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Abstract

The isochron method of dating is used in multiple radiometric dating systems. An
explanation of the method and its rationale are given. Mixing lines, an alternative
explanation for apparent isochron lines are explained. Mixing lines do not require
significant amounts of time to form. Possible ways of distinguishing mixing lines from
isochron lines are explored, including believability, concordance with the geological time
scale or other radiometric dates, the presence or absence of mixing hyperbolae, and the
believabhility of daughter and reference isotope homogenization. A model for flattening
of “isochron” lines utilizing fractional separation and partial mixing is developed, and its
application to the problem of reducing the slope of “isochron” lines without significant
time is outlined. It is concluded that there is at present a potentially viable explanation
for isochron “ages’ that does not require significant amounts of time that may be superior
to the standard long-age explanation, and that short-age creationists need not uncritically
accept the standard long-age interpretation of radiometric dates.
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I sochron Dating
Paul Giem

This paper attempts to accomplish two objectives. First, to explain what isochron
dating is and how it is done, and second, to provide an analysis of how reliableitis. In
this kind of evaluation, it is important to avoid both over- and underestimates of its
reliability. While | will offer tentative conclusions, substantive challenges to those
conclusions are welcomed.

Unfortunately, there is no way to deal with the subject without at least mentioning
mathematics. This means that math phobics cannot be completely accommodated; they
will at least have to see equations. It also means that those who are ignorant of
mathematics will need to educate themselves regarding the equations, or else take them
onfaith.

Introduction
We will begin with the concept of using radiometric dating to measure time. The
underlying theory is that a given substance transforms into another, in a process called
radioactive decay, at a rate which is proportional to the amount of the initial substance
(sometimes called the parent substance). Writing this mathematically, we have

dP/dt =-AP,

where A is known as the decay constant and dP/dt is the instantaneous change in P with
respect to time. One can integrate thisformula! to

In(P) —In(P) =In(P/P)=A(t-t),
where Inisthe natural logarithm, P, is the amount of parent substance at a starting timet,,
and P is the amount of parent substance at any subsequent time t. By convention, we
usually definetimesincet, as0. This makes the equation
In(P/P) =At.

This equation can be transformed into

P/P=gt,

1 By rearranging, —dP/P = Adt. Onethen integrates, —fPUdP/P = kftodt.
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where e (= equals 2.718281 . . .) is the base for natural logarithms. We will see the last
two equations and variations afew timesin this discussion.

The last two equations, which are equivalent to each other, allow us to date an object,
provided that the decay constant A has not changed and we can measure P and P,. The
hypothesis that the decay constant has not changed is a reasonable first assumption.? At
present, we will assume that the decay constants have not changed, recognizing that this
assumption can be challenged.

Measuring P is usually relatively easy. One simply measures the parent element and
finds the percentage of the parent element that is of the desired isotope. In practiceitis
even easier, as aimost all the time the percentage of parent that is of the desired isotopeis
fixed in nature. Thus, for example, in the case of rubidium-strontium dating, rubidium
(Rb) in nature consists of 72.15% %Rb (rubidium-85) and 27.85% &'Rb (the radioactive
isotope). This means that if one wants to determine the amount of 8Rb in a given
sample, one simply measures the total amount of Rb and multiplies by 0.2785.

Measuring the original amount of parent in the sample, P, is much more complicated.
In fact, it is technically impossible, as it would have to be done at the beginning of the
time period in question, and obvioudly for the time periods we are considering that was
never done. We can only infer it from other measurements.

The first approximation to P, is made by noting that the parent isotope decays to one
(or occasionally more) daughter isotopes. If we define D* as the daughter produced by
radioactivity, then

P,=P+D*.

The problem with this formula is the difficulty of measuring D*. The daughter
product we measure now, D, may not be equal to D*. There may have been some D at
time zero (D), there may have been some D added later (D, ), and there may have been
someD lost later (D, ). Sothe correct formulais

P,=P+D-D,-D,+D,.

2 There is some evidence being published that the decay constant may have changed in the past, at least
for uranium and lead. However, it is not clear exactly when that happened. Whether it happened during a
Flood can be reasonably questioned.

In order for a change in the decay constant to be helpful to a creationist arguing for a short age for
fossiliferous strata, the decay constant would have to change during the Flood. However, this would mean
that the radioactive elements inside the bodies of Noah, his family, the animals in the ark, and whatever
animals survived outside the ark were spared from the otherwise general increasein radioactive decay, or that
their bodies proved resistant to the effects of the increased radioactivity. Thisis not impossible, but does
require extraintervention (or more change in the usual laws of physics).
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In fact, there may have been some P added later (P,) and some P lost later (P, ).
However, in this case, unless the P is lost or added according to a formula, one cannot
even hope to make the necessary corrections, and samples in which loss or gain of parent
is suspected are not dated radiometrically, at least when thisfact is recognized.

In some cases the last formula is assumed to be enough. For example, in the case of
potassium-argon dating, it is assumed that at a given time all the argon in a sample is
driven off. One simply measures the daughter (*°Ar) isotope, subtracts out air argon,
multiplies by a branching factor, and assumes that one then can calculate D* and
therefore P.. (A critique of potassium-argon dating is beyond the scope of this paper.)
However, in many other methods of radiometric dating the assumption that the daughter
isotope is driven off is clearly invalid. For example, &Sr (strontium-87), the daughter
product of 8Rb, is not volatile, and is chemically incorporated into minerals when a melt
cools. So the fact that we measure a given amount of 8Sr does not mean that it is a
product of decay that accumulated since the rock hardened. It could just as easily have
been left in the melt, possibly from previous decay. So we have to have another way to
find D*.

Isochron Lines

The standard way for rubidium-strontium dating, samarium-neodymium dating,
[utetium-hafnium dating, potassium-calcium dating, and uranium-lead dating, to name a
few dating methods, is to assume isotopic homogenization, or complete mixing. It works
something like this in the case of rubidium-strontium dating: At the time of the melt, all
the isotopes are assumed to be homogenized. That is, one assumes that initially the
isotopic strontium composition was the same throughout a (presumably melted) rock.
For example, the 8 Sr/Sr isotopic ratio® might be 7.10, or 71 atoms of &Sr for every 100
atome of #Sr. Then the rock crystallized so that the rubidium was partially separated
from the strontium. One assumes that there has been no subsequent migration of either
rubidium or strontium.

If there is strontium in some mineral without any rubidium, this makes the
calculations easy, because this mineral should still have the original &Sr/¥Sr ratio.
Supposing that this ratio was 0.710. That means that if a given rubidium-containing

3 Strontium has three stable isotopes, #Sr, #Sr, and #Sr, which are present in constant ratios relative to
each other, so that #Sr/%Sr = 0.056584 and #Sr/%Sr = 0.1194, which gives percentages in usual rock of
82.52% #8Sr» 7.00% &Sr, 9.86% %°Sr, and 0.56% Sr. The percentage of &Sr varies between 6.9% and 7.4%+,
depending apparently on the past and/or present rubidium content of the rock. One could use the &Sr/%Sr
ratio or the #Sr/%Sr ratio for our purposes, but the 8Sr/®Sr ratio is closer to 1, easier to work with, and the
traditional one.
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mineral now has a ¥ Sr/%Sr ratio of 0.720, then for every 1000 atoms of #Sr, 10 atoms of
87Sr has been produced by radioactivity. If inthis mineral the 8 Rb/®Sr ratio is 0.40, then
for every 1000 atoms of %Sr there would be 400 atoms of 8Rb. Thus the original &Rb
concentration would have been 400 + 10, or 410/ 1000 atoms of %Sr. The formulafor the
age of the mineral would be

t=[In (P/P)] / A = [In (410/400)] years/(1.42 x 104) = 1.74 illion years.

If 87Sr/%*Sr is the ratio in the rubidium-containing rock, and (*Sr/*Sr)  is the ratio of the
rock with no rubidium and therefore the ratio at the time of homogenization, and
8’Rb/®Sr is the ratio in the rubidium-containing rock, then the general formulafor the age
IS

t= [In ([RO/%Sr + F'Sr/®Sr — (Sr/®Sr) ] | [FRO/SSH)] / A

The problem with using this formulais that we rarely have a mineral with essentially
no rubidium but enough strontium to determine the initial 8Sr/%Sr ratio. So what is usu-
ally done is to obtain several minerals with different degrees of rubidium enrichment so
that they have different 8Rb/®Sr ratios.* Then the 8’Rb/®Sr ratios are plotted against the
87Sr/%Sr ratios. I these assumptions are correct, we will find our plot giving a straight
line:®

FSr/%Sr = ('Sr/%sr)  + (€1 — 1) ¥Rb/®Sr.

4 The calculations done above can bereversed. That isto say, if the production rate in the giventimeis
one atom of strontium per 41 atoms of rubidium, then for 615 atoms of &Rb per 1000 #Sr atomsoriginally one
should have 15 extra atoms of 8Sr now, for atotal of 725, and 600 atoms of 8Rb now. This gives different
ratios and a different data point, namely, 8Rb/#Sr = 0.60 and 8 Sr/8Sr = 0.725

If one starts with more ®Sr, and therefore more #Sr, one obtainsadifferent ratio. Say that 4000 atoms of
8Sr and therefore 2840 atoms of 8Sr werein the original sample, with 615 8Rb atoms. Then during thistime
period, there would still be 15 8Rb atoms which decayed to &Sr, for atotal of 2855, and 600 8’Rb atoms | ft.
Thisleavesa®Rb/®Sr ratio of 0.15 and a®Sr/®Sr ratio of 0.71375. Both of these points, along with the point
inthe text, are shown on the graph.

® The derivation of the formulais asfollows:

¥Rb,=*Rb e" (Assuming constant decay and no rubidium gain or [0ss)
¥Rb,=%Sr* +*¥Rb (Decay products)
¥Sr+ = ¥R —¥Rb = ¥Rb & —¥Rb = *Rb (¢" - 1) (Algebra)
¥Sr = %5y +¥Sr+ =8Sr + ¥Rb (e - 1) (Assuming no strontium gain or 10ss)
¥Sr/%8r = (¥Sr/%Sr),, + ¥Rb/*Sr (e - 1) (Assuming isotopic mixing initially)

Theformulaisvalid aslong as the assumptions are fulfilled.
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Thisisintheformof y =b+ mx, which makesit a straight line, known as the isochron
line. Thevalueb givestheintercept, and m givesthe slope, which in thiscaseis (" — 1).
Thus picking someideal example numbers, we might see a graph like the one below:

Figure 1:
Isochron Line
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Note that where the line crosses the zero line for the 8Rb/#Sr ratio (marked with an X
on the graph) gives the original &Sr/%Sr ratio. Any strontium that originally had no
rubidium with it would have to have that &’Sr/%Sr ratio still. Even if there is no such
sample, we can predict its composition using our straight line. The apparent ageis found
by taking the slope,® which in this case is 0.010/0.40 or 0.025. So

et—1=0.025 e*=1.025 and t=In(1.025)/ k.
Thegenera formulais
t=In(1+dope)/Kk.
We only need 2 points to determine the straight line and thus the slope, but if there are

more than 2 points, and all our assumptions are correct, the points should all lie on the
samestraight line.

& Which isthe change in the &Sr/%Sr ratio divided by the change in the Rb/%Sr ratio.
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It iscommonly felt that if all the points lie on a straight line, thisis a good indication
that the above assumptions are correct. For example, see The Age of the Earth, a book
written by G. Brent Dalrymple,” one of the foremost authorities in the field, with the
express purpose of establishing the age of the earth in the face of creationist claims (see
the preface). In his discussion of isochron dating, he states (pp. 108-109), “For all
practical purposes, the only way to move the isotopic compositions of samples from one
isochron to another is by either radioactive decay through time or complete isotopic
rehomogenization. Points that fall on an isochron, therefore, can confidently be
interpreted as indicating the time of last isotopic homogenization, i. e. formation or
reformation of the rock. Thus the isochron method is self-checking, providing not only
the prospect of an age but also astatement onitsvalidity.”

Mixinglines

However, this confident statement is an overstatement. There is a process which can
routinely give a straight line on an isochron plot, while having essentially nothing to do
with time. Itiscaled amixing line. If two rocks are mixed in varying proportions, and
the 8’Rb/®Sr ratio is plotted against the 8Sr/®Sr ratio, the result is always a straight line.
Thederivationisasfollows.

We will take two rocks, rock 1 and rock 2. Rock 1 contains p, parent, d, daughter,
and r, reference isotope (in the case of rubidium-strontium dating, p is®Rb, d is®'Sr, and
ris®sr). Rock 2 contains p, parent, d, daughter, and r, reference isotope (al of these are
concentrations). Then we will mix them in proportion so that the proportion of our final
rock that isrock 1 isaand the proportion of our final rock that isrock 2isb. We have

at+tb=1,
that is, al the final rock is either a or b. Now we will assume that the rocks are not
identical, and that both rocks have some r, so that p/r and d/r have some meaning at the

endpoints. (If r =0 at any point, p/r and d/r have no meaning at that point, and we cannot
draw an isochron line either). We now have

p=ap, +bp,
d=ad, +bd,

r=ar +br,

" Stanford, CA: Stanford University Press, 1991.
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(The first equation says that the concentration of parent in the final rock is the
concentration from rock 1 times the proportion we used, plus a similar component from
rock 2)

d/r=(ad,+bd,) /r
(p,r,—p,r) dir=(p,r,—p,t,) (ad, + bd,) /r
=(p,r,ad, +p,rod,—p,rad —p,rbd)/r
= (ap,d,r, +bp,d,r,—ap,dr —bpdr)/r
=(ap,d,r,+bpdy,—apdr, —bpdr +apdr —apdy +bpdr,—bpdr)/r
=(ap,dr,—apdr, +bpdr,—bpdr +apdr —apdr, +bpdr,—bpdr)/r
= (ap,(d,r,—d,r,) +bp,(d,r,—d,r) +ar (p,d,—p,d) +br(pd,—pd))/r
= ((ap, + bp,) (d,r,—d,r) + (ar, + br,) (p,d,—p,d)) /T
=(p(d,r,—dyr) +r(pd,—pd)/r
dir (p,r,—p,r,) = (p/r) (dr,—d,r)) + (p,d,—p,d)
whichisintheform By =-Ax + C or Ax + By = C, whichisastraight line, always. If

p,/r, does not equal p,/r, (that is, the two rocks do not have the same proportion of parent
to reference isotope), we may divide by p,r,—p,r,, and

dir = (p/r) (d1r2 - dgrl) / (plrz - pgrl) + (pldg - pzdl)/ (plrz - pgrl)’

which is of theform d/r = Sp/r + Y, where Sisthe slopeand Y isthe y-intercept. A
mixing line not only can, but always does precisely mimic an isochron plot. Thisfact is
well knowninthefield.

It is important to realize that a mixing line does not require thorough mixing of the
two components, as long as we are doing whole rock dating. All that is required is that
each component itself is homogeneous. One can even create a mixing line by, for
example, taking a piece off of each component and ssmply putting those two piecesin a
specimen container, measuring the relevant isotopes, and repeating the process. Aslong
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as the pieces do not have precisely the same ratio of rock 1 to rock 2, we will get a
mixing line. Any scatter in the line is evidence for gross post-mixing fractionation,
contamination, and/or leaching, not incomplete mixing. One cannot tell a mixing line
from atrueisochron line on the basis of its straightness.

Distinguishing mixing linesfrom isochrons

The question can be raised as to how sure we can be that a given line is an isochron
plot rather than amixing line. There aretwo ways. First, the date has to be believable on
other grounds. Second, it has to be believable that the strontium isotopes in a given rock
have indeed homogenized at thetime.

Of course, the first criterion immediately raises questions. Believable by whom?
Believable for what reasons? Some may be tempted to question whether such criteriaare
ever used. However, it appears that they are. Gunter Faure, in his classic book
Principles of Isotope Geology,? lists several rubidium-strontium dates that do not match
the standard geologic time scale and are confidently written off as mixing lines without
further evidence, at least as far as | can tell.® The same holds true for “futurechrons’,
apparent isochron lines that date in the future.*°

Of course, this raises at least the possibility that if a creationist did not believe the
standard geologic time scale, he/she is not obligated to believe any of the rubidium-
strontium dates in the literature, or any of the other dates that are “confirmed” by the
isochron method. This leaves us in an uncomfortable position. Science does not like to
leave matters where either of two widely disparate theories are compatible with exactly

82nd ed. New Y ork: John Wiley and Sons,, 1986

°Pp. 145-7. Hisexamplesfollow: Pleistoceneto Recent (<1.6 million yearsold) lavawith aRb/Sr age of
773 million years (Bell K, Powell JL: “ Strontium isotopic studies of alkalic rocks: The potassium-rich lavas
of the Birungaand Toro-Ankole Regions, east and central Africa.” JPetrol 1969;10:536-72); upper Miocene
to Pliocene (5-9 million years old by K/Ar dating) lava with a Rb/Sr age of 31-39 million years (Dickinson
DR, Dodson Mn, Gass |G, Rex DC: “Correlation of initial &Sr/#Sr with Rb/Sr in somelate Tertiary volcanic
rocks of south Arabia.” Earth Planet Sci Lett 1969;6:84-90); Pliocene to Holocene (<5.3 million years old)
lava giving Rb/Sr ages of 570 and 870 million years (the 570 million year “isochron” is apparently from
<3000 year old lava). Leeman WP, Manton WI: “ Strontium isotopic composition of basaltic lavas from the
Snake River Plain, southern Idaho.” Earth Planet Sci Lett 1971;11:420-34); and Miocene to Holocene (<24
million yearsold) volcanic rock with aRb/Sr age of 1.2 billion years (Duncan RA, Compston W: “ Sr-isotopic
evidence for an old mantle source region for French Polynesian vulcanism.” Geology 1976;4:728-32). An
additional report has been made of Plioceneto Holocene (<5.3 million yearsold) lavawith aRb/Sr age of 1.5
billion years (Leeman WP: “Late Cenozoic alkalirich basalt from the western Grand Canyon area, Utah and
Arizona: |sotopic composition of strontium.” Bull Geol Soc Am 1974;85: 1691-6).

10 For an example, see Dasch EJ, Green DH: “ Strontium isotope geochemistry of lherzolite inclusions
and host basaltic rocks, Victoria, Australia” AmJ Sci 1975;275:461-9.
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the same phenomena. Hopefully somewhere they will make differing predictions, and
can thus be distinguished by testing.
Concordance with the geological time scale or other radiometric dates

One might suppose that having most of the dates match the standard geologic time
scale would be a prediction of evolutionary theory, whereas short-age creationists would
expect the ages not to match. However, it is known that some but not all of the dates
match. What percentage is enough to validate the standard geologic time scale? 95%7?
60%? 30%? 5%? And how do you determine the percentage? By the statistical limits
of error? By being within 20% of the predicted value? And do all published data count,
or the raw data from a sample of laboratories? | personally think the project would be a
fascinating one. But at the end of the day (or rather, project) | doubt that either side
would concede based on this evidence.

One might also suppose that if several different dating methods all got the same age,
this adds credibility to the date obtained. There are three problems with this approach.
First, one must then subtract credibility if the methods disagree. Thisis not always done.
Second, it is predictable that if two magmas that have been either naturally or artificially
aged to the same degree are mixed, all their “isochron lines” will match without the
match having anything to do with time since deposition, even if the magmas in question
have been melted.’* Finally, there are multiple references in the literature to matching
radiometric dates that disagree with the standard geol ogic assigned age.*?

Mixing hyperbolae

One can approach the problem another way. Mixing lines are supposed to give
mixing hyperbolae. We will try to address the question whether mixing hyperbolae can
reliably distinguish mixing lines from isochrons. For completeness, the technical details
are given, but since they are, or at least should be, non-controversial, they will be givenin
smaller print (some readers may wish to skip over them to the conclusion).

1 To illustrate, supposing that one originally had two magmas, both with the same 8 Sr/%Sr ratio and
the same “*Nd/**Nd ratios but differing contents of &Rb and ’Sm. If one “aged” the two magmas, part of
the 8Rb would change to #Sr, and part of the *4’Sm would change to **Nd. If one mixed the two magmas,
one would then get straight lines which would appear to be isochron lines precisely matching in “age”,
while the mixing could have been done fifteen minutes before the measurement.

Basically, the two magmas would behave as two points of a true isochron line with respect to each
isotope system. Since they are aged in the same way, they will give the same dates. The mathematics of
mixing will guarantee that the various mixtures of the two magmas will fall along the same line as the
magmas themselves, thus giving the same dates as if one simply measured the two magma sources and
used the line determined by their two points for the date.

For concordant flattening of “isochrons’ which arereally mixing lines, see below.

2 For example, see Odin GS (ed): Numerical Dating in Sratigraphy. Chinchester, UK: John Wiley
and Sons, 1982, especially chapters 12 and 24.
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What is a mixing hyperbola? We need to note first that most plots on a two-component mixture
(TCM) are straight lines. If one plots the amounts of any two substances x and y in agiven TCM, one gets
astraight line. That isbecause for any given component x we have the concentration of x expressed by

X=ax, + (1-a)Xx,,
where aisthe fraction of agiven rock that isfrom rock 1, x, isthe concentration of x inrock 1, and x, isthe
concentration of x inrock 2.  This egation can be further manipulated:

X=X, +aX~X,),
or, if one assumes that x, does not equal x, (which we will routinely assume—we are interested only in
variable components),

a= (X=x,)/(X,—X,).
For a second component y we have

a=(y-y,)/(y,Y,):
Wethushave

(X=X (X =X) = (Y=Y )Y ,Y,),
Y=Y, = [y, )/(X,~x,)] (x=x,), and
Y = [y (X=X X=X, [(y =Y ) (X =X)] +Y,

whichisof theform y =mx + b, which isastraight line.

If one plots x/z versus y/z for aTCM, one aso obtains a straight line. The derivation of thiswas given
above, if one substitutes p for x, d for y, and r for z. And if one plots x/w versus y/z, where there is some
constant k such that w = kz, one still gets a straight line. One can simply define a new variable v = kx,
and use the same derivation, as v/w now becomes kx/kz = x/z, which was shown above to give a straight
line. If viw versus y/z gives a straight line, then kx/w versus y/z gives the same straight line, and x/w
versusy/z gives astraight line also, only with achanged slope. (This meansthat a TCM will always give a
straight line on adiscordiaplot.)

But if one plots x versus y/z, one now gets a hyperbolic plot, assuming that z, does not equal z,. What
do we mean by a hyperbolic plot? It is aplot where a variable, say x, isinversely proportional to another
variable, say y, so that in the simplest case

y =c/X, (cbeing aconstant),
or inamore complicated case
y—c,=c/(x—=,), or
y=c,+c/(x=,).

In this case ¢, determines the distance from the origin to the y- (conventionally horizontal) asymptote,
¢, determines the distance from the origin to the x- (conventionally vertical) asymptote, and c, determines
the distance from the crossing of the asymptotesto the curve itself.

The reason we have a hyperbolic plot for x versus y/z is because on the x-axis we have

z=mx+Db,
which meansthat z islinearly dependent on x. At the sametime

y=mz+h,
Thismeansthat

ylz=(mz+b,)/z=m,+b,/z,
which plots against z as ahyperbola.
But it al'so plots against x as ahyperbola, for
ylz=m,+b/(mXx+b)=m,+ (b/m)/(x +b,/m),

whichisof theformy/z=c, +c,/(x—,).

For x/w versus y/z (assuming z is not proportional to w), the math is more complicated, but the result
isthe same. Solving the relationships between y/z and w, we have
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ylz=m,+b/(mw +b)=m,+ (b/m)/(w+b,/m,) and
X =myw +b,, sothat
xIw=m,_+b/w.
Thismeansthat
w=Db/(x/w—m,).

Therefore
ylz=m,+b/(mw + b)) =m,+ (b/m)/([b/(x/w—m,)] +b,/m,)

=m, + (x/w—m,)(b,/m,)/(b, + (x/w—m,)b,/m,)

=m, + (x/w —m,)(b,/b,)/(b,m /b, +Xx/w —m,)

=m, + [(x/w(b,/b) —m.(b,/b)]/(x/w + bm /b, —m,)

=m, +[(x/w(b/b)) + (b,m /b, —m,)(b,/b) — (bm./b, —m,)(b/b) —m,(b/b)]/(x/w +b,m. /b - m,)

=m,+b,/b, —(b,m /b )(b,/b)/(x/w +bm./b —m,),
whichisof theformy/z=c, +c/(x-,).

The point of all thisisthat both the straight lines and the mixing hyperbolas are direct
consequences of the linear relationships of various components to each other. Although a
mixing line is the easiest way to produce this relationship, any process that will produce
the same relationship will produce mixing plots.

Suppose one had a true isochron plot. If it is a 2-component plot, standard theory
holds that either it is atwo-component mixture (TCM) where the strontium isotopes have
equilibrated, or it is a completely homogenized (presumably melted) rock which has
separated into two phases, presumably by crystallization. If it is a TCM, then the
distributions of all components including rubidium and strontium (or other parent
isotopes and daughter product) are linear, the distributions of parent and daughter
isotopes should stay linear while decay is taking place, and all plots should be
indistinguishable from mxing lines and/or hyperbolae. If it crystalized from a melt into
two phases, we have the mathematical equivalent of a TCM, and the plots should again
be indistinguishable from mixing lines and/or hyperbolae. So isochrons in a two-
component system are not distinguishable from a two-component mixing line.

One is tempted to suggest that perhaps the differentiation between a mixing line and
an isochron line is easier if there are 3 (or 4 or more) components to the rock suite. A
mixing line with more than two components should not give a straight line on an isochron
plot, and a rock suite isochron with more than 2 mineral types should not give mixing
hyperbolae (because most other components should not have straight lines colinear with
the isochron line components). So if we find a 3 (or more) mineral suite of rocks with an
“isochron” line, it should be unusual for it to be a mixing line, and we should be able to
tell the difference by seeing whether mixing hyperbolae are present. Mixing lines should
have them, and isochrons should not.

However, there are several problems with this way of differentiating mixing lines
from isochron lines. First, minor components may add too little mass and/or amounts of
the minerals being measured to change either the “isochron” line or the mixing
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hyperbola. Alternatively, the other components might be too evenly distributed in the
rock to change the essential mathematics. So a mixing line might still be a good straight
imitation of an isochron plot, and a true isochron might still show a good “mixing
hyperbold’.

Second, if the third (and fourth or more if present) component of a mixing line has,
for example. a®Rb/®Sr ratio that plots against its 8 Sr/%Sr ratio on a straight line with the
respective ratios of the first two components, one will still get a straight “isochron” line
which is realy a mixing line. In fact, the other components do not even have to be
exactly on the line. They only have to be close enough so that the confidence limits of
their measurements overlap the line. In this case we can have a mixing line without
necessarily having good mixing hyperbolae, mimicking an isochron plot.

In fact, according to Faure (p. 151) “However, suites of samples formed by mixing of
two components may not fit a single mixing equation because the end members may have
had variable isotopic and chemical compositions. Moreover, both chemical and isotopic
compositions of rocks may be changed by processes occurring subsequent to mixing,
such as fractional crystallization, contamination by third components, and alteration by
hydrothermal fluids or chemical weathering. Therefore a certain amount of scatter of
data points above and below the mixing equation is commonly observed for suites of
geologic samples that are in fact binary mixtures.” (italics his) Thus Faure is not
confident that atwo-component mixture will always give good mixing hyperbolae.

Finally, the third (and fourth or more if present) component of a true cogenetic suite
of rocks (giving a true isochron) might happen to have, for example, their Rb/Sr ratios
roughly colinear with their absolute Sr concentrations. In that case they will also give
“mixing hyperbolag” even though they are not mixing lines.

It will be theoretically interesting to test mixing lines for mixing hyperbolae, and also
lines that are considered true isochrons by long-age geochronologists, and see what
proportion of each has mixing hyperbolae. To my knowledge this has not been done. |
am working on getting that done on at least a few samples. However, the results are not
likely to be regarded as conclusive by either side.

Believability of isotopic homogenization

The final possible difference between the short-age and long-age interpretations of
isochron dating focuses on a crucial assumption. Is it believable that, for example, the
strontium isotopes have homogenized?

Intuitively, it would seem that strontium isotopes should be easier to homogenize
within the minerals of a given rock specimen than across rock suites. Thisis especialy
true if the rock suites extend across kilometers. So when rubidium-strontium dating is
done, one might expect that minerals within a given rock would be used preferentially.
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However, thisis apparently not usually the case. One of the statements that stunned
me when | first read about Rb-Sr dating was found in Faure as his first paragraph on
experimental results (pp. 120-121):

Igneous rocks of granitic composition may contain both mica minerals and K-feldspar, al of
which can be dated by the Rb-Sr method. Ideally, all minerals of an igneous rock should
indicate the same date which can then be regarded as the age of the rock. When mineral dates
obtained from one rock specimen or from a suite of cogenetic igneous rocks are in agreement,
they are said to be “concordant.” Unfortunately, “discordance” of mineral dates is more
common than “concordance.” The reason is that the constituent minerals of arock may gain or
lose radiogenic &Sr as a result of reheating during regional or contact metamorphism after
crystallization from a magma. In such cases, the mineral dates generaly are not reliable
indicators of the age of the rock. We must therefore turn to the rocks themselves if we want to

determinetheir ages.

It is much easier for me to visualize equilibration of strontium isotopes in the
mineralsin arock than in whole rock samplesin abatholith, for example. Unfortunately,
we have amost no direct experimental evidence here. The indirect evidence | can find
(admittedly not exhaustive, and for that reason very possibly not representative, but
reasonably representative of the evidence | have seen), isin four forms:

1. Sedimentary rocks, deposited under water, do not homogenize their strontium if
the grain size, at least of illite clay, is 2 microns or larger (and maybe not then—the limit
is based on the assumption that long-age dates are correct).™®

2. Whole rock dating is sometimes assumed to be reasonably accurate when the
whole rocks are separated by miles. In fact, in one case, because the Rb-Sr dates are
younger than the other dates, it is assumed that without further physical mixing, the
strontium isotopes somehow equilibrated across the same distances after the rock was
emplaced. And thiswithout affecting the argon content of the rocks, so that the K-Ar age
was still correct!** | find item 2 difficult to believe, but frankly incredible when
comparing it with item 1. | don’t see how one can have it both ways.

3. There are several examples of lava which flowed in recent to Miocene times
whose Rb-Sr dates are in the 500-1,500 Marange.®®

4. The experimental data are against easy migration of strontium atoms, at least
according to Hanson and Gast.’* On p. 1120 they stated, “It is significant that no one has

B Faure, p. 130, cites some examples.

14 Lanphere MA, Wasserburg GJF, Albee AL, Tilton GR: “Redistribution of strontium and rubidium
isotopes during metamorphism, World Beater Complex, Panamint Range, California.” In: Craig H, Miller
SL, Wasserburg GJ (eds): Isotopic and Cosmic Chemistry. Amsterdam: North-Holland Publishing
Company, 1964, pp. 269-320.

15 See note 8 for some examples
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so far been able to thermally induce radiogenic strontium-87 to leave its host mineral in
guantities commensurate to the loss of argon under geologically reasonable conditions
even though it is not uncommon to find biotites in nature which have lost both radiogenic
argon-40 and strontium-87 due to athermal event.” | have not seen any data that would
challengetheir conclusion.

For what it is worth, where | have seen the mineral dates reported, they have
generally been about an order of magnitude younger than the corresponding whole rock
dates.

It would appear from the foregoing that the theory of strontium isotopic equilibration
does not have the support of the available experimental evidence. This should be tested,
\as it may make it possible to distinguish experimentally between the predictions of short-
age and long-age interpretations of life on earth, at least if short-age theories assume no
significant change in radioactive time constants during the Flood. Further evaluation
may also clarify the validity of other methods of isochron dating.

Should all mixing linesfrom similarly “aged” rocksgivethe same date?

If al the magma on the earth is “aged” (either naturally or artificially) to the same
extent, would one not get the same age for all isochrons, unless some are true isochrons?
In other words, if all magmas were initialy to lie on the same isochron line, would not all
mixtures of these magmas give either points or “isochron” lines with identical “ages’
when they are mixed?

If the geology of earth were simple, thiswould be the case. However, it isnot simple,
and several kinds of processes can flatten the original isochron without requiring millions
of years. For example, let us take two magmas, one with a 8’Rb/®Sr ratio of 0.64 and a
87Sr/%8Sr ratio of 0.70, and one with a #Rb/%Sr ratio of 0.16 and a & Sr/%Sr ratio of 0.70.
The two magmas have the same 8'Sr/%Sr ratio, as they are primordial. We then age the
two magmas 4.54 billion years (naturally or artificially—it does not matter which). We
now have a ®Rb/®Sr ratio of 0.60 and a 8’Sr/%Sr ratio of 0.74 for the first magma and a
87Sr/8Sr ratio of 0.15 and a Sr/%Sr ratio of 0.71 for the second magma. We now send
both magmas up through country rock with a composition identical to the second magma.
The composition of the second magma does not change. However, if the first magma
dissolves enough country rock so that the 8Sr content of the country rock is equal to the
8Sr content of the first magma, the new magmawill have a®Rb/%Sr ratio of 0.375 and a
87Sr/8Sr of 0.725. This would still be on the original isochron line. But if we allow the
magma to fractionally crystallize so that the 8Rb/%*Sr ratio of the more fluid part rises

16 Hanson GN, Gast PW: “Kinetic studiesin contact metamorphic zones.” Geochim et Cosmochim Acta
1967;31:1119-53.
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back to 0.60,%? the 8Sr/®Sr ratio should not change. This magma may now mix with
either the second magma or the country rock, and the mixing line that is created will have
aslope of 1/30, with an “age” of 2.31 hillion years. We have just cut the “age” amost in
half with a perfectly straight “isochron” line, al with essentially no time required. This
example does not appear unreasonabl e.

So the answer to the last question is, one can fairly easily flatten “isochrons’ that are
really mixing lines, and give straight lines, as long as one allows for mixing and
fractional crystallization. It does not require large amounts of time.

What about multiple“isochrons’? Can they beflattened in thisway?

If there is a characteristic fractionation coefficient for each of several isochron dating
systems, and some process of magma mixing and re-differentiation occurs, the same
percentage flattening can happen with each system. One therefore can obtain matching
reduced “isochron” dates, which actually are produced by mixing lines. Whether this
process is believable depends on the precision of the measurements and the precise
parameters of mixing. Asfar as| know, one cannot find this derivation in textbooks, and
so those with the proper competence are urged to follow the math closely looking for
errors.

Suppose we take arock and differentiate it into two fractions, fraction 1 containing p,
parent, d, daughter, and r, reference isotopes, and fraction 2 containing p, parent, d,
daughter, and r, referenceisotopes. We note that

d/r,=djr,
but assumethat
pl/rl # p2/r2
(so that the rock can be dated). This meansthat
dr,=dr, and dr,—dy =0

andthat p,r,—p,r, # 0.

2 \We have assumed (a reasonable first approximation) that the ratio of rubidium in the rubidium-rich
fraction to rubidium in the rubidium-poor fraction has remained constant. \We have also assumed that theratio
of strontium in the rubidium-rich fraction to strontium in the rubidium-poor fraction has not changed. Finaly,
we have assumed that the volume of rubidium-rich rock and that of rubidium-poor rock have not changed.
Slightly different numberswill be obtained if we assume that the numbers can change, but since rubidium is
avery tiny fraction of the rock, we should not expect the changes to be great.

In fact, the situation is more complicated. An adjustment should be made for the fact that there is now
more calcium and less potassium than previously. The potassium will change by roughly one part in 1,000,
and the calcium (on the average) by somewhat less. Other elementswill also change slightly. At some point
making the corrections becomes not worthwhile.
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We now age it (either naturally or artificially) so that afraction f of the parent in each
rock turnsinto daughter. Wenow have, for rock 1, p, —fp, parentand d, + fp, daughter, and
for rock 2 p, —fp, parent and d, + fp, daughter. The slope of thelineis

(dy+fpy) /1y —(dy +1py) /15
(P1—fp) /1 — (P2 —fp)/ 1y

or
dyfy +fpary —don —fpony
Prfo — fpary — Pory +fpory
or
dyry —dory +fpary —fpony
Prfo — Pl — fpary + fpory
or

chry, —dory + f(py 1 — pory)
1(pary — poi) — (P +Pary)

or (sinced,r,—d,r, =0)
f/(1-F).
This makes sense, for sincet = In (p/p) / k, and
p/P = p (PP, = V(1) = (1-+£+f)/(1-F) = 1-+/(1-) = 1 —slope,

then t=1n(1—dope) / k, which isthe traditional formulafor the age of an isochron.

We now mix aunit amount of fraction 1 with x amount of fraction 2, and aunit amount
of fraction 2 with y amount of fraction 1. The new concentrationswill be, for parent,

Py s = [P, = 1P, + X(0, = D) / (1 +%) andp, =[P, —Tp, +y(p,—p)] / (1 +Y)
for daughter,

0y s = [0, + 10, = X(d, + fp)] / (1+%) and p, = [d, +fp, +y(d, + )] / (1 +)
and for referenceisotope,

Mg = (L FX0) (A +X) andr, . =(r,+yr)]/(1+y)
Thedopefor thislineis

[dy +fp; +X(dy +fpo)] /A +X)  [dy +fp, +y(d; +fpy)]/(A+Y)

(R +x1p) /(L +X) (rp+yn)/A+y)
[P —fpy+ X(po =)l /A +X)  [po —Fpo +Y(py —fp)]/(1+Y)
(ry+xrp) /(1+x) (o +yr)/(1+y)
o
[dy +fpy +X(dy +fpo)](rp +yry) — [dp + Py +Y(dy +Fpy)](ry +X1y)
[Py —fpy+ X(p2 — TP)I(r2 +yry) —[P2 — P2 + Y(Py — fPL)1(ry + X13)
o
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diry +fpers + Xdor, + Xfpory +ydiry + yipif + Xydsyfy 4+ Xyfporg
—dor —fpor —ydin —yfph — xdor, —xfpor, — xydin — xyfpin
P> — P12 + XP2ke — XEPory + ypi — Yfpary + Xypary — Xyfpon
—P2n +fPary — il + YiPary — Xpory + XEpary — Xypirs + Xyfpsl,

dyry +fpiry + (ydiry — ydiry) + (Yfpary — yfper) + Xydor + Xyfpor

—dyry = fpory +(Xdyry —xdohy) + (Xfpary — XfP,ry) — Xydir, — xyfpyhy
P2 = fPara + (YPars —yP1i) +(Yfpars — YEpary) + Xypaor; — xyfpon
—Pary + fpary + (XPary — XPorp) +(XfPary — XfPary) — Xypars + Xyfpary

dyrp —dory + xydor —Xxyd 1 + sty — fpor + Xyfpor — xyfpsh
Pilo — Pory — fpyrs +Tpoi — Xypyry + Xypory + Xyfpsr, — Xyfpon

f(pyry —poh) — xyf(psr —Poy)
1(pary — Po1y) — f(Pyro — Pory) — XY(Pala + Pary) + XyF(Pero — Poty)

_fd-xy)

(1-H(1-xy)
or, aslong as 1-xy # 0 (if xy =1, wewould have asingle point with no slope),

/(1)
which is identical to the previous slope. We expect this because this process is only a
special case of amixing line.
However, if we now allow our two magmas to re-differentiate with the same ratios of

elements asin the differentiation of the original magma, we now have a slope of

[dy +fpy +x(dp +fpR)1 /A +X)  [dp + fpy +y(d; +fpy)]/(1+Y)

(h +Xrp) /A +X) (p+yn)/A+y)
p—fp _Po—fpy
r )
o
[dy +fpy +X(dy +fpo)]I(rp +yry) — [dy + Py +y(dy + fpy](ry + X15)
(r + xrp)(rp +yr1y)
Piry — ity — Pory + fpoly
nra

o

diry +fpers + Xdor, + Xfpory +ydiry + yip i + Xydofy + Xyfpory
—dory —fpory — y(dif — fpy 1y — xdor, — Xfpor, — Xydir, — xyfpyry
(r +xro)(r, +yn)
Pufy — Porfy — Pyl +fpoh
nra
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(dirp —dyn) + (ydyry — yoh i) + (yfpary — yfpy 1) +(xydyn — Xydsr,)
+fpir, —fpon + (xdary —xdorp) + (Xfpory —Xfpor) + Xyfpoh — Xxyfpsrs
(i +Xrp)(rp + Y1)

Pily — Poly — fpary +fpony

I
o
f(pyro —fpor) + Xyf(por — pily) I
(P —poh) = f(puro — Pory) (R +X0)(rp +yry)

o

f g1

17 (1—xy)

- [y + XIp Ty + YIE + XY Ty

o

f (1—xy)
1-f 1+ X/ +yr/n +Xy

Thismeansthat the slopeisreduced by afactor that isdependent onx, y, andr /r,. If xy
=1, the age disappears. If xy > 1, the slopeisa*“futurechron”, giving an age in the future.
Two different dating systems will give identical slope reductionsiif either r./r, is equal for
both systems, or if y =x(r,/r,),(r,/r,),. Thisisbecause

(L-xy)[1+x(r /r,), +Y/(r /1) +xy] = (1-xy)[1+X(r /1), +Y/(r /r,),+XY]
1+xX(r fr,) +yl(r fr,) Xy = 1+X(r /Ir,),+y/(r Ir,),+Xy
X(r /r) Fyl(r r,), = x(r /r,)+yl(r/r,),
X(r./r) =X(r /r,), = yl(r,/r,) ~yI(r./r,),
X(r,r,) 2(r Jr,),=x(r ) (r Jr,) 2= y(r /r,) —~y(r./r),
X(r,/r,), (r /r,) [(r./r),~(r /)] =y[(r,/r,) ~r/r,),].
Assuming (r /r,), # (r./r,),,
X(r/r,),(r/r,),=y.
(If x=y, thismeansthat (r,/r,), = (r/r),)

However, three further points need to be made. First, this model may provein the end
to be no more reliable than the one which posited a mixing hyperbola, about which Faure
had his doubts. Second, it is not necessary for either the fractionation ratios to be
identical or the x and y valuesto precisely match their differences. All that has to happen
is that they be close enough so that the age reductions match to within the limits of
statistical error. Some idea of the behavior of these variables may be obtained from the
following observations. If x and y are varied while holding r constant one gets a graph
something like the one on the next page.
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Figure 2:

Fractional slope reduction
with reference isotope ratio = 1

Fractional slope

x=0-2

If one holdsy constant while allowing x and r to vary, the resultslook like this:

Fractional slope

Fractional slope

Reference isotope
ratio = 0.2-3.2

Figure 3:
reduction withy = 0.5
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Another complication is that slope reduction does not automatically translate linearly
into “age” reduction. The formulafor the reduction of an “age” is
t=In[1+s(e2-1)]/A,

Page 20 of 21

Isochron dating

Paul Giem




where s is the reduced slope divided by the original slope and a is the “age” of the
original “isochron”. The following is a graph of sversust for a= 4.5 billion years for
various dating systems.

Figure 4:
"Age" reduction as a function of slope reduction
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Note that for samarium-neodymium and rubidium-strontium dating the transformation
is nearly linear, whereas for uranium-238 dating the transformation is significantly non-
linear, and for uranium-235 dating the transformation is grossly non-linear. It is of
interest that usually uranium-235 dates are generally “older” than uranium-238 dates,
whichis predicted by thismodel. Also, neither generally match thorium-232 dates.

Finally, 1 will suggest that this model should be tested, first on whole-rock systems
that everyone can agree are mixing lines, and then with systems where there is a
disagreement between creationists and evolutionists about whether they are isochron lines
or mixing lines. The results could conceivably be helpful in resolving the impasse
between the two sides. Then again, the results may not, as the side that has more
difficulty explaining the evidence may simply retrench. At least the exercise may help to
elucidate more clearly the nature of the debate.

Having said all that, | do not believe that creationists should quit either believing in a
short time for life on earth, or in the possibility that the presently available radiometric
data can be explained using a short-age model, at least not at thistime. Now is not the
timefor usto throw in the towel.
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