig nif i cant lo cal (small-scale)
top o graphic changes may have oc curred

¶2G/¶t2 Value small or zero, es pe cially as long-term av er age Value de creas ing fol low ing De luge (¶2G/¶t2<0),
es pe cially with revegetation

¶2S/¶G¶t A gen er ally lin ear (grad ual) change (soil for ma tion) A gen er ally static vari able at large scale, ep i sodic at
over vast pe ri ods of time small scale

Ta ble III. Com par i son of Pa ram e ters: Geomorphic En vi ron men tal Fac tor.



most surficial diluvial de pos its. In ad di tion, abun dant
mois ture would have fa cil i tated leach ing of the salts from
the soils at a more rapid rate than at pres ent. Me te oric wa -
ter would have served to di lute salts. Treat ing re sid ual or -
ganic mat ter as a com po nent of M0, it is ev i dent that B is
pri mar ily a function of C (modified by G) and M, with W
dominating only in particular environments.

Ta ble V sum ma rizes the dif fer ent nat u ral his tory ex pec -
ta tions of the EGP and DGP rel a tive to soil form ing ef fects 
of ground wa ter. Ground wa ter can af fect pedogenesis
much more strongly than has typ i cally been ac knowl -
edged in the past (Twidale, 1990). Weath er ing may be
much more rapid than would be an tic i pated from cli mate
alone (Birkeland, 1984, p. 307). “If ap pre cia ble wa ter is
avail able, not nec es sar ily rain fall, and can move freely (re -
lief, po ros ity, per me abil ity) vir tu ally any rock or alu mi no -
sili cate min eral will al ter to ka olin-gibbsite-Fe ox ides
suite” (Weaver, 1989, p. 143). The EGP en vi sions grad ual
change as typ i cal of most en vi ron ments, so lit tle change in
ground wa ter hy drol ogy would be ex pected. The DGP en -

vi sions W0 as a max i mum at the end of the De luge. The
rate at which pres ent ground wa ter con di tions would be
reached would be de pend ent upon the hydrogeology of
the site (M) and cli mate, along with the in flu ence of
plants. Lo cally, to pog ra phy would ex ert a strong in flu ence
in driv ing W to ward its equi lib rium con di tion. In so far as
soil for ma tion was a func tion of ground water, the rate of
soil formation could be expected to follow this (generally)
declining curve.

Natural History Inferences and
the Four Soil-Forming Mechanisms

The changes that oc cur within the soil (i.e. the con trol
vol ume) can be cat e go rized as epigenesis, phys i cal wea -
th er ing, leach ing, and the ac cu mu la tion and ef fects of or -
ganic mat ter. As used here,¶2S/¶E/¶t re fers to the time
de riv a tive of change in soil state due to ef fects of epi -
genesis, i.e. min eral trans for ma tions due to chem i cal

104 Creation Research Society Quarterly

Pa ram e ter EGP DGP
B Im por tant to soil for ma tion, but a sec ond ary Im por tant to soil for ma tion, but a sec ond ary vari able, 

vari able, i.e. B is highly de pend ent on C and M, i.e. B is highly de pend ent on C and M, also de pend-
also de pend ent on G, lo cally W ent on G, lo cally W

B0 On av er age, sim i lar to pres ent May have been sig nif i cant amounts of or ganic mat ter
in cor po rated into O0 at end of De luge 

¶B/¶t No sig nif i cant global trend with time, but lo cal Rapid change (ex po nen tial) fol low ing De luge
changes over long pe ri ods could be great due to (¶B/¶t¹0), es pe cially revegetation; mi cro bial ac tiv ity
cli mate change, etc. prob a bly op ti mized at end of De luge

¶2B/¶t2 Value small or zero Value may have been large fol low ing De luge
(¶2B/¶t2>0), de creas ing with time (¶2B/¶t2<0)

¶2S/¶B¶t A gen er ally lin ear (grad ual) change in soil state Soil for ma tion likely to be a com plex, sto chas tic
(i.e. soil for ma tion) over vast pe ri ods of time re sponse to bi o logic mech a nism due to num ber of

vari ables

Ta ble IV. Com par i son of Pa ram e ters: Bi otic En vi ron men tal Fac tor.

Pa ram e ter EGP DGP
W Lo cally im por tant to soil for ma tion, but a sec ond ary Lo cally im por tant to soil for ma tion, but a sec ond ary

vari able, i.e. W is highly de pend ent on C, M, and vari able, i.e. W is highly de pend ent on C, M, and G,
G, less so on B less so on B

W0 May have been less or more than at pres ent due to Ex pected to be a max i mum in most cases immedi- 
changes in C and G over vast pe ri ods of time. ately fol low ing De luge

¶W/¶t Grad ual changes ex pected lo cally over long pe ri ods In most cases, ex pected to fall rel a tively rap idly (rate
due to changes in C and G de pend ent on M) fol low ing De luge (¶W/¶t<0),

driven to ward equi lib rium by C and G with lesser
in flu ence by B

¶2W/¶t2 Value small or zero Value may have been large fol low ing De luge
(¶2W/¶t2<0), de creas ing with time (¶2W/¶t2»0)

¶2S/¶W¶t Changes in wa ter ta ble likely to have been mi nor Many soils may have ex pe ri enced higher wa ter ta ble 
or grad ual for most soils or soil mois ture in past

Ta ble V. Com par i son of Pa ram e ters: Ground Wa ter En vi ron men tal Fac tor.



weath er ing, in clud ing leach ing and the ef fects of or ganic
com pounds. Ta ble VI sum ma rizes the dif fer ences be -
tween the EGP and DGP views of the epigenetic soil
forming mechanism.

The EGP has the lux ury of per mit ting ei ther rapid or
slow for ma tion of min er als through al ter ation of par ent
ma te rial, but the uniformitarian bias gen er ally pre vents
this in prac tice. “Clay-min eral for ma tion and trans for ma -
tion in the soil is a slow pro cess” (Birkeland, 1974, p. 247),
a pro cess of ten be lieved to re quire hun dreds of thou sands
of years (Birkeland, 1984, p. 221). There is lit tle in cen tive
within the EGP to con sider the pos si bil ity of rel a tively
rapid epigenetic path ways, though some within the EGP
are now be gin ning to rec og nize the pos si bil ity of spe cific
physils or groups of physils in par ent ma te rial rather than
as solely the prod ucts of min eral transformation (Weaver,
1989, pp. 154–182). 

Al though much ef fort has been ex erted in de ter min ing
epigenetic path ways in re sponse to cli mate, many physils
iden ti fied in North Amer i can soils ap pear to be in her ited
from par ent ma te rial un re lated to subjacent regolith
(Hunt, 1972, p. 272). Weaver (1989, p.188) shows that
EGP pre dic tions do not match physil suites. “Again, the
par ent ma te rial helps de ter mine the kind of clay that forms 
through avail abil ity and kind of bases” (Birkeland, 1974, p. 
142). Nettleton, Price, and Bow man (1990,p. 152) found
that “The clays[in Redlands and Witt aridisols] ap pear to
be in her ited from the par ent ma te rial, or have ac cu mu -
lated from sub se quent dust, be cause the pri mary sand and
silt grains, ex cept for bi o tite, are only slightly weath ered.”
Physil ag gre gates may be de pos ited in high en ergy en vi -
ron ments where clay de po si tion would not nor mally be
 expected (Weaver, 1989, p. 116). Physils con sid ered in dic -
a tive of cli mate, e.g. mont mo ril lo nite, can form from a va -
ri ety of par ent ma te ri als (Weaver, 1989, p. 155) and can be
found in var i ous epimorphic combinations (Paton, Hum -
phreys, and Mitchell, 1995, pp. 24–27).

In ferred rates of epigenesis are of ten de cid edly bi ased
by EGP pre sup po si tions and “ab so lute dates” (Chadwick
et al., 1994; Colman and Dethier, 1986; Dahms et al.,
1997; Hall and Shroba, 1993; Leighton and MacClintock,
1962; Locke, 1986; Mahaney and Halvorson, 1986;
Nahon, 1986; Tay lor and Blum, 1995). EGP as sump tions
have long re sulted in dis pa rate, in con clu sive, or in cor rect

es ti mates for epigenetic rates (Foss and Segovia, 1990;
Grandstaff, 1986; Hall and Mar tin, 1986; Neall and
Paintin, 1986), a fact even EGP ad her ents have rec og -
nized in some cases (Lowe, 1986; Paton, Humphreys, and
Mitch ell, 1995; White, Benson, and Lee, 1986) and that
Jenny doc u mented (1941, pp. 35–44) with rapid soil for -
ma tion on Kamenetz For tress in Ukraine (12 inches in
230 years), vol ca nic soils, sand dunes, and the work of Miss 
Shreckenthall on mo raines in the Alps in the late 1800’s.
Epigenesis is par tic u larly rapid in trop i cal entisols, and
car bon ates may form rap idly enough to clog drain pipes
(Hunt, 1972, pp. 45,46). Neg li gi ble var nish has formed at
ar chae o log i cal sites in the Amer i can South west since pue -
b los dated A.D. 1, yet it has been ob served to have formed
in rail road cuts and tun nels. The ap par ent nec es sary con -
di tion is the pres ence of wa ter (Hunt, 1972, pp. 158–160).
Thus, rates of epigenesis may be eas ily underestimated and 
requisite time for soil formation overestimated.

Ev i dence of sig nif i cant epigenesis (physil de vel op -
ment) in even the harsh en vi ron ment of Antarctica has
been ob served on mo raines be lieved to be only 17,000 to
21,000 years old ac cord ing to the EGP (Ugolini, 1986).
Much faster rates could ob vi ously be an tic i pated for more
tem per ate cli mates, es pe cially where hu mid con di tions
ex ist. Lowe (1986, pp. 268–270) noted that the 10,000 to
15,000 years gen er ally be lieved nec es sary for the trans for -
ma tion of vol ca nic glass and feld spar to halloysite via al lo -
phane was in sig nif i cant con flict with the stra tig ra phy of
New Zea land tephras. “This im plies that tephra com po si -
tion and site weath er ing con di tions fre quently may have
been un der es ti mated in fa vor of the as sumed tephra age-
based weath er ing se quence” (p. 270; em pha sis ours). Hal -
loy site (the end prod uct of this se quence) has been ob -
served to form in 300 to 4,000 years in the hu mid trop ics
(Lowe, 1986, p. 270). Depth of burial can sig nif i cantly af -
fect the rate of epigenesis (Lowe, 1986, p. 279). “The types
and rates of for ma tion and trans for ma tion of clay min er als
de rived from tephra de pos its of acid to in ter me di ate com -
po si tion are de ter mined chiefly by macro- and mi cro-en vi -
ron men tal fac tors to gether with the min er al og i cal and
physicochemical com po si tion of the par ent de pos its. The
length of time of weath er ing in clay min eral gen e sis is in di -
rect and sub or di nate in its ef fect, in that weath er ing rates,
and weath er ing prod ucts and their al ter ation, are largely
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Pa ram e ter EGP DGP
Epigenetic ¶2S/¶E¶t Gen er ally as sumed to oc cur grad u ally in re sponse to cli ma tic fac tor
Mech a nism May have oc curred rap idly in re sponse to vary ing cli mate and other en vi ron men tal fac tors

Ini tial E0 Of ten as sumed to be zero (i.e. sta ble physils de rived from par ent ma te rial by epigenesis)
Epigenetic May be sig nif i cant amount of in her ited physils

State

Ta ble VI. Com par i son of Pa ram e ters: Epigenetic Soil Form ing Mech a nism.



dic tated by other con trols” (Lowe, 1986, p. 281; em pha sis
ours). Sup posed in ter me di ate spe cies (e.g. al lo phane, imo -
go lite) may per sist, and supposed end products (e.g. hal -
loysite, gibbsite) may form directly from tephra. These
minerals can co-exist and often do (Lowe, 1986, p. 284)

Lowe’s as ser tions are sub stan ti ated by the work of King
(1986), who found lit tle cor re la tion be tween ex pected
epigenetic prod ucts and a strati graphic se quence of ash de -
pos its in Can ada. Sur pris ingly rapid epigenesis has been
ob served in ash from the 1980 erup tion of Mount St. Hel -
ens (White, Benton, and Yee, 1986), with a rap idly de clin -
ing rate of epigenesis at trib uted to a change from the ini tial 
dom i na tion of hy dro chlo ric, ni tric, and sul fu ric ac ids to
dom i na tion by the much weaker car bonic acid. Chlo ride
and sul fate were leached within three months of ash de po -
si tion (White, Benton, and Yee, 1986, p. 372). While
many EGP pedologists will agree that andisols can form
rap idly, many of these epigenetic path ways are sim i lar to
those inferred for other soil orders.

“The rate of chem i cal weath er ing of geo logic ma te ri als
de pends on the chem is try of weath er ing flu ids and on the
na ture of re ac tions at min eral sur faces” (Colman and
Dethier, 1986, p. 5). Growth of new min eral phases as
epigenesis pro gresses in min eral crys tal de fects may en -
large these con duits, ac cel er at ing weath er ing, or oc clude
these pas sages, de pend ing on the sec ond ary min eral spe -
cies (Eggleton, 1986). Weath er ing rinds with depth may
re sult from vari a tions in the rate of weath er ing, not the
amount of time since de po si tion, since weath er ing in the
shal low subsurface is gen er ally greater than ei ther surficial
weath er ing or weath er ing at depth (Twidale, 1990, p. 36).
Weath er ing rinds are prob a bly more in dic a tive of soil
mois ture than age (Twidale, 1990, p. 30). Oxisol for ma -
tion ap pears to be greatly af fected by lat eral soil mois ture
move ment, re sult ing in seg re ga tion of alu mi num, mag ne -
sium, and iron, and pos si bly the for ma tion of stone lines
(Birkeland, 1974, pp. 193, 194). Or ganic mat ter and com -
pounds can greatly ac cel er ate chem i cal weath er ing in the
solum (Birkeland, 1984, p. 75; Brady, 1974, p. 310; Paton,
Humphreys, and Mitch ell, 1995, p. 17; Ruhe, 1975, p.
27). The DGP en vi sions con di tions generally more

condu cive to epigenesis during the early postdiluvian
period than at present.

As used here, ¶2S/¶P¶t re fers to the time de riv a tive of
change in soil state due to ef fects of phys i cal weath er ing,
in clud ing both break down of in di vid ual rock and min eral
grains, and translocation of soil par ti cles (i.e. par ti cle
move ment within the con trol vol ume). Ta ble VII sum ma -
rizes the dif fer ences be tween the EGP and DGP views of
the phys i cal weath er ing soil forming mechanism.

Me chan i cal break down of rocks can oc cur as a re sult of
phys i cal and ther mal stresses. Al though tem per a ture fluc -
tu a tions in them selves are prob a bly a neg li gi ble fac tor
(Birkeland, 1974, p. 59), ice lenses that form in soil at tract
wa ter and grow, of ten in duc ing sig nif i cant stresses (Hunt,
1972, p. 94). Salts, clays, and plants can also in duce sig nif i -
cant phys i cal stresses (Birkeland, 1974, p. 59). As min eral
grains are bro ken down, re sul tant fine par ti cles can be
trans ported into the sub soil as sus pended or dissolved load
as leaching occurs.

Ev i dence of phys i cal weath er ing can be equiv o cal.
Grus de vel op ment to great depth has been ob served in arid 
cli mates, in di cat ing chem i cal weath er ing rather than
phys i cal weath er ing, con trary to com mon be lief (Birke -
land, 1974, pp. 73–75). This may also in di cate a wet ter cli -
mate in these re gions in the past. Pat terned ground may be
formed by pro cesses other than freeze-thaw (Ruhe, 1975,
pp. 208, 209). Stone lines may be formed pedogenically
(Paton, Humphreys, and Mitch ell, 1995, p. 84–86) or by
creep, but of ten rounded or ex otic clasts are pres ent that
nei ther pro cess ex plains, thus in di cat ing an un con formity
(Ruhe, 1975, pp. 127-129). Tephra ac cu mu la tion over a’a
(a very rough-tex tured lava com mon in Ha waii, where
Chadwick et al. con ducted their study) pro duces ho ri zons
free of rock frag ments over ly ing the a’a (Chadwick et al.,
1994, p. 98), a pro file that could be mis in ter preted as ev i -
dence of phys i cal weath er ing. “Be cause cu mu la tive soils
have par ent ma te rial con tin u ously added to their sur faces,
their fea tures are partly sedimentologic and partly
pedogenic. In a soil study, there fore, it is im por tant that
sedimentologic features are not ascribed to pedogenesis”
(Birkeland, 1984, p. 185).
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Pa ram e ter EGP DGP
Phys i cal ¶2S/¶P¶t Rates of me chan i cal break down Rates of me chan i cal break down of par ti cles and trans-

Weathering of par ti cles and translocation in lo ca tion may be rel a tively rapid, may have var ied in the
Mech a nism solum typ i cally slow—sim i lar to past and may be more ex po nen tial than lin ear in

mod ern rates–and of ten as sumed re sponse to build-up of re sult ing sub stances
to be lin ear  

Ini tial P0 Of ten as sumed to be vir tu ally May have been sub stan tial at end of the De luge
Phys i cal zero

Weath er ing

Ta ble VII. Com par i son of Pa ram e ters: Phys i cal Weath er ing Soil Form ing Mech a nism.



For ma tion of an argillic ho ri zon by translocation of
clay-size par ti cles is one of the most im por tant pro cesses in
soil pro file de vel op ment for many soils. It is not pos si ble to
dis tin guish be tween clay translocated via sus pen sion (P) or 
so lu tion (L), and es tab lish ing that translocation of clay-
size par ti cles has oc curred in a soil pro file can be very dif fi -
cult (Birkeland, 1974, p. 111). Argillic ho ri zons are some -
times ob served where they would not be ex pected, e.g. in
aridisols. “Prom i nent argillic ho ri zons oc cur only in soils
[Redlands and Witt aridisols] that formed pri mar ily dur ing 
the Pleis to cene and hence are largely rel ict,”  yet many fac -
tors would tend to rap idly de stroy these fea tures, not pre -
serve them (Gile and Grossman, 1968, pp. 14, 15). This
sug gests that they may be rel a tively young. “Ex pres sion of
the argillic ho ri zon is re lated to soil age but not as closely
as the ho ri zon of car bon ate ac cu mu la tion” (Gile and
Gross man, 1968, p. 15)5. Weaver (1989, p. 115) states,
“The time fac tor [re: clay translocation] has been dif fi cult
to quan tify.” Data are needed on clay translocation rates
and the ef fects of ae olian clay and silt on B ho ri zon de vel -
op ment in tex ture-con trast soils (Boardman, 1985, p. 72).
Sesquioxide con cen tra tions some times ex ceed what may
be ex pected from par ent ma te rial, in di cat ing trans port, but 
ses qui ox ides, car bon ates, elec tro lytes, and pos i tively
charged coloids also in hibit clay mi gra tion, and above ap -
prox i mately 20 to 40 per cent clay con tent (de pend ing on
physil spe cies), clay translocation may vir tu ally cease
(Birkeland, 1974, pp. 111–114; Blatt, Middle ton, and
Murray, 1972, p. 254). Thus, mod ern rates may dif fer sub -
stan tially from rates in the past, of ten be ing much lower.
Based on ar chae o log i cal ev i dence, clay translocation in
alfisols can readily occur in fewer than three thousand
years, and lateral ground water movement may be impor -
tant in translocation (Fisher, 1983).

As used here, ¶2S/¶L¶t re fers to the time de riv a tive of
change in soil state due to ef fects of leach ing of ions from
the solum by me te oric wa ter. Ta ble VIII sum ma rizes the
dif fer ences be tween the EGP and DGP views of the leach -
ing soil form ing mechanism.

Leach ing is largely a func tion of cli mate, be ing de pend -
ent on the avail abil ity of ex cess mois ture to pro vide free wa -
ter for trans port of ions from the solum (Locke, 1986). “The
most ac tive agency in soil-pro file for ma tion is per co lat ing
wa ter” (Jenny, 1941, p. 47). White and Blum (1995) found
that SiO2 and Na weath er ing fol lowed a lin ear func tion of

pre cip i ta tion and an Arrhenius tem per a ture func tion (ex po -
nen tial). No cli ma tic cor re la tion was ob served in leach ing
of K, Ca, or Mg. Grandstaff (1986) found an Arrhenius re la -
tion to tem per a ture and pro por tion al ity to free ligand con -
cen tra tion for ol iv ine weath er ing in Ha wai ian beach sand.
The im por tance of ex cess soil wa ter has been es tab lished in
mod ern en vi ron ments. Chadwick et al. (1994, p. 102), in a
Ha wai ian study, noted, “Long term rates of desilication in -
crease by nearly an or der of mag ni tude as time-weighted
me dian rain fall in creases from 20 to 350 cm. Long term
rates of base ac tion leaching increase by about a factor of
about 4 over the same rainfall gradient.”

As pointed out by Chadwick et al. (1994 p. 94), “All re -
gional and global es ti mates of chem i cal weath er ing are de -
rived from dis solved load out put from Earth’s ma jor river
sys tems.” Thus, com mon es ti mates for the rate of past soil
for ma tion are au to mat i cally uniformitarian, as sum ing cur -
rent con di tions as anal o gous to past con di tions. Tay lor and 
Blum (1995) de rived sil i cate weath er ing rates by means of
“known” ages, the re sult be ing 3.4 times faster than es ti -
mates based on stream flows. Yet pres ent rates are con sid -
er ably in ex cess of rates ex pected from the “known” ages of
the mo raines in their study, an ob ser va tion that might be
ex pected by diluvialists. Dahms et al. (1997) point out that
Tay lor and Blum erred to as sume a closed sys tem and that
their re ported pre ci sion in es ti mat ing weath er ing rates is
im pos si ble. Sim i lar ef forts based on “known ages” have
been made by Hall and Mar tin (1986), Locke (1986),
Mahaney and Halvorson (1986), and oth ers. Since dilu -
vial ists would ex pect a higher tem per a ture and pre cip i ta -
tion re gime im me di ately af ter the De luge (Oard, 1990),
sig nif i cantly higher rates of leach ing could be ex pected in
many parts of the world, with the rates de clin ing there af ter
to mod ern val ues. Dis crep an cies be tween cur rent rates of
leach ing and those an tic i pated based on EGP sce nar ios
may be ex pected. “Tex ture in flu ences the rate and depth
of leach ing, and this is re lated to many soil prop er ties”
(Birkeland, 1974, p. 142). Just translocation within the
solum to form an argillic ho ri zon (¶2S/¶P¶t) could be ex -
pected to re duce soil per me abil ity by a cou ple or ders of
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5Birkeland (1974, p. 170) notes that the mod ern CaCO3
in flux to aridisols sim i lar to those stud ied by Gile and
Grossman is too low to ex plain ob served con cen tra tions
even with the ages as cribed to them by the EGP.

Pa ram e ter EGP DGP
Leach ing ¶2S/¶L¶t Rate largely de ter mined by cli mate, Rate largely de ter mined by cli mate, which may

Mech a nism of ten as sumed sim i lar to pres ent have been some what warmer and much moister
than pres ent

Ini tial L0 Of ten as sumed to be zero May have been quite high at end of De luge
Leach ing

Ta ble VIII. Com par i son of Pa ram e ters: Leach ing Soil Form ing Mech a nisms.



mag ni tude, sug gest ing that leach ing of the A ho ri zon may
have been less and of the B ho ri zon more in the past for
many ultisols and alfisols. For ex am ple, a poorly graded
(well sorted) sand may have a per me abil ity of 10–2 cm/sec,
but if silt or clay par ti cles oc cupy many of the pore spaces
be tween sand grains, the per me abil ity may be re duced to
10–4 cm/sec. For ma tion of laminae in petrocalcic ho ri -
zons may have been slow or rapid—data are in suf fi cient
(Daniels, Gam ble, and Cady, 1971, p. 75, em pha sis ours).
The nat u ral his tory sce nario of the DGP pre dicts that
many soils would have ex pe ri enced rapid ini tial leach ing
of already weathered parent material, with the rate of
leaching declining in response to drier climates and, in
some cases, decreasing permeability of the solum.

As used here, ¶2S/¶O¶t re fers to the time de riv a tive of
change in soil state due to ef fects of or ganic mat ter pres ent
in the soil. Ta ble IX sum ma rizes the dif fer ences be tween
the EGP and DGP views of the or ganic mat ter soil form -
ing mechanism.

“Or ganic mat ter prob a bly reaches a steady state more
rap idly than any other prop erty of the soil,” states Birke land
(1984, p. 203), “Nev er the less, these and other data sug gest
that the time to achieve steady state may range from as lit tle
as 200 years to per haps 10,000 years.” Or ganic mat ter as an
ar gu ment for long times of for ma tion hinges pri mar ily on
quan tity, es pe cially the amount of time re quired to form the 
ex ten sive peat bogs in some parts of the world. Or ganic mat -
ter has been used in at tempts to date de pos its us ing ra dio car -
bon (14C) dat ing. Ef fects of or ganic mat ter on soil for ma tion 
are also im por tant, since or ganic mat ter can strongly in flu -
ence the rate of formation of mineral soils.

The ques tion of or ganic mat ter ac cu mu la tion and time
of for ma tion may be il lus trated by re turn ing to our Leteen -
suo Peat Bog ex am ple (Klevberg and Bandy, 2003, p. 256). 
As sum ing no ini tial or ganic mat ter (O0 = 0) and an ex po -
nen tial de cline in peat ac cre tion from the ini tial max i -
mum rate of Retallack (1990, p. 271) of 20 cm/year to 0.5
mm/year within the space of four mil len nia of postdiluvial
time re sults in the following equation:

h = 200 e –0.001 5t (1)

where h is net an nual peat ac cu mu la tion in mil li me ters
and t is time in years since the De luge.

To tal peat ac cre tion, H, can there fore be cal cu lated for
any time pe riod to the pres ent:

H = ò 200 e –0.001 5t dt (2)

This sce nario re sults in to tal peat ac cre tion of 133 m in
4,000 years! This is greatly in ex cess of com monly
 observed histosol thick nesses, and at an av er age rate of ac -
cu mu la tion much less than Retallack’s “max i mum con -
ceiv able rate.” Us ing Equa tion (2), the time re quired to
form the Leteensuo Peat Bog would have been ap prox i -
mately 2,300 years with an ini tial (max i mum) rate of 15.5
mm/year, roughly 8% of Retallack’s “max i mum con ceiv -
able rate.” Even as sum ing a con stant rate of for ma tion of
2.5 mm/year and no ini tial or ganic mat ter, the Leteensuo
Peat Bog could have formed in 4,000 years. Ac cord ing to
the DGP, O0 was very likely non zero. The ra pid ity with
which histosols, can form, even in mod ern en vi ron ments,
is il lus trated by a 175 mm thick histic epipedon con sti tut -
ing part of a mucky soil 735 mm thick (a na scent histosol)
formed north west of Augusta, Montana, in eighty years
(Fig ures 2 and 3) since the com mence ment of ir ri ga tion.
This is a good, though not ideal, site for histosol formation.

It may be ar gued that histosol for ma tion is de pend ent
on a nar row range of con di tions which change over time,
prin ci pally the po si tion of the wa ter ta ble rel a tive to the
ground sur face, and that av er age rates of net an nual peat
ac cu mu la tion of much less than 1 mm/year are pos si ble
(Hunt, 1972, p. 161). How ever, this as ser tion de volves to a
sim ple state ment of the need for a site-spe cific hydro -
geologic study, which in some cases may in di cate that the
wa ter ta ble prob a bly rose con cur rently with ad di tion of or -
ganic mat ter (we here in clude the or ganic ma te rial as a
“geo logic ma te rial” for the study of ground wa ter hy drol -
ogy—ob vi ous hydrogeologist bias!). That many peat de -
pos its in clude allochthonous or ganic mat ter (i.e. O0 > 0) is 
in di cated by the pres ence of cal cite and do lo mite nod ules
in some de pos its in com pat i ble with modern swamp
environ ments (Retallack, 1990, p. 411).

Ra dio car bon dat ing has been at tempted in many stud -
ies of or ganic-rich soils, but it is dif fi cult at best due to the
mo bil ity of car bon (Weaver, 1989, p. 106) and mix ing with 
“old” car bon in the many soils con tain ing car bon ates
(Ruhe, 1975, p. 226). At tempts to con strain weath er ing
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Mechanism slightly more fa vor able for histosol than pres ent, pos si bly cooler at end of postdiluvial
for ma tion dur ing or af ter ice ages ice age

Ini tial O0 Of ten as sumed to be zero in May have been considerable at end of De luge
Or ganic par ent material
Mat ter

Ta ble IX. Com par i son of Pa ram e ters: Or ganic Matter Soil Form ing Mech a nisms.



rate es ti mates us ing ra dio car bon dat ing can pro duce scat -
tered data with no ev i dent trend (Neall and Paintin, 1986). 
Fal la cies in her ent in the “dat ing” method it self have been
doc u mented else where (Whitelaw, 1993; Woodmorappe,
1979; 1999b).

Some have ar gued that soils would have been ster ile in
early postdiluvian time (Har ding, 2001), but this is most
cer tainly not the case. Al though some plants can tol er ate
soil lack ing or ganic mat ter, hu mus de vel op ment greatly
in creases the suit abil ity of a soil to sup port plant life
(Brady, 1974). Al though much of the enor mous an te di lu -
vian bio mass no doubt ended up as coal, oil, nat u ral gas,
and carbononiferous and kerygenous mat ter (Wood mo -
rappe, 1993), cer tainly some of this or ganic mat ter would
have been in cor po rated into surficial sed i ments, of ten on
top of them (Holroyd, 1996). At least in some lo cales, such
or ganic ma te rial can be ex pected to have been abun dant at 
the end of the De luge. This would readily de cay in the
warm, hu mid con di tions ex pected to pre vail at that time,
re sult ing in rapid for ma tion of hu mus. Hu mus and other
prod ucts of the de cay of or ganic mat ter re sult in greatly ac -
cel er ated epigenesis (Birkeland, 1984; Brady, 1974; Paton, 
Humphreys, and Mitchell, 1995).

Traditional Views in Light of Modern Data

Data ob tained over a cen tury of pedologic re search have
not sub stan ti ated the pop u lar con cep tions of the EGP. In -
stead, the com plex ity of pedogenesis has be come more ap -
par ent, and at tempts to in fer times of for ma tion for var i ous
soils based on “ma tu rity” have been aban doned. More re -
fined dat ing at tempts have suf fered from cir cu lar rea son ing
and the com plex in ter de pen dence of as sump tions un der -

gird ing so-called “in de pend ent” meth ods within the EGP
(Klevberg, 2000b, p. 95; Thomp son and Berglund, 1976).
Since most ques tions in pedogenesis are his tor i cal, not sci -
en tific, con clu sions must be based on his tor i cal re cords or
nat u ral his tory as sump tions. In most cases, the as sumed his -
tory of the DGP would en hance rates of soil-form ing mech -
a nisms, while many es ti mates based on EGP as sump tions
ac tu ally pro duce rates lower than those observed operating
today. These differences are displayed in Table X.

Based solely on the as sumed earth his tory of each geo -
logic par a digm, very dif fer ent ex pec ta tions for rates of soil
for ma tion are gen er ated. These are sum ma rized below:

Cli mate: Cli mate change is now widely ac knowl edged
(Birkeland, 1984; Hunt, 1972; Lavkulich, 1969.) Ev i dence 
for wet ter cli mates in the past is com mon (Hunt, 1972, p.
158; Oard, 1990, p. 78).

Par ent Ma te rial: Par ent ma te rial has been rec og nized as
re spon si ble for some fea tures for merly ex pected to be dom i -
nated by cli mate (Birkeland, 1984, pp. 177–189; Paton,
Humphreys, and Mitch ell, 1995), though what con sti tutes
“par ent ma te rial” re mains a mat ter of de bate. Diluvialists
will rec og nize the like li hood of weath ered, some times strat -
i fied, and of ten physil-rich parent ma terial.

Geo mor phol ogy: Geo mor phol ogy and to pog ra phy
con sti tute a mod i fy ing fac tor. EGP ad vo cates place a
greater em pha sis on geomorphic changes than do dilu -
vial ists.

Or gan isms: The abil ity of or gan isms to fa cil i tate epi -
genesis has come to be rec og nized (Ruhe, 1975, p. 27), as
has the sig nif i cance of bioturbation (Paton, Humphreys,
and Mitch ell, 1995, pp. 33–78).

Ground Wa ter: Ground wa ter, in both the sat u rated and 
vadose zones, is now be ing rec og nized as far more im por -
tant than many had pre vi ously be lieved (Twidale, 1990).
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In gen eral, the DGP en vi sions ef fects of en vi ron men tal
fac tors on pedogenesis re sult ing in sig nif i cantly higher
rates than the EGP, par tic u larly in the past. These ex pec ta -
tions are com pat i ble with cli ma tic and mineralogic data.

Epigenesis: Epigenetic path ways may be mul ti ple and
com plex and rep re sent ther mo dy namic sys tems (Lavku -
lich, 1969). EGP es ti mates based on “known” ages (in -
clud ing ra dio met ric dates) are of ten lower than mod ern
mea sured rates. Mod ern rates are of ten much less than
rates ex pected by DGP ad her ents for past soil formation.

Phys i cal Weath er ing: Some weath er ing pro cesses
thought to be phys i cal may be chem i cal and more rapid
than had been sup posed. Ob served re la tion ships be tween
clay par ti cles and other soil sub stances in di cates that trans -
location is a gen er ally non lin ear and di min ish ing func tion 
with time. Translocation is known from ar chae o log i cal ev -
i dence to oc cur within a few centuries or millennia.

Leach ing: Many fac tors af fect leach ing rates. Mea sured
rates of chem i cal weath er ing have ex ceeded rates ex pected 
based on EGP as sump tions. Diluvialists not only ex pect
past rates of leach ing to have gen er ally been higher than
cur rent val ues, but also ex pect ini tial par ent ma te rial to
have been weath ered in many cases, mak ing dis tinc tion
be tween ini tial weath er ing pro files and sub se quent leach -
ing difficult in many soils.

Or ganic Mat ter: Rates of or ganic mat ter ac cu mu la tion
in mod ern en vi ron ments can ex plain deep ac cu mu la tions
of peat within only a few thou sand years, much less time
than the EGP en vi sions since the last ice age. DGP ad her -

ents would ex pect some ini tial or ganic mat ter in many
histosols, fur ther re duc ing the time re quired for histosol
for ma tion. Ra dio car bon “dat ing” is fraught with problems.

In gen eral, the DGP en vi sions rates of soil-form ing
mech a nisms de clin ing from an ini tial max i mum for many
soils. These ex pec ta tions are more com pat i ble with ob -
served rates than some EGP pre dic tions, which are ac tu -
ally less than mea sured rates. Non zero ini tial val ues,
an tic i pated by the DGP, would fur ther re duce the req ui -
site time to reach the cur rent state of soil de vel op ment.
Some pro files prob a bly could not have been pre served for the 
length of time envisioned by the EGP.

Pedogenesis and the Question of Time

Much of the in for ma tion pre sented above has been pro -
duced since we grad u ated from col lege. We shall now re -
eval u ate ar gu ments for long ages of soil for ma tion that we
for merly found quite convincing.

Oxisols

Oxisols are prom i nent for their lack of ho ri zons and rel a -
tive en rich ment in alu mi num and iron hy drox ides. This
can readily re sult from pro longed, in tense leach ing in a
trop i cal cli mate, as is com monly as serted by EGP pedo -
logists. Oxisols, par tic u larly acrorthox, ap pear to pro vide
strong ev i dence for an an cient earth. Many kaolinite and
baux ite de pos its are believed to be relict oxisols.

How ever, Boardman (1985, p. 71) points out prob lems
in cor re lat ing soil red ness with am bi ent tem per a tures. Es -
ti mates of acrorthox for ma tion from both gra nitic and
ultra mafic rocks are less than 50 mm per thou sand years
(Nahon, 1986, p. 171). How ever, not only is this lin ear as -
sump tion sus pect, but many of these soils are ac knowl -
edged to be rel ict (Nahon, 1986, pp. 184–186). Rates of
for ma tion are largely based on ra dio met ric dat ing of as so -
ci ated volcanics (Nahon, 1986), an in fer ence rife with
faulty as sump tions and readily dis cred ited (Aus tin, 1992;
1994; 1996; Aus tin and Snelling, 1998; Woodmorappe,
1979; 1999a; 1999b). This is yet an other ex am ple of the
fact that the past is the key to the pres ent, not vice versa.

Retallack (1990, p. 343) rec og nizes, “Alu mina en rich -
ment can be caused both by hy dro ther mal al ter ation and
by weath er ing, so that care must be taken in in ter pret ing
alu minous rocks [baux ite] in highly de formed and very
an cient ter ranes.” Yet he (Retallack, 1990, p. 344) goes
on to as sert that kaolinite “. . . has per sisted in these
 profiles de spite sub se quent diagenetic al ter ation, ” an as -
ser tion clearly in volv ing his toric, nonscientific pre sup po -
si tions. Selley (1976, p. 62) notes three sources of or i gin:
1) hy dro ther mal al ter ation of feld spars, 2) in tense weath -
er ing of di verse rocks, and 3) trans port and de po si tion.
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En vi ron men tal Fac tors2

Soil-Form ing
Mech a nism3 C M G B W

E + + NA + +
P + + 0 – +
L + NA 0 + +*
O + +* NA +/– NA

Ta ble X. Com par i son of Ex pected Rates of Soil For ma -
tion (DGP/EGP1).

1Qual i ta tive com par i son of DGP to EGP: + = soil for -
ma tion due to in di cated re la tion ship more rapid in
DGP sce nario than EGP sce nario; – =  soil for ma tion ex -
pected to be more ex ten sive in EGP than DGP; 0 = de -
gree of ex pected soil for ma tion sim i lar in DGP and
EGP; NA =  re la tion ship be tween in di cated fac tors not
ap par ent or deemed mi nor.
2En vi ron men tal fac tors: C - cli ma tic fac tor, M - par ent
ma te rial fac tor, G - geomorphic fac tor, B - bi otic fac tor,
W - ground wa ter fac tor.
3Soil-form ing mech a nisms: E: epigenesis (min eral trans -
for ma tion), P: phys i cal weath er ing, L: leach ing,  O: soil
or ganic mat ter.
*Eval u a tion based on in ferred ini tial con di tions.



Only 2) is a pedogenic pro cess, and even it can be
diagenetic rather than pedogenic, which may be in di -
cated by the vari abil ity of re sid ual ka olins (Selley, 1976,
p. 62). That tra di tional ex pla na tions for oxi sols fall short
has been rec og nized for some time. “There are many un -
solved prob lems con cern ing this soil type” (Blatt, Mid -
del ton, and Murray, 1972, p. 257).

Ev i dence against a pedologic or i gin of some al leged
oxisols is very clear. Gani sters and tonsteins in Eu rope are
prob a bly in tensely weath ered vol ca nic ash beds rather
than leached soil ho ri zons (Selley, 1976, p. 76). Ex ten sive
baux ite de pos its in Ro ma nia con tain bones of di no saurs
and other fauna that are vir tu ally im pos si ble to ex plain
pedogenically, and many de pos its in North Amer ica run
afoul of paleoclimatologic in fer ences (Oard, 1999). Some
oxisols may be al most en tirely geo logic in or i gin, and oth -
ers may be poly gen etic. It is im pos si ble to es tab lish that
any par tic u lar oxisol de vel oped solely as the re sult of in situ 
weath er ing, but it is pos si ble to dem on strate that at least
some of these de pos its did not. That many seem obliv i ous
to geo logic ex pla na tions for these de pos its may stem from
the per va sive ten dency to ward an a lytic spe cial iza tion;
pedo logists will see pedologic explanations, sometimes
where they do not exist.

Ultisols

Ultisols are typ i fied by a deeply leached weath er ing pro -
file and translocation of clays. Both the EGP and DGP
rec og nize that ultisol for ma tion is a non lin ear func tion
with time (Birkeland, 1984, p. 225), but the nat u ral his -
tory sce nario en vi sioned by the DGP would re sult in a
much less lin ear func tion. Diluvialists would ex pect rates 
of both leach ing and translocation to have de clined over
time in re sponse to soil pro file de vel op ment, as well as
pos si ble cli mate change. Pres ent rates of these soil-form -
ing mech a nisms may, there fore, rep re sent min ima and
not av er age val ues. To some de gree, the re sponse of
leach ing and translocation rates to soil pro file de vel op -
ment in ultisols can be eval u ated by com par ing them
with alfisols, where for ma tion within cen tu ries or a few
mil len nia has been ob served. This not only sug gests that
for ma tion of ultisols within a few thou sand years is
 reasonable, but that the nonlinearity of leach ing and
trans location may call into ques tion the pos si bil ity of tra -
di tional ages for many ultisols based on their cur rent pro -
file de vel op ment. The im por tance of par ent ma te rial in
ultisol de vel op ment may also have been under ap pre -
ciated. “Al though the na tive fer til ity dis ad van tage of the
Ultisols may be at trib uted in part to the higher rain fall
and tem per a tures [as sumed in their global warm ing sce -
nario], this is not a to tally valid re la tion ship; par ent ma te -
rial is un doubt edly a very sig nif i cant soil form ing fac tor
con trib ut ing to dif fer ences in na tive fer til ity be tween

Mollisols and Ultisols” (Buol et al., 1990, p. 79). In the
case con sid ered by Buol et al., soil fertility and soil profile 
development are closely related.

Histosols

Histosols no lon ger ap pear a con vinc ing ar gu ment for long 
pe ri ods of for ma tion. The rapid for ma tion of histic epi -
pedons in re cent times ap pears to in di cate that ob served
histosols per mit too lit tle time for the EGP, sug gest ing that
con ti nen tal gla ci ation (gen er ally be lieved to have oc -
curred where the ma jor ity of histosols are found to day)
may have oc curred more re cently than can be ac -
commodated within the EGP.

Alfisols

Alfisols, which ex hibit less in ten sive leach ing than ulti -
sols, may be pre sumed to de velop more rap idly than
ultisols; how ever, dif fer ences in the cli ma tic and par ent
ma te rial fac tors ex pe ri enced by these soils may be more
im por tant than time in ex plain ing these dif fer ences.
Con sider the Thoeny and Creed soils of north ern
Montana (U.S.D.A., 1986). The Thoeny se ries formed in 
“gla cial till,” a dia mict with a fine-grained ma trix, in the
time since the with drawal of ice sheets from the area. The 
Creed se ries has formed in the same re gion and has thus
ex pe ri enced the same cli ma tic in flu ences, but it has
formed in al lu vium south of the ice limit. A typ i cal pedon 
for both soils con sists of A and E ho ri zons to 6 inches (150 
mm) with the base of the Bt ho ri zon at 17 inches (430
mm) in the Thoeny and 16 inches (410 mm) in the
Creed. Ac cord ing to the EGP, the Creed would be a
much older soil and should be more highly de vel oped,
with a much deeper Bk ho ri zon. It is ap par ent that the cli -
ma tic in flu ences have dra mat i cally ef fected soil for ma -
tion with out be ing dra mat i cally af fected by time. It may
be, too, that con sid er ably less time has been avail able for
pedogenesis than the EGP pur ports, with pedogenesis oc -
cur ring rel a tively rap idly. Cau tion must be ex er cised in
in fer ring times of de vel op ment for alfisols. The ages as -
signed to the sur faces on which alfisols and ultisols are
com monly found may re late to in fer ences based on the
EGP. In ves ti ga tion of the meth ods em ployed to “date”
these surfaces is a worthy topic for further research but is
beyond the scope of this paper.

Mollisols

Mollisols, though ex pected by diluvialists to form more
rap idly than the EGP pre dicts, are not a mat ter of great
con tro versy be tween the two par a digms. How ever, molli -
sols pro vide good ex am ples of “av er age” soils that call
into ques tion the idea of slow pedogenesis. Con sider the
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Tel stad (U.S.D.A., 1986) and Evanston soils of north ern
Mon tana (U.S.D.A., 1988, and un pub lished data). Both
are clas si fied as fine-loamy, mixed, superactive, frigid,
aridic argiustolls. The Telstad soil is formed in “gla cial
till,” a diamict with a clay loam ma trix, north of the Mis -
souri River. The Evanston soil is formed in al lu vium
south of the Mis souri River. (The Evanston se ries also oc -
curs in al lu vium which ap pears to be re worked till in var i -
ous places north of the Mis souri River; in these places,
the Evanston is ap par ently youn ger than the Telstad,
while south of the river it should be older.) Both soils ex -
hibit a mollic epi pedon 4 to 6 inches (100 to 150 mm) deep
over an argillic ho ri zon. The uni for mity and de gree of pro -
file de vel op ment of mollisols on both ter rain north of the
Mis souri River be lieved to have been gla ci ated and ter rain
south of the river be lieved to have es caped gla ci ation is sim -
i lar. This could re sult from a great span of time since gla ci -
ation or from rapid soil pro file de vel op ment, but based on
the Telstad and Evanston soils (as well as the Thoeny and
Creed soils mentioned above), we favor the latter.

Evaluating rates of pedogenesis

Com plex i ties and lim i ta tions in eval u at ing rates of
pedo genesis are many. “As more pedological re search is
car ried out and more soils are ob served and stud ied, the
pedologist is rec og niz ing that many of the soils oc cur ring
on the pres ent land scape are poly gen etic soils which have 
formed in part un der en vi ron ments dif fer ent from those
of the pres ent” (Lavkulich, 1969, p. 26). Age es ti mates of
soils based on as sump tions of lin ear weath er ing or leach -
ing rates are grossly sim plis tic (Ruhe, 1975, p. 202).
Vreeken (1984) re views meth ods of dat ing soils by dat ing
sur faces, av er age pedogenic in dex, vari able pedogenic in -
dex, paleopedo genic in dex, and soil-land scape anal y sis.
He ex poses the  assumptions and cir cu lar rea son ing that
ren der these meth ods un ten a ble. “Ev i dence has been
pre sented that pedogenic pro cesses have ei ther been dis -
con tin u ous through time, or there has been con sid er able
vari a tion in in ten sity of pro cess. This work shows that
soils sci en tists should be cau tious about con jec tures re -
gard ing soil gen e sis based largely upon soil-pro file char -
ac ter is tics” (Daniels, Gam ble, and Cady, 1971, p. 76).
Be cause soil for ma tion is so com plex and site spe cific, ob -
tain ing a quan ti ta tive math e mat i cal de scrip tion of
pedogenesis is vir tu ally im pos si ble. “In or der to com pare
soil data on even a semi quantitative ba sis, a time scale
must be adopted” (Birke land, 1974, p. 153). Thus, the
view of nat u ral his tory one adopts de ter mines his bias in
eval u at ing soil data. We be lieve that even the cur sory pre -
sen ta tion of find ings pre sented in this pa per is suf fi cient
to demonstrate that, in general, the diluvial approach to

pedogenesis is more compatible with the data than the
traditional, EGP view.

The Apparent Problem of Paleosols

While many soils may have formed much more rap idly
than com monly thought, what of paleosols? Even soils
formed in cen tu ries or mil len nia must in di cate the pas sage 
of great pe ri ods of time if suf fi cient num bers are super -
posed. While this is sig nif i cant to nei ther creationism nor
catastrophism per se, it does call into ques tion the bib li cal
his tor i cal re cord and the DGP. It has caused heart burn for
some creationists (Rob in son, 1996). Leighton and Mac -
Clintock (1962) state, “Rec og niz ing the proper dis tinc -
tions be tween a pro file of weath er ing and a soil pro file is of
the great est im por tance to both ge ol o gists and pedo lo -
gists.” Yet it is sel dom pos si ble to dis tin guish be tween a
weath er ing pro file and a soil pro file (Ruhe, 1975, p. 36),
and even argillic ho ri zons and clay films have been
 observed to form sedimentologically (Val en tine and Dal -
rym ple, 1976, pp. 210, 211). Iden ti fi ca tion of an cient Bk
ho ri zons (caliche) is dif fi cult at best. “Cor rect rec og ni tion
of an cient caliche is an art and, as with most art, the ex perts 
of ten dis agree among them selves con cern ing the cri te ria
to be used in an eval u a tion” (Blatt, Middle ton, and Mur -
ray, 1972, p. 259). “It is the sim i lar ity of the pro cesses and
prod ucts of pedogenesis to those of diagenesis that is one of 
the ma jor causes of con fu sion in the rec og ni tion of bur ied
paleosols” (Val en tine and Dal rym ple, 1976, pp. 210). Var -
i ous lab o ra tory tech niques, in clud ing min eral and ion ra -
tios, al though of ten use ful, are rife with pit falls and of ten
equiv o cal in their re sults (Brady, 1974, p. 312; Val en tine
and Dal rym ple, 1976, pp. 211–213). Al ter na tive ex pla na -
tions abound for fea tures some think di ag nos tic of paleo -
sols, and the al ter na tive ex pla na tions are of ten more likely
(White, 1998). Paleosols would not be likely ac cord ing to
the DGP view of earth his tory. None the less, based on the
rel a tive ra pid ity of soil for ma tion pre dicted by the DGP
and ob served in many mod ern en vi ron ments, ac tual
paleo sols are not in im i cal to the DGP, a fact ob served by
some diluvialists (Froede, 1998, p. 27). Ul ti mately, since
paleosols are his toric by def i ni tion, they are not essentially
scientific, though science is useful in testing EGP
predictions to potentially disprove the interpretation of a
given weathering profile as a paleosol.

Conclusions

Soil for ma tion is ul ti mately an his toric ques tion with sci -
en tific im pli ca tions. One’s view of earth his tory es tab lishes 
his bias in eval u at ing the pedologic data. Ar gu ments for
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long times of for ma tion hinge on faulty or ques tion able as -
sump tions that include the following:
• Par ent ma te rial is of ten as sumed to be unweathered, un -

strati fied, and bar ren of “ma ture” physils or or ganic
matter.

• Rates of soil-form ing mech a nisms are of ten as sumed to
be nearly lin ear and ap prox i mately the same as mod ern
rates, even though ev i dence of sig nif i cant past cli mate
change is mount ing and soil pro file de vel op ment would
af fect the rates of soil-form ing mechanisms.

• Ra dio met ric “dat ing,” “dat ing” of geomorphic sur faces,
and other meth ods that as sume the EGP are used to es ti -
mate soil for ma tion rates.

• Phys i cal weath er ing over long pe ri ods is some times in -
voked where chem i cal weath er ing may ac tu ally have
caused a par tic u lar fea ture rel a tively rapidly.

• Pedologic ex pla na tions are some times sought where geo -
logic ex pla na tions are more likely or even vir tu ally cer -
tain (e.g. baux ite bone beds).
Cur rent knowl edge of pedogenesis per mits the fol low -

ing as ser tions about “prob lem” soils:
• Oxisols may form more rap idly than com monly be -

lieved. They prob a bly re flect par ent ma te rial much
more strongly and cli mate much less than tra di tion ally
thought. Ev i dence for for ma tion of oxisols en tirely pedo -
logically is in her ently equiv o cal, while ev i dence for a
geo logic, rather than pedologic, or i gin of at least some
de pos its clas si fied as oxisols is well dem on strated. Many
oxisols may be polygenetic.

• Ultisols and alfisols may have formed much more
quickly than com monly be lieved if cli mates were gen er -
ally warmer and wet ter in the past and if one rec og nizes
the prob a ble nonlinearity of soil-form ing mech a nism
rates.

• Histosol and mollisol for ma tion is readily ac com mo -
dated within the DGP, even us ing the rates of or ganic
mat ter ac cu mu la tion as sumed by EGP ad her ents. The
for ma tion of these pro files may, in fact, be too quick for
the EGP for some soils.

• Many “paleosols” are more readily ex plained as re sults of 
sed i men ta tion or diagenetic pro cesses. Be ing his toric in -
fer ences, paleosols are in ter pre ta tions of sci en tific data
and not sci en tific “facts.” Each must be eval u ated by
com par ing pre dic tions of the EGP paleosol sce nario
with scientific observations.
The nat u ral his tory sce nario of the DGP (based on the

bib li cal re cord) gen er ally pre dicts more rapid soil for ma -
tion than does the EGP, and ac cu mu lated data are more
readily ex plained by the DGP than by the EGP. Even
oxisols and ultisols can form within the 4,000 to 5,000
years (Gen e sis 11, Ex o dus 12:40, Judges 11:26, I & II
Chron i cles, Mat thew 1:1–17) since the De luge. Care ful
dis tinc tion be tween sci en tific data and pedogenic in fer -
ences in di cates that the bib li cal re cord of earth his tory is

not con tra dicted by the pedologic data and in many cases
is su pe rior to the tra di tional view in in ter pret ing ob served
soil characteristics and rates of pedogenesis.
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Glossary

allochthonous: said of sed i ments or ma te ri als whose place
of or i gin ap pears to be dif fer ent from pres ent lo ca tion,
im ply ing transport.

an te di lu vian: per tain ing to the pe riod of earth his tory be -
tween cre ation and the Deluge.

De luge: the unique global Flood cat a clysm (mabbul in
He brew) that oc curred dur ing Noah’s life time as de -
scribed in the Bible.

diamict: a heterogenous, un con sol i dated, un sorted sed i -
ment, typ i cally con sist ing of coarse ma te rial such as
gravel in a fine-grained matrix.

postdiluvian: per tain ing to the pe riod of earth his tory from
the end of the De luge to the pres ent.
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Book Review

The Extravagant Universe by Robert P. Kirshner
Princeton University Press, Princeton, NJ. 2002, 282 pages, $29.95

Rob ert Kirshner re ceived his Ph.D. in as tron omy from the
Cal i for nia In sti tute of Tech nol ogy, Pas a dena in 1974. He
is Clowes Pro fes sor of Sci ence at Har vard Uni ver sity and
Head of the Op ti cal and In fra red Di vi sion at the Har vard-
Smith so nian Cen ter for As tro phys ics. He also is the leader
of the “high-z su per nova search team” (p.190), one of two
in ter na tional teams search ing for high redshift su per nova
Ia to show ac cel er a tion and de cel er a tion of the ex pan sion
of the uni verse. This book chron i cles this quest from the
dis cov ery of ga lac tic su per nova in 1572 by Tycho Brahe
thru the dis cov ery of the high redshift su per nova
SN1997ff. This su per nova leads the o rists to an ac cel er at -
ing uni verse which points to the need for the Einstein
cosmological constant, dark energy, and dark matter.

The book sub ti tle is “Ex plod ing Stars, Dark En ergy and
the Ac cel er at ing Cos mos." Kirshner ex plains the lat est
knowl edge of how the uni verse is viewed by most as tron o -
mers and how it sup pos edly evolved. He does it in lan -
guage un der stand able to lay men and hu mor keeps the
top ics in ter est ing. The book is well or ga nized with eleven
chap ters, notes, ref er ences, and an in dex. The chap ters
 include in tro duc tory ma te rial, pro posed the o ries, data ga -
th er ing pro ce dures, ap pli ca tion of the data, and fu ture pro -
jects where supernova measurement methods may lead.

In gen eral the book pres ents a strong case for the stan -
dard Big Bang the ory in clud ing in fla tion and stel lar evo lu -
tion. How ever, it also doc u ments a weak ness in this the ory, 
namely the lack of enough time since the Big Bang for su -
per nova  type Ia to evolve. Kirshner states “Type Ia su per -
nova are re spon si ble for mak ing the iron in the earth’s
core, in the Eif fel Tower, and in your own blood” (p. 30).
He also gives re cent mea sure ments of the Hub ble con stant 

which date the uni verse at less than 14 bil lion years old
and the old est stars in glob u lar clus ters at ap prox i mately 12 
bil lion years old (p.111). He es ti mates the age of the sun
and earth at 5 bil lion years (p. 23) as is re quired for life to
have evolved. This leaves only 7 bil lion years for a sun-size
star to form, burn its fuel, evolve into a red gi ant, blow off
its at mo sphere, and col lapse its core into a white dwarf.
The es ti mate he gives for the life time of our sun as a main
se quence star is 10 bil lion years, then a life time of at least 1 
bil lion years as a red gi ant (p. 26). If it is in a bi nary sys tem
it ei ther has to col lect 40 per cent more mass from its part -
ner or mu tu ally lose enough or bital mo men tum to col lide
with its part ner to be come a su per nova Ia. No time es ti -
mate is given for these pro cesses but none can be con sid -
ered fast. The same lack of time is dem on strated by the
ob ser va tion of a su per nova 11 bil lion light years from earth 
(SN1997ff). How could this supernova have evolved in less 
than 3 billion years after the Big Bang?

It is ev i dent from ob ser va tional data pre sented in this
book that God cre ated a large va ri ety of stel lar phe nom ena
at the be gin ning of time in clud ing su per nova. Most sci en -
tists sim ply have the wrong idea about how and when. The
ob ser va tional data shows a uni verse that is fairly ho mo ge -
neous in that gal ax ies 11 bil lion light years away do not
look sig nif i cantly dif fer ent than nearby gal ax ies. It is man -
kind’s mis in ter pre ta tion of the data and their flawed the o -
ries which lead them away from God’s truth about the
creation of this universe and life. 
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