
Slgnif lcance  of   the  Age  and   Identity
of   a   Volcanic  Ash   Near   Desoto,   Kansas,

with  Respect   to   the   Enclosing  Terrace  Deposits

by

Sharon  Anne   Geil
B.S.(Geology)   University  o£   Illinois,1982

B.A.    (Anthropology)   Unlverslty   of   Illlnols,    1982

Submitted   to   the   Department  o£  Geology
and   the   Faculty  of   the  Graduate   School
of   the  University  o£  Kansas   in  partial
fulfillment     of     the   requirements     for
the   degree  o£   Master   o£   Science

/ 7 Z' 7
pted

i-

I  q 8rJ

EEEiEil
OF
8rl-88

Missing Pages #105, #121-126, #142/ Figure #30 



TABLE   0F   CONTENTS

LIST   0F   FIGURES

LIST   OF   TABLES

ABSTRACT

ACKNOWLEDGMENTS

PREFACE

PART  I:     Stratigraphy,   Age,   and   Interpretation
of  a   Volcanic   Ash-Bearing   Sequence   near
Desoto,   Kansas

INTRODUCTION

GEOHORPHOLOG Y
Site   Description
Stratlgraphy   and   Sedimentology

IDENTIFICATION   OF   THE   VOLCANIC   Asl{
Petrograpl,y
Analytical   Results
Fission-track  Dating

CONCLUSIONS

APPENDIX   A:      Detailed   Terrace   Stratlgraphy
Sediment   Descrlptlon
Corlng   Data

PART     11:         Procedure   for   Flsslon-Track
Datll-ig   and   Evaluation  o£  D1££erlng
Analytical   Techniques

INTRODUCTION
Neutron   Fluence   Determl.nation

Preparation  of  standards
Etching   techl`lques
Counting   te(:hnlques

Glass   Fl.sslon-Track  Dating
Sample   collection
Sample   preparation

Page

1

2

9
9
13



Boellstor££'s   method
Irradlatlon  procedure
Etching   techniques
Counting   technlqueg
Age  calculation

Naeset.'s   method
Irradlatlon  procedure
Slide  preparation
Etching  techniques
Countl[`g   techniques
Age  calculation

Zlrcon   £1sslon-track  dating

RESULTS   0F   FISSION-TRACK   DATING
Flux   Determlnatlon
Glass   Flgsion-Track   Age
Zlrcon   Flsslon-T[.ack   Age

CONCLUSIONS

Appendix   8:      Tl`eory   o£   Flsslon-Track   Dating
Review   of   niic.lear   pliyslcg
Radioactive   decay
History  o£   fission-track  dating
Basis   o£   £lsslon-track  dating
Determlnatlon  of  an  age
Assumptions   ln   tl`e   use   of   the   age   equation

Appendix  C:        A  Conslderatlon  of   the   D1££erent
Standards     Used   and   some   of   the   Problems
with   the   Fission-.Track   Dating   Technique

Callbratlon  oE  doslmeters
Determination  of  neutron  fluence

for   a   sample   run

Appendix   D:     'Helhodology   for   Obtaln]ng   and
Flsslon-Track   Dating   Zlrcon  Phenocrysts

Sample   preparation
Slide   preparation,   lrradlatlon
and  etching

Counting   procedure
Age  determlnatlon

COMBINED    REFERENCES

1i

157
157

159
161

162

167



List  of  Figures

1     Terrace   face   with   40   cm  9rld   ln  place

2     Location  map

3     Geomorphlc  Context  of   the   terrace

4     Schematic  prof ile  of  the  exposure  of  the
terrace   face

5     Lower   horizons   of   the  paleosol

6     Basal   ash  contact
3

7     Colored  ash  layers

8     Lacustrlne  unit

9     Ash   trail

10   Morphology   of   the   Desoto   ash

11   Phenocr`ysts   from   tlie   Desoto   ash

12      White   masses   of   unknown   orlgln

13     Schematic  prof ile  of  terrace   face  with
extra  units  added

14     Variation  of  particle   size  with  depth

15     Locations  of  cores

16     Core   descriptions

17     Slantboard

18     Flsslon-tracks   in  a  dosimeter

19     Packing  arrangement  wlthln   lrradlatlon  vessel

20      Morph(jlogy   of   Borchcrs   as)I   shards

21     Flsslon-tracks   ln   the  Desoto  ash  -
Boellstor££'s   method

22     Fission-tracks   ln   tl`e   Desoto   ash   -Naeser's
method

111

Page

5

10

13

14

17

19

20

22

24

34

38

41

52

57

58

59

73

77

82

86

87

95



23     Annealing   temperatures   for   materials  commonly
dated  by   the   £1sslon-track  method

24     Comparison  of  glass  and  zlrcon   £1ssion-track
ages  as  per  Naeser

25     Comparison  of  glass   fission-track  ages  and
ages  determlr`ed  by  other  methods  as   per
Boe I I s tor i £

26     Plot  of  atomic   number   versus   neutron  number

27     Formation  of  fission~tiacks

28     Flsslon-track  etching  geometry

29     Age  range   for   £1sslon-track  dating

ill

112

113

121

131

133

138

30     Comparison  of   uranium   isotope   cross-sections.      142

31     Comparison  of   cross-sections   of   metals
commonly   used   to   calibrate  doslmeters

Llst  o£   Tables

I     Comparison  of  recently  published  chronologies
for   the  Pleistocene

2     Terrac.es   of   the   Lower   Kansa.f!   River   Valley

3     Comparison  of   names   for   Pearlette   Family
A5;lit!!;   of   t,he   Cent.ral   Plains

4     Comparison  o£   Pleistocene   ashes  of   the
Central   Plains

5     Chemistry   of   the  glass  phase  of  selected
volcanic  ashes  of   t.he  Central   Plains

6     Particle   size  data

7    Results  of  the  neutron  fluence  determinations

8     Sample   counting  data

9     Fission-track  ages  of   the  Desoto  ash

10     Standard   glass   chemistry

lv

28

31

43

53

101

106

108

153



ABSTRACT

A  layer  of  volcanic  ash  wlthln  terrace   £111   ls  located  north

o£  Desoto,   Kansas.     Terraces  along  the  Kansas  RIver  have  not  been

worked  on  extensively  since   the   1950's  and   there  were  no  absolute

dates  associated  with  them.     The  ash  was  determined  to  be  within

I ill  of  a  Buck  Creek   terrace  remnant,   which  had  been  assigned  an

Illlnolan  age.     A  determlnatlon  of  the   identity  of  the  ash  Was

based  on  shard  shape  and  color,   phenocryst  assemblage,   expected

geographic  distribution  of  di££erent  ashes,   glass  chemistry,

magnetic  polarity,   and   £1sslon-track  age  of   the  glass   shards.

All   this   information  indicates   that   the  ash   is   the  0.62  my  Lava

Creek  8  Ash   from   the   Yellowstone  area.      This  ash  has  been  used  as

a  marker   for   the  Late  Kansan.     Though   there   ls  presently

disagreement  as   to  dates   for  stage  boundaries  wlthln  the

Pleistocene,   a  Late  Kansan  ash  can  not  be  vlthln  Illlnolan  fill.

A  precise   statement  as   to   the  relatLonshlp  between  glacial   stages

and  the   formation  of  the  Buck  Creek  terrace  must  avalt  agreement

on  the  dates  o£  Pleistocene  stage  boundaries.

The  methodologies  of  both  Dr.   John  Boellstorff  and

Dr.   Charles   Naeser,   respectively,   were   followed   ln  dating   the

glass  shards,   and  Naeser's   technlque8  were   followed   ln  an

unsuccessful   attempt   to  date  zlrcon  phenocrysts.     Several

problems  exist   in  determining  glass  and  zircon  fission-track

ages,   including  uncertainties   ln  neutron   fluence  determination,

V



£1sslon  decay  rate  of    a3'U,   and  proper  procedure  for  etching  and

counting  glass  shards.     Though  alluded   to   in  the  main  text,   a

discussion  of  these  problems  ls  reserved  for  an  appendix.     It  is

the  author's  oplnlon  the  a   ¥    factor  method  of  age  determlnatlon

should  be  used  and  an  lnterlaboratory  age  standard  set  up  for

glass   fisslon-track  dating.     A  declslon  as   to  whether   to  use   the

bulk  etch  technique  or  polished  slide  technique  should  be  based

on  research  goals,   and   the  age  and  morphology  of   the  shards.

Though  the  polished  slide  technique  probably  results  ln  more

precise  age  determlnatlons;   the  bulk  etch   technique   ls  much

faster   for   £1ne   grained,   young  ashes  and   should  yield  reasonable

dates.      Its  use  as   a  prellmlnary  method   to  determine  sultabllLty

of  a  particular  ash  sample   for   flsslon~track  dating  is

recommended .
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Preface

The  research  undertaken  for  preparation  of  this  report   I its

naturally   into  two  categories.     Primary  motlvatlon  for   the  study

Was  an  e££ort   to  obtain  and   interpret  an  absolute  date   for

terrace  alluvium,   a  heretofore  unknown  aspect  of  Kansas  River

history.     However,   this  attempt  led   to  encounters  with  the

lntrlcacles  o£  fission-track  dating  of  volcanic  ash  and  the

necessity   for  evaluating  dl££erlng  laboratory  procedures.

The  dichotomy  Within  the  research  required  that  the  report

also   be   ln   two   parts,   each  of  which  could   stand  alone.      Part   I

describes   the  conventional   geological   1nvestlgatlon  of  a

sedimentary  sequence  and  associated  land   forms,   an  absolute  date

obtained  for  one  specific  horizon,   and  possible  correlations  With

existing  relativistic  chronologies.     Part  11  describes  and

evaluates  laboratory  procedures  used  to  obtain  the  absolute  age

of  a  volcanic  ash  present   ln  the  sedimentary  sequence.
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PART   I

STRATIGRAPHY,    AGE,    AND   INTERPRETATION

0F   A   VOLCANIC   Astl-BEARING   SEQUENCE

NEAR   DESOTO,    KANSAS



INTRODucrloN

Alluvlal   terraces  are  common  along  many  rivers  and

streams.     Obtalnlng  an  understanding  of  the  formatlon  and  age  of

these  terraces  can  contribute  to  an  under3tandlng  of  the  geologic

history  of  the  entire  watershed.     However,   1t  ls  dl££1cult  to

assign  an  age  to  an  alluvlal   terrace.     As  the  terrace  ltself  ls  a

two-dlmenslonal   surface,   there  ls  no  material   to  which  one  can

assign  an  absolute  date.     The   £111   below  a   terrace  usually  can  be

assigned  only  a  relative  date  with  respect  to  the  age  of

materials   with  which   lt   ls   ln  contact;   for   example,   the   Buck

Creek   £111   truncates  Kansan  glacial   deposits  and   ls  capped  by  a

well-developed   (Sangamon?)   soil  and/or  dlscontlnuous  Peorlan

Loess   (Davls   and  Carlson,1952).

Vhlle   the   tLmlng  of   terrace   formatLon  vLth  respect   to   the

stages  o£  Pleistocene  chronology  has  frequently  been  discussed,

the  absolute  dates  of  these  stages  are  not  agreed  upon  (see

Boellstor££,1978;   I)ube,1985;   Reed   and  Dreezen,1965).      A

comparison  of  some  of  these  chronologies   ls   ln  table   1.     The

existence  of  datable  material  vlthln  terrace  £111  Would  thus  be

of  great  value.     A  volcanic  ash  Ls  ;n  e<xcellent  candidate

(Swineford,1963).

Approximately   I.8  kin  north  of  Desoto,   Kansas  a  terrace  and

associated   f ill   have  been  exposed   ln  a  drLvevay  cut.     This

2
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Table   1.     Comparison  of  recently  published  chronologies   for   the

Pleistocene.         A)      Beard,1969.         Marine,      based   on   planktonlc

data,     paleotemperatures  and  magnetic  polarity   information   from

Gulf   o£   Mexico   cores.         8)         Boellstorff,1978a.        Continental

record     correlated     with  oxygen  isotope   stages   in   the     Gulf     o£

Mexico     and     dating     at     Vrlca,      Italy;      sugges.ts     revising     or

dropping  Pleistocene   stage   names   and  uses   ''chronozones''.

C)      Dube,      1985.         Tentative   Mldcontinent   record,   based  on   best

dates     of   type   sections.        D)      Dube,1985.         Marine   conceptual

l!idcontinent,        based     on    correlation     of       paleotemperatures,

eustatic     cycles,     and     oxygen     isotope   stages   in  the     Gulf     o£
•   Mexico.         E)      Van   Eysinga,1978.         Accepted   as   standard   by   the

Geological      Society     o£     America.         F)         Smith,      1985.         Marine

record,   based  on  all   available  data   from   the  Gulf  o£  Mexico   and

Vrlca,      Italy.        G)      Hanklneriand     D;lrymple,1979.        Magnetic

polarity,   black   =  normal.
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location  ls  herein  named  the  Dalaba  Site  after  the  present

property  owner.     The   terrace   £111  contains   four  main  sedimentary

units   including  a  volcanic  ash   (See   £1gure   1).     The  lowermost

sediment   ls  alluvium  conslstlng  of  alternating  sand  and  clay.     A

paleosol  Was  developed  ln  this  alluvium  and  then  partially

removed  by  erosion.     A  volcanic  ash  was  deposited  on  the  eroded

surface,   followed  by  deposltlon  of  lacustrlne  sedlments.

Finally,   a  loess  cover  was  deposited  on  the   terrace  surface.

There  are  four  terraces  generally  recognized  ln  the  lover

Kansas  River  valley,   their  names  and  heights  are   listed  ln  table

2.     The   terraces   along   the   lover   Kansas  Rlver'vere   mentioned   ln

various  reports  during   the  mid   1930's  and   40's.      Serlou3  study

began   ln  the  early   1950's  with  work  by  Davls   (1951)   and  Carlson

(1952).     At   that   time   lt  was   thought  that  one   terrace  had  been

formed  during  each  of  the  last  three  of  the  four  periods  o£

continental  glaclatlon  of  classical  Pleistocene  terminology.

Obtalnlng  an  absolute  date  on  material  wlthln  one  of  these

terraces  can  be  used   toward  testing  this  hypotheslg.

Davls  and  Carlson   (1952)   made  detailed  studies  of  those

terraces  between  Lawrence  and  Topeka,   Kansas.      They  stated  that

the  Kansas  River,   as   lt  exists  today,   formed  during  the  Kansan

9laclatlon  as  an   ice-margin  stream,   though  a  precursor  stream

existed  during  the  Nebragkan  9laclatlon.     The  valley  of  the

Kansas   Rlver   was   I llled   with  up   to   80   feet  o£  9laclal   outwash,

£ormlng  the   Nenoken  Terrace  8urface.     During  the   Illlnolan



Figure   1,         Terrac:e   face   with   40   cm  9rld.      The   four   main

sedimentary       units     are     labeled     as     interpreted.          A

paleosol   is  developed   in  the  upper  part  of  the     alluvial

sequence     -note     dark  horizon  below   light-colc}red     ash,

The     base     of   the   paleosol   is     approximately     coincident

with     the   top   fence   strand.         (Clippers   =   1     in)         (June,

1984 )

ife,
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TERRACES   OF   THE   LOWER   KANSAS   RIVER    VALLEY

Height                                      A9i

Holllday  complex           (part  o£   £loodplaln?)                  Recent

Newman

Buck   Creek

Menoken

2.5   in  above   floodplaln               Wlsconslnan

llm  above   floodplaln                   llllnolan

24-30m  above   floodplaln            Kansan

adapted   from   Davls   and  Carlson,    1952

Table   2.      The   ages   listed  are   those   generally   assumed   for   the
respective   terraces.      The   heights  are   averaged.  from  Davis  and
Carlson   (1952).       The   Newman   Terrace   was   largely   covered   by   water
during   the   1951   Kansas   River   flood   (Mccrea,1954).      The   Holliday
Complex  contains   several   low   scarps,   and   though  generally   recog-
nized  as  a  terrace,   it  was  included  as  part  of  an  irregular
floodplain  surface   by   Davis  and  Carlson.



9laclatlon,   the  valley  wag   lnclsed  50   to  60   feet  and  then

aggraded  to   35   feet  above   the  modern  £1oodplaln  level.     The

resulting  surface,   preserved  only  at  the  mouths  of  tributary

streams,   1s  known  as   the  Buck  Creek  Terrace.     Another  cut-fill

cycle  occurred  during  the  Wlsconslnan  9laclatlon  formlng  the

Newman  Terrace.      This   terrace   ls  still   being  aggraded  by

exceptionally  severe   floods.     A   fourth  possible  terrace,   the

Holllday   Terrace   Complex,   was   defined  by  Hccrea   (1954)   and  named

by  Dufford   (1958).      It   ls  a  complex  of  several   small,   scarped

Surfaces  which  Davis   and  Carlson   (1952)   included  as

lrregularltles  on  the  modern  floodplaln  surface.

The  terrace  at  the  Dalaba  Site  ls  probably  a  Buck  Creek

Terrace  remnant  on  the  basis  of  comparlsons  of  terrace  height  and

£111  with  published  data.     Both  the  Buck  Creek  Terrace   (surface)

and  the  underlying  alluvium  have  been  called   Illlnolan   (Davls  and

Carlson,1952),   but  on  the  basis  of  very  little  evidence.     If  the

included  volcanic  ash  can  be  assigned  an  absolute  date,   lt  can
'then  be  used  to  obtain  a  better  de£1ned  age   for  the  terrace.     The

ash  vas  lnltlally  inferred  by  the  author   to  be  a  Pearlette  ash

(e.g.   a  Yellowstone   source  ash)   on  the  basis  of  color,   shard

shape,   and   the  absence  of  blotlte  phenocryst8.

Part  I   ls  organized  ln  the  order   ln  which  lnformatlon  was

obtained.     Descriptions  of   the  general   geomorphology  and

stratigraphy  of  the  terrace   fill  are  presented  first.     There  then



follows  a  dlscusslon  of   ldentl£1catlon  of  the  volcanic  ash,   £1rst

on  the  basis  of  petrographic  evidence,   then  according  to  ltg

£1sslon-track  age.     These  data  lead  to  conclusions  regarding   the

slgnl£lcance  o£  its  presence  at  this  specl£1c  locality.     Details

of  laboratory  procedures  and  analyses  are  9lven  ln  Part  11.



Site  Description

GEOMORPHOLOGY

The   ash   is  exposed   in  a  driveway  cut  along  the   face  of  a

small,   triangular   terrace  remnant  on  the  north  side  of  the  Kansas

River   approximately   1.8   kin  north  of  Desoto,   Kansas,   off

I.eavenworth  County   road   26   (see   figures   1   (1n   Introduction)   and

2).      The   Land   O££ice   Grid   location   is   SW   1/4,   NE   I/4,   NE   1/4,

sec   21,   T.    12S,   R.    22E.      This   locality   has   been  designated  as   the

Dalaba   Site   by   the   author.      The   Stanton  Limestone  of   the   Lansing

Croup,   Missourian   Stage   of   the   Pennsylvanian  crops  out  on   the

valley  walls   to  either   side  of  this   terrace  remnant   (see

figure   3.)

The  main   face  of  the  exposed   terrace   £111   is  about   four

meters   (12   £t)   high   and   about   £1ve   meters   (16   £t)   long.      The

terrace   surface   ls   at  an  elevation  of  nearly   815   £t   (250   in).1

This   is   about   35   feet   (10   in)   above   the   £1oodplain.      Elevations   of

the   rolling   uplands   can  reach   1000   £t   (305   in)   vlthln  a  mile   of

the   Kansas   River.      Drainage   ln   the  uplands   ls  generally  good.

Mean   annual   rali`£all   ls   about   351n/yr   (8.9   cm/yr)   and   the   mean

annual   temperature   ls   about   54.F   (12`,2°C).

1.   Measurements   ln  both   English  and   metric  systems   are   used
throughout   this   report.      When  the  orlglnal   measurement  was  made   ln
the   English   system,   a  metric  equivalent   will   be   given.      English
equivalents   to   metric  measurements  will   be   given  only   to  add
clarity   to  a  specif ic  discussion.     The   first  measurement   ls  9lven
in  the  original   system  of  measurement.



Figure     2.        Location  map.        The   terrace  containing   the   volcanic

ash   is   located  across   the  Kansas   River   from  the  city  o£     Desoto,

Kansas,   at   the  posltlon  marked   ''Dalaba   Slte''.
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Figure   3,     Geomorphic  context  of  the   terrace.      In  the   foregrocr,a

is   the   modern   Kansas   River   floodplain.         The   snow  delineates   the

labeled     land  surfaces   in  the  background.        I.imestone  crops     oQt

from     the     v.alley   wall   at  a   level   below   the   Buck     Creek     surface

both     east  and  west  of  the   terrace  remnant.        The  diagor,al   slope

ls   the   Dalaba   residence   driveway,      (Dec.,1985)
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Four   terraces   have   been  recognized   in   the   lower  Kansas   River

Valley    (Davis   and   Carlson,1952;    Hccrea,    1954;    Holien,1982),

their  names,   heights  and  presumed  ages  are   listed   ln   table   2   in

the   Introduction.      A  determination  of   the   identity  of  the   terrace

remnant  at   t.he   Dalaba   Site   is  complicated  by   its   small   areal

extent.      The   following   methods   were   used   to   establish   which

terrace   is  present  at   tile  Dalaba  Site.

Tllough   the   terrac:e   surface   has   been  scraped  by  a  bulldozer

by   tlie   property   owner,    it   ls   still   about   815   £t   (.250   in)   1n

elevation   (the   ash   ls   at   an   elevation  o£   810   £t   (0'Conner,

1971)).       The   Newman   Terrace   is   flooded   during   major   floods

(Mccrea,    1954),   wl`lle   the   present   terrace   surface   at   the   Dalaba

Site   is   about   15   £t   (4.5   in)   above   the   level   reached  by   the   last

great   flood   in   1951.      The   Buck  Creek   Terrace   is   at   an  elevation

o£   880   £t    (270   in)    at   Buck   Creek,    KS,    and   at   785   £t    (240   in)    at

Holllday,   KS,    (Davls   and   Carlson,    1952)   which   lndlcates   the

e]evatlon   at   Desoto   sliould   be   approximately   815   £t   (250   in).

El.evatlol`s   ft)I   tl`e   Me!\oken   Terrace   at   Lawrence,   KS,   and   Holllday,

KS,   are   925   £t   (280   in)   and   890   £t   (270   in),   respectively   (Davls

and  Carlson,1952).      These   towns   are   approximately   equidistant   up

and  down   t.1ver   from   Desoto.      Thus,    1£   the   remnant   were   part   of

the  Mel`oken  Terrace,    its   surface   should  be   at  an  elevation  of

about   900   ft   (275   in).      The   elevation  of   the   terrace   remnant   at

the  Dalaba   Site   is   therefore   consistent   with   the   elevation  of   the

Buc!'.   Creek   TerraL.c.
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The   Menoken   Terrace   fill   has   a   bedrock   floor   which   ls   about

20   £t   (6   in)   above   the   present   £1oodplain   (Davis   and   Carlson,

1952).      Though   bedrock   crops   out  of   the   valley   wall   to   either

side  of   tlie   terrace  at   the   Dalaba  Site,   there   is  no  evidenc:e   that

the   terrace   i ill   is   lain  on  a  bedrock   floor  above  present   flood-

p|ain   level.      The   description  of  Buck  Creek   fill   given  by   Davis

and  Carlson   (1952)   includes   the   presence   of  a   well-developed   soil

(which   they  called   Sangamon)   at   the   surface   and  a  discontinuous

loess   (Peorian)   cover.      The   t.errace  at   tlie   Dalaba   Site  contains  a

paleosol   developed   in   the   alluvial   I ill   and  a   relatively   thick

loess   mantle.      For   these   {idditional   r-easons,    the   terrace   is   most

likely   a   Buck   Creek   Tet`race   remnant.

Stratigraphy  and   Sedimentology

The   terrace   fill   at..   the   Dalaba   Site  consists  o£   four   main

units,      These   are   the   lower   alluvlal   sequence,   paleosol,   volcanic

ash   all(i   1acustrlne   material,   and   a   loess   cover   (£19ure   4).      A

different   sedimentary  environment   is   required   for   the  deposition

and/or   preservatl6n  of  each  of   these   four   main  units.      A  general

description  of  each  of   these  units   follows.     Detailed  descrip-

tions  and  particle   size   ai`alyses  of  each  sub-unit  can  be   found   ln

Apperidlx   A.

The   lower   port:lan  of   the   exposed   te.rrace   £111   consists   of

alternating   sand   and   clay.      Nearly   all   contacts   are   sharp,

commonly   outlined   ljy   ses{iuioxides.      One   sand   1.ayer   plnchcs   out

13
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Figure     4.        Scrlematic     profile  of   the  expost]re  of     the     terrace

face.      Compare   this   drawing   with   £1gure   1.       (Drawn   June,1984.)
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within   the   limits   of   the   exposure.

Within   the   upper   [t{irt   of   the   alluvlal   sedlments   the   presence

of  manganese   nodules   and   root  casts  outlined  with  sesquloxldes   ls

evi(lent   (figure   5).      Upon  closer   examination,   a   vertical   color

change   from   dark   brown   (7.5YR4/4)    to   pale   brown   (10YR6/3)    is

visible  within  portions  of  the  uppermost  clay  sub-unit.     Particle

size  analysis  of   these   upper   alluvlal   sub-units   (see  Appendix   A)

dt]es  not  allow  nearly   the  alternation  expected   for   sand  to  clay

alluvlal   sub-units.      Weak  blocky   structure  and  clay  skins   (clay

ac.cumiilatlol-is   around   soil   [iartlcle3)   are   also   present.      These

observations   suggest,   the   pt`esence   of  a   paleosol   at   tl`e   top  of   the

al]uvlal   seq`]erice.      Pedogenlc  pt`ocesseg   have   reduced   the   particle

size  variations  at   the   top  and   it   is  likely   that  added  organic

matter   has   c.aused   the   color   c;hange.      The   lower   limit  of  observed

pedogenic   influence   is   within   the   lowest   clay  unit  depicted   in

£1gure   4,   approximately   150   cm   below   the   color   change.

This  darker   portion  of   tl`e   uppermost  alluvlal   clay   ls   not

present  across   the  entire  exposed  terrace   front,     Indeed,   the

contact  between   tl`is   clay  and   the  overlying  ash   ls   very   sharp  and

irregular.     Thus,   it   is  probable  that  a  substantial   portion  of

the   paleosol   has   been   removed   by   erosion.      Moody   (pers.   comm.,

1985)   interpreted   the   upper   part  of  what  remains  as   a  buried  82

horizon.

The   overlyin{j   unit   is   a   volcanic  ash  composed   almost

16



F19ure   5.      Lower   horlzons   of  paleosol.      Many   mottles   are  visible

on     the  scraped  surface.        Several   root  casts  are  present,     some

marked     by     arrows.        Black  manganese   nodules   are     also     common.

Location    of     the  view  on  figure   1   is   the   scraped     area     to     the

lower   left  o£,the   measuring   tape.      (Trowel   =   12   cm.)
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entirely  of  glass  shards.     Wllcox   (1965)   stated  that   ln  order   to.

preserve  ash,   sedimentation  should  be  continuous,   such  as   ln  a

lake  or  valley  bottom.     The  lower  contact  includes   irregularltles

such  as  burrows  and  upward  prominences  of   the  .paleosol.     There   ls

no  recognizable  sediment  between  the  paleosol  and  the  ash,   thus

erosion  and  deposltlon\were  probably  not  widely  separated   ln

time.     These  suggest  that  though  erosion  had  taken  place  falrly

recently,   the  area  was  covered  with  standing  water  when  the  ash

fell.     The  preservation  of  a  sharp  upward  protru§lon    of  paleosol

(see   f lgure  6)   indicates   that   the  water  was  not   flowlng,   or   lt

would   have   been   removed.

The  ash  bed  consists  of  three  dl£ferent  portions  which  are

white,   pink,   and  green  colored,   respectively   (see   £1gure   7).     The

entire   ash  bed   ls   10   to   20   cm  thick..   The   lowest  portion  consl8ts

almost   entirely  o£  glass   shards   and   ls   white   (10YR8/2)   ln  color.

This  portion  ls  only  0   to  7  cm  thick  and  ls  interpreted  as  an

air-fall   ash.      As   Swlneford   (1963,   p.   360)   stated,   t'It   ls

dl££1cult  to   lmaglne  how  segregatlons  of  shards  95  percent  pure

formed  under  any  condltlons  other   than  those   that   lmmedlately

followed   the  eruption."       Further  evidence   includes  the

combination  of  an  extremely  sharp  and   irregular  lower  contact,

and  gradatlonal  upper  contact;   preservation  of  delicate  skeletal

zlrcon  phenocrysts;   and   the  composltlon  of   the  upper   two  colored

portions.     The  pink  and  green  portions  contain  lncreaslng  amounts

of  clay,   respectively,   and  are   interpreted  as  secondary  ash

18
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Figure   6.        Basal   ash  contact.        As  can  be   seen   in   figure   1.   the

basal     contact  contains  both  upward  protuberances   (as  above)   and

down-ward  projecting  burrow   fills.      This  view   is   a  close-up  of  a

portion    of     the     contact.        It   ls  probable     t`nat     the    ash     tJas

deposited     in    a     standing    body     of  Water     not     long    after     an

erosional   event.       (Trowel   =   12   cm)
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Fl9ure   7.        Colored  ash   layers.      The   approxlmat.e   contacts   of   :he

three     dlfferently  colored   layers  of   the   as!`   are   marke.a     by     t:r.e

dowels.           These       are     the     green     pink,        and     white        layers,

respectively.     Note   the   frlable  appearance  of   tl`e  whit,e   layer   ln

contrast     to     the  clay-rich  appearance  of  the   two  upper     layers.

The  transition  zone   is  blocky  and   ls  best  developed  to   the   right

of  the   tape  measure.     The  brown  area   to  right  center   is  a   filied

burrow.
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deposlt3  washed   ln  from  gurroundlng  areas,      The  central   (pink)

portion  makes   up   the  bulk  of   the  ash   thlcknes3  and  Was  probably

washed  into  the  deposltlonal  basin  shortly  after  the  orlglnal

air-fall.     Using  the  Hunsell  color  system,   the  color  ranges  from

plnklsh  white   (7`.5YR8/2)   to   very   pale   brown   (10YR7/4)   1n  color,  .

averaging  pink   (7.5YR8/4).      The  upper   (green)   portion  varies   from

light  olive   gray   (5Y6/2)   to  grayish  yellow  green   (5GY7/2)   1n

color  and  ls  a  very  plastic,   though  glass-rich  clay.

An  alteration  zone  up  to  two  centlmeters  thick  ls  present

between  the  green  portion  and   the  overlying   lacustrlne  sedlments.

This  zone   ls  very  blocky   in  texture  and  probably  consists  of

highly  altered  ash.      This   zone,    though   somewhat  mottled,    1s

approximately  grayish  green   (10GY6/2)   in  color.

The  material  directly  above   the  ash  can  be  parted  along

horizontal   lamlnatlons.     This  sub-unit  ls  more  clay-rich  than  the

overlying  loess;   1t  can  be   rLbboned  between   the   flngers  and  shows

clay-cracks  when  dry   (see   £1gure   8),   unlike   the   loess.     This  can

be  attributed  t6   the  alternating  silt  and  clay  lamlnatlons,   much

`   like  varves,   which  are  present.     This  material   was   interpreted

as   lacustrine   by   Moody   (pers.   comm.,1985).      Moody   also   located

clay  skins  near  the  center  of  the  lacustrine  unit  and  interpreted

the  presence  of  a  weak   8  paleosol   horizon.      The  contact  between

the  lacustrine  sediment  and  the  overlying  material   ls  erosional.

A  slight  color  change  also  occurs.     The   lacustrine  material   is

pale   brown   (10YR6/3)   while   the   overlying   sediment   is   brown   to

21



Figure   8.        Lacustrine   unit.        Laminations  within  the   lacustrir`.e

unit   (above   the   ash)   are   visible   in  the  unscraped  portion   to   the

left     in  the  figure.        In  the  scraped  portion,     note     the     color

change     at     the     same   level   at  which   the     laminations     disappear

(arrow).        The   darkened   zone  of   the  paleosol   1s   also   visible     in

•  .the   scraped   portion.       (Trowel   =   35   cm)
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yellow   brown   (10YR4-5/4).       Maiiganese   nodules   are   common

throughout  this   sub-unit  as  well   as   throughout   the  underlying

ash.

All   the  sedimentary  units  discussed  thus   far  are  cut  by  a

large  channel-lir`e   feature   which  can  be   seen   in   the  re-entrant

near   the  east  end  of   the  exposed   terrace   face   (see   figure   i).     On

both  sides  of  this   feature  a  wispy   trail  of  ash  particles  can  be

traced  downward   from   the   level   of   the  erosionally   truncated

primary  ash  bed  and     could  even  be   followed  across   the  excavated

floor  of   the  re~entrant  about   10   cm  out   from  the   present  vertical

terrace   face    (see    flgl.Ire   9).      Four   small    (abou.t   I   X   2   cm)

pebbles  o[  siltst,orie  and  chert  were   located   ln  the  east  corner   of

the  re-entrant   behind   the   asli   trail   wlthln   the   £111.      A   few

similar  pebbles   were   found  at  various   locations   in  the   fill,   but

never   more   than  about   30   cm   from   the   edge   of   the   feature.      A

block  of   material   (about   28   X   8   cm   ln  size)   composed  of  granular

silt  ai`d   ash   particles   was   foui`d   about   35   cm  out   from   the  ash

trail   within   the   fi]l.      Its   location  is  visible   ln  figure  1  and

lt   is   shown  schematically   ln   flgure   4.      As   ls  also   shown   ln

figure   4,   there   is  an  anomalous   33  X   15   cm  block  of  sand   located

at   t!`e   eroded   end   of   the   ash.

All   of   these  oc(:urrences  can  ,be  explained  by  postulating

the  existence   {)£  a  chai`nel   cut   into   the   sedlments   approximately

parcillel   I:o   the   present  exposure.      The   re-entrant   in  which   this

chalinel    is   visible   has   been   eroded   back   farther   into   the   terrace
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Figure   9.      Ash   trail.      The  ash   trail   is   visible  on  the   west  .Jall

of   the   re-entrant   just   left  of   the  arrow   in   figure   1,      The   arrow

marks     the   location  o£   10   8.        A)     Close-up  of   the   ash   trail     at

the     base     of   the  exca`.'ated  re-entrant  as   it   starts     across     the

floor.        The     arrow   indicates   the   largest  of   several   ash   patLches

along     the   trai.1.        The   ash   trail   marks   the   contact   between     the

gray  alluvial   clay  and   the   tan  loess  channel   fill.     8)     Block  of

granule     sized     ash  and   silt.        The   locationof     this     block     is

indicated     on  both   figures   1   and   4.        Though  cut  by   a   borrc>.i     to

the     right,      the  contacts  are  very  sharp.        It   is  possible     this

block     was   emplaced     in  the   loess   fill   when   it   was     frozen.        C)

Ash     trail     on  the  east  wall   of  the  re-entrant.     A   large     burrou

c:uts   the   trail   beh]nd  the   tape  measure.

D)        Close-upof   the   baseof   the   easterna5h     trail.        Not.e     t.he

pebbles   (arrows)   present   in  the  loess   fill.     It   is  not  knoun  tjhy

the  eastern   trail   ls   more  wispy   than  the   western   trail.      (Trowel

=   35   cm,)
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face   tlian   the  portion   in   whicl}   the   ash   is   present   and   thus   has

cut   into   the   slcle   o[   I.!ie   i.liannel.      The   ash   t.t`all    ls   interpreted

as  slope   wash   from   erosion   of   the   main  ash   body   down   the   sout.h

side   of   the   cl`alll`el.      Tllls   explaliis   its   presence   on   botli   apparent

(E/W)   sides  of   t.he   channel-like   feature  and   lndlcates   that   the
\

asl`   was   oi`ce   iTlucli   mo[.e   extensive.      Furthei`    lnformatlon,   derived

from   taking  core   samples,   on   t}ie   location  and  extent  of   this

c}]aiit.let     1s    ln    AL)i`eiidlx    A.

In   fact,    the   ]rlnd   owii.r   reported   trifit.   the   asll   once   cropped

out   alcli.ig   his   preseiir.   il[.lvew,3y    (10   meters   aw,3y)    be£`)re   he

bulldo:ed   tile    faL.a   i.tf    the    t.el.race    £\lrt.Iier   bat:t'L.       [le   scat..cd   t.hat.

t|ie  asli   l]ad   the   san`e   9ei`eral   appearance   aiid   tl]lckness   as   ln   tl`e

present   exposure.      Snicill   bloc.ks   o€  gtaiiular   ash  and   silt,   similar

to   tliat   ln   figuie   9,   as   well   as   small   concentratlol`s   of  ash  are

also   presellt   ilit.crn`itt.ent,1y   both   east   and   west   of   the   scrag)ed

teirace   fat;a   at.   I}ie   s.3me   gene[.al   level   as   the   ash   bed.      These   are

interpret:ed   as   being   rimlog{)`]s   to   tlie   cisll   t.rail,   and   indicate

th,3t   tlie   asli   was   once   mucli   more   extensive   than   at   present,

The  material   above   the   lacustrilie   sub-unit  on   the  main

terrace   face   ls  a  clayey  silt.      This  material   overlays   the  eroded

edges  o€   ltot,li   the   ldcustriT]e   sub-unit  and   the   ash.      It   then

grades   into   a  very   mixed   unit   which   ls   present   to   varying  extents

all   the   h'ay   around   tlie   lower   perimeter   of   the  channel-like

feature.      The   ash   ti-ail   is   ii`cluded   within   this   mixed   sub-unit.
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The  mixed  s`]b-unit   is   interpreted  as  slope-wash   with  varying

amounts  of  each  of   the  eroded  units  as  components.      The  contact

between  the  clayey  silt  sub-unit  and  the  overlying  loess   is

9radatlonal.      Moody   (pers.   comm.;    1985)   located   a   822   soil

horizon  Within  this  material   (which  extended  into  the  lacustrlne

sub-unit  below)   on   the   the  basis  of  the  presence  of  clay  skins.

The  area   in  which   the   lacustrine  material   accumulated  was

probably  at   least  occasionally  moist  after  continuous  deposltlon

of  lacustrine  sediment  ceased.     It  is  possible   that  it  was  the

accumulation  of   loess   which   £1lled   ln   the  pond.

As  has  been  previously  stated,   the  uppermost  unit   is

interpreted  as   loess.      This   material   ls   massive   and  composed

primarily  of  silt   sized  quartz.     The  accumulation  of  generally

homogeneous   slit  of   so  great  a   thickness   ls   hard   to  explain  by

any  mechanism  other   than  as  air-borne  silt.     Its  presence  near  a

major  river   valley  wlthln  an  area  of  known  loess  deposltlon

supports   this   c:onclusion.      Moody   (pers.   comm.,1985)   located

Several   lnciplent   soil   horlzons   wlthln   this  unit.      A  modern  soil

|s  developing  tJithin  the  loess  beneath  the  present  terrace

sur face .
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IDENTIFICATION   0F   THE   VOLCANIC   ASH

:ffi:,

The  presence  of  various  Cenozolc  volcanic  ash  lentils  wLthln

the  Central  Plains  has  been  known  for  a  long  time   (Herrlll,

|885).        The   name   ''Pearlette   Ash"   was  given   to  ash   ln  a   lentil

along  Crooked  Creek   Valley   ln  Heade   Co.,   Kansas   by   Cragln   (1896).

Frye  and  Leonard   (1957,   p.6)   state   that   this  ash   fall   "occurred

|n  the  last  phase  of  Kansan  deposltlon".     The  Pearlette  Ash  can

be  dlstlngulshed   from  other  Pleistocene  ashes  on  the  ba31s  o£

petrographic  and  chemical   analyses   lncludlng:     shard  shape,

color,   and  number   and   type  of  vesicles;   phenocryst  assemblage;

and  glass  chemistry.      Boellstor££   (1973a   and  b)   found   the

Pearlette  Ash  to  be  actually   four  separate  ashes  of  dl££erent

ages,   but  all   from  a   Yellowstone  source  area.      It   ls  now

generally  accepted   that   three  ashes   from   the   Yellowstone  source

area  reached  the  Central   Plains   (Izett  and  Wllcox,1982).     These

ashes  can  be  dlstlngulshed   from  one  another  by   the  magnetic

polarity  of   the  ash   (Reynolds  and  Larson,   1972),   and  by   £1sslon-

track  dating  of   the  glass  shards   (Boellstor££,   1973a)   or     zlrcon

phenocrysts   (Naeser  gi  aL   1973).

Three  different  sets  of  names  are   ln  use   for   the  Pearlette

famlly  of  ashes   (see   table   3).     Izett  at  a|.   (1970)   recognized

that  the  Pearlette   Ash  on   the  Great  Plains  consisted  of  at  least

two  different  air-fall   ashes.     By  1971,   the  air-fall  equivalents

of  the   three   major   pyroclastlc  events   ln   Yellowstone   had  been
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comparison  of  Names   for   Pearlette   Family  Ashes  of  the  Central   Plains

Boellstor££,1976           Naeser   e±  al.,1973

glass   £-t                         zircon  I-t

Izett   and   Wllcox,    1982
magnetic  polarity
sanldlne   K/Ar

pearlette
( res tr icted )

0.61    my

l'artford
0.74    my

Coleridge

1.21    my

Borchers

1.97   my

Type  0  Pearlette

0.6    my

Type   S   Pearlette

1.2    my

Type  8  Pearlette

2.0    my,

Lava  Creek   a
normal
0.62   my

Mesa   Falls
reversed
1.27   my

Huckleberry  Ridge
horlzonal
2.02   my

Table   3.      At   least   two   sets   of   informal   names   have   been  suggested
for  the  members  of  the   Pearlette   famlly  of  ashes  since   lt  was
recognized  as   being  more   than  a   single  ash-fall.      Since   then,   much
work  has  been  done   on   t}le   Yellowstone   source  area  and  the   ash-falls
have  been  correlated   with   their   ash-flow   tu££  equivalents  on  the
basis  of  magnetic  polarity,   chemical   and  petrographic  means
(Reynolds,1975).      The   dates   listed   were  obtained   by   £1sslon-track
(I-t)  dating  of  the  glass  sJlards  and  zircon  phenocrysts,   respec-
tively,   and  by  K/Ar   dating  of  sanldlne   phenocrysts  wlthln  the  ash-
£|ow  tu££s.      It   has  been   suggested   that   the   flow  names  be  used   for
their  ash-fall   equivalents   (Izett  and   Wllcox,1982).      The   Hartford
ash  has  been   found   ln  relatively   few  localltles  and  never   (to   the
author's  knowledge)   in  stratigraphic  association  with   the   Pearlette
ash   (restricted).      There   is   no   Yellowstone   flow  of   this   age   and   it
is  generally   assumed   to   be   a   Lava  Creek   a   Ash.
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Fgrl,
|dentl£1ed  within   the  Great  Plains  and  were  provl51onally  termed;

pearlette  type  0  ash,   Pearlette  type  S  ash,   and  Pearlette  type  a

a3J}  by  Naeser   ei  al.    (1971).      Boellstor££   (1973a)   objected  to   the

basis  on  vhLch   these  names  had  been  applied  and  proposed   that   the

Pearlette  type  0  ash  was  actually  two  dl££erent  ashes.     In  order

to  avoid  confuslon,   he  retained  the   ''Pearlette"  name   for  only  the

youngest  Yellowstone   ash.      The  other  names  were  derived   from

9eographlc  localltles  close   to  designated   type  areas.     These

names  are  as   follows;   Pearlette  ash   (restricted),   Hartford  ash,

Coleridge   ash  and   Borchers   ash.

The  Pearlette  controversy  on  the  Plains  heightened   interest

|n  study  of   the   pyroclastlc  material   wlthln   Yellowstone   Park

|tsel£.     In  1975,   Reynolds  conclusively  correlated  the  air-fall

ashes  to   their  correlative   tu££s  based  on  magnetic  polarity  and

published  chemical   and  petrographlc  data.`     A  map  o£  Pearlette

fam|ly  ash  occurrences   (Izett  and   Wllcox,   1982)   uses   the   Yellow-.

stone  ash-flow  tu££  names.     This  set  of  names  will  be  used

throughout   this   thesis,   except   for  specl£1c  references   to  use  of

the  Borchers  ash  as  an  lnterlaboratory  standard  ln  Boell3tor££'s

methodology.      The   Yellowstone   names  are  as   follows;   Lava  Creek   8

Ash,   Hesa  Falls   Ash   and  lluckleberry  Ridge   Ash.

In  an  eEfort   to   ldentlfy   the  ash  at  Desoto   (herein  called

the  Desoto  ash)   several   techniques  were  used   ln  addltlon  to

absolute  dating.      These   techniques   were  determlnatLon  of  glass

chemistry,   Petrography,   general   morphology  of  the   shards,   and
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magnetic  polarity,

There  are   three  source  areas   I ron  vhlch  volcanic  ash  Was

carried  to  the  Great  Plalns.     Each  source  yielded  a  dlstlnctlve

form  of  glass  shards  vlth  dlstlnctlve  physical   and  chemical

properties.     The  ashes  which  reached  the  Great  Plains   from  each

of  these  three  source  areas  are  the  Gua]e  Ash   from  the  Valles

Caldera   ln  north  central   New  Mexico,   the   Bishop  Ash   from  Long

Valley  Caldera  ln  central  Callfornla,   and  the  Pearlette  famlly

of  ashes   from   the   Yellowstone  calderas   ln  northwestern  Wyoming

and  adjacent  parts  o£  Idaho  and  Montana.     Table   4   lists  these

and  some   related  ashes   ln  chronological   order   and  summarizes

their  respective  properties.

The  Guaje  Ash   ls   flne-9ralned  and  light  gray   ln  color,

vlth  the  glass  shards  being  mainly  bubble-Junction  and  bubble-

wall   types  with  a   few  elongate-pumlceous  shards   (Izett  ei a|.,

1972).     This   ash  has   a  glass   £1sslon-track  age   o£   1.4±0.2  my.

and   ls  correlated   with   the   Gua]e   Pumice   Bed   which  has  a  K/Ar

date  o£  1.4  million  years.     Phenocrysts  ln  this  ash  include

sanldlne,   cllnopyroxene,   and  magnetlte.     Izett  ei  a|.   (1972)   made

special  notice  of  the  lack  of  plagloclase,   even  ln  the

correlative   tu££.

The  Bishop  Ash   is  chalky  white  and  contains  abundant

biotite  phenocrysts   (Izett  elf a±..,1970).     The  glass  shards  of

this  ash  are  minutely  pumiceous.     Other  phenocrysts  which  occur
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Table     4.        Co]nparison     of     Pleistocene   ashes     of     the     Central

Plains.         The   Tsankawi   and   Lava  Creek   A   Ashes   did   not   reach   the

Central     Plains   and  are   included   for   comparison.        See   table     6

for     a     comparison  of  glass   chemist.ry   for     these     ashes,        h'ote

di££erent     magnetic  polarities  of   the   Yellowstone  ashes  and   the

dl££erent     appearance     of     the     Blsr,op     Ash,      the     nearest     ash

chronologically   to   the  Lava  Creek  a  Ash.

Sources:      Boellstor££,    1973b
Borchardt,gi a|.,1972
Izett  ck al.,197o
Izett  st al.,1972
Izett  and  Naeser,   1976
Izett  and   Wilcox,    1982
Reynolds   and   Larson,    1972
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|n  lesser  quantltles   include  quartz,   sodlc  plagloclase,   low  2V

sanldlne,   and  lesser  zlrcon,   apatlte,   allanlte,   sphene,   1lmenlte,

and  magnetlte,   and  possibly  hornblende   (Izett  ef  a|.,1970).

This  ash  has   been  dated  by  K/Ar   at  0.7  my..

Members  of  the  Pearlette   famlly  of  ashes  are  all   silver

gray  ln  color   (Izett  gi  a|.,1970).     The  glass  shards  are

prlmarlly  of  bubble-wall   and  bubble-Junction  type.     Phenocrysts

for  these  ashes   include  quartz,   ollgoclase,   moderate   2V

sanldlne,   £erroauglte,   green-brown  hornblende,   and  lesser

chevklnlte,   allanite,   zircon,   apatlte,   llmenlte,   and  magnetlte

(Izett  ei  a|.,1970).     The  color  of   the   zlrcon  phenocrysts

varies  among   the   lndlvldual   ashes.      Those   from  the   Huckleberry

Ridge   Ash  are   pink,   while   those   from   the   Lava  Creek  8  Ash  are

colorle33   (Naeser  ei  a|.,1971).     This  color  dlfference

probably  reflects   the  age  dl££erence  between  these  ashes,   since

zlrcon  color  changes  as  radloactlve  damage  accumulates   (Naeser,

1986,   pers.   comm.).      Radlometrlc   (K/Ar)   ages   of   these   ashes

are:     Lava   Creek   8   Ash   -0.62   my.,   l]esa   Falls   Ash   -I.27   my.,

and  Huckleberry   Ridge   Ash   -2.02   my.    (Iz`ett   and   Wllcox,1982).

The  I,ava  Creek  A  Ash   (0.62  my. )   has  a  small   areal   dlstrlbutlon

and  will   not  be  considered   further  herein.

Though   the   Desoto   ash   ls  creamy  white   (10YR8/2,   white)   ln

outcrop,   once  the  shards  have  been  cleaned,   lt   ls  dlstlnctly

silver  gray   ln  color   (about   mid-way  between  white,   10YR8/1   and

light  gray,10YR7/l).      The   shards   are  of  bubble-wall   and
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bubble-Junction   types   (see   flgure   10).     Few   shards  have  more

than  a  single  rib  and  less   than  5b  have  numerous  vesicles.

Truly  pumlceous  shards  are  very  rare.     The  phenocryst  assem-

blage  of  this  ash  will   be  described  below.

Petrography

Several  procedures  were .used  to  determine  the  petrography

of  the  Desoto  ash.     The  ash  bed  consists  of   three  dl££erently

colored  portions   (see   £19ure  8   in  the  section  on  geomor-

phology).      In  an  e££ort   to  determine  a  reason   for   these

dl££erences,   each  portion  was  examined  by  X-ray  di££raction.

The  white,   air-fall   ash   was   wet  sieved   through   two  dl££erent

sieve  stacks  and  examined  under   the  microscope.     Both  heavy

llquld  and  magnetic  separatlons  were  performed.

In  order  to  determine  the  size  composition  of  the  ash,   a

bulk  sample  of   the   white  ash  was  set  to  soak  overnight   ln  0.I  N

sodium  oxalate  to  deflocculate  any  clays.     It  was  then  wet

sieved  -through  a   U.   S.   Standard  sieve   stack  consLstlng  o£  60

mesh   (0.25   mm)   and   170   mesh   (0.088   mm)   screens.      Only   a   gentle

stream  of  water  was  used  and  all   material  was  saved.     Four

fractlons  were  calculated;   +60,   -60+170,   -170,   and  the  clay

fractlon  1.e.   that   fractlon  which  did  not  settle   from  the   -170

mesh  collection  bucket  vlthln  about  five  minutes.     These  sieve

sizes  were  selected  because   they  represented  the  simplest

breakdown  of  meaningful   sizes   for   this  ash.      The   60   mesh  screen
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Figure   10.      Morphology   of   the   Desoto   ash.      Flat   bubble   w.all    (1)

shards     are     highly  desirable   for     fission-track    dating.        The

ribbed   shards   are   bubble   junction  shards   (2),      Veslculai`   shards

(3)   in  the   Desoto  asl]  have  elongate,     stretched  vesicles.      This

is      the   0.125   -0.088   nm   (-120+170   mesh)   sieve   fraction  as   seen

in  plain  light.
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separates  out  medium  sand  and   larger   particles.   These  accounted

for  only  lot  of  the   total   sample.     About  40t  is   in  the   -60+170

size   fractlon  which   includes   £1ne  and  very   £1ne   sand.     Flfty

percent  of  the  sample  passed  through   the   170  mesh  screen.     Of

this  portion,   40*  did  not  settle  out  rapidly  and  can  be

considered  clay  sized.

A  dlfferent  procedure  was  used  ln  processing  of  the  vhlte

ash  ln  order   to  recover  glass  shards  and  zlrcons   for  dating.

The  ash  was   £1rst  spread   to  dry  ln  an  'air  conditioned  room,

since  heating   the  ash  might  anneal   lt,   causing   £lsslon-tracks

to  disappear.      The   dry   ash  was   then  sieved   through  a   stack  o£

30    (0.589   mm),120    (0.125   mm),    and   230    (0.065   mm)    mesh   screens

to  remove   the  unusable   large  debris  and   £1ne  material   from  the

ash.      The   resulting   -30+230   mesh   fractlon  was   left   to   soak

overnight   in  a  0.1  N  sodium  oxalate  solution  to  deflocculate

and  clays.      This   fractlon  was   then  sieved  with  a  strong  Stream

of  water   through  a  60,   120,   170,   and   230  mesh  sieve   stack.      The

most  desirable   size  of   shard   to  date   ls   the   -60+120   mesh

fraction   (Boellstor££,   pers.   comm.';   1984),   however,   little

glass  of   this  size   was   present   ln   the  sample.      Therefore,   the

-120+170   mesh   fraction  was   saved   for   dating.      The   -170+230

£ractlon  was   retained   ln   the   hope  of  obtaLnlt`g  datable  zlrcon

phenocrys ts .

The  white  ash  separate31nto   three  main  fractlons,   (+60,

-60+230,   and   -230)   each  of   which   has   a  dl££erent   set  of  charac-
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terlstlcs.     Tl`e  majority  of  the   +60   size   fractlon  consists  of

insoluble  white,   irregular  and/or   tubular  masses,   though  about

5S  consists  o£   flat  glass   shards.   There  are  also  some  modern

root   fragments.      These   white  masses  are  una££ected  by  either

concentrated  lIcl   or   30S  J1202.      An  analysis  of  this  material   by

both  x-ray  di££raction  and   fluoi`escence   is  described  below.

The   -60+230   mesh   fractlon   ls   about   60*  glass,   though

proportions  of  other  constituents  vary  wlthln  subfractlons  of

this  size  category.     A  colorless  mineral   steadily   increases

from  about   5   to   15S   from   the   -60+120   mesh   to   the   -170+230   mesh

fractlon.      Some   specimens   have   concholdal   fracture,   while

others  are  blocky  and  appear   to  have  at  least  one  dlscernlble

cleavage.      Blrefrlngence   ls   low.      At   least   some  of   this

material   1s  probably  quartz.      White,   £lu££y,   opaque  balls

account   for   approximately   25   to   30&  of   the   sample   and  become

less  abundant   ln  the  smaller   size  subfractlons,   while  the

amount  of  other   minerals   increases.     These  other  minerals

account  for  less   than  5S  of  the  sample.     There   ls  also  a  small

quantity  of  black   to  orange  opaque  nodules   ln  this  size

fraction.      They  account   for  about  5*  of   the   -60+120   mesh

fraction,   but   less   than   1*  of   the   -170+230   mesh   fractlon.

The   -230   mesh   fraction   ls  about  50*  glass,   20*.colorless,

birefringent  material,   5*  other  minerals,   and   25*  clay-like

material.     An  analysis  of  this  clay~like  material  by  X-ray

di££raction   is   described   below.
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lleavy  llquld  and  magnetic  separatlons  were  performed  to

help  ln  concentrating  and  ldentlfylng  these  other  minerals.

The  glass  Was  removed  by  using  concentrated  zinc  bromide  vlth  a

speclflc  9ravlty  of  about  2.45.     The  heavy   fractlon  uas   then
/

further  separated  ln  bromoform  of  speclflc  gravity  2.85.

Hlnerals  heavier   than  this  were  run  through  a  Franz  magnetic

separator  at  magnetic  susceptlbilltles  o£  0.1  A,   0.2  A,   0.3  A,

o.5  A,   and   I.0   A  with  a   10°slde   tilt.      The   nonmagnetlc   fractlon

was  further  separated  with  methylene  lodide`  of  specl£lc  gravity

3.32  and  then  these   two  subfractlons  rerun  through  the  magnetic

separator   (set  at   1.5  A)   at  a  5°  slant.

Only   two  of   the  mineral   species   found  can  be  considered  as

phenocrysts  of  this  ash.     Host  of  the  minerals  occur  as  rounded

fragments  and  are  obviously  detrltal.     These  detrltal  grains

may  have  been  added  by  burrovlng  and/or  pedogenlc  processes,   as

well  as  by  sampling   techniques.     In  order   to  be  assured  of  the

phenocrystlc  orlgln  of  a  particular  mineral  fragment,   1t  must

have  glass  attached   to   lt.     A   fev  mineral   fragments,   mostly

zlrcons,   appeared  `to  be  ln  good  condltlon,   but  did  not  have

glass.     One  variety  of  zlrcon,   a  clear,   long  prlsmatlc   (400  X

40A)  variety,  occasionally  occurred  as  delicate  skeletal

crystals  and  frequently  had  attached  gla33.     These  are

considered  to  be  phenocry8ts.     Other  zlrcons   included  stubby,

barrel-shaped  colorless  and  light  pink  varletles  which  were  never

seen  to  have  attached  glass   (see   figure   11).     The  only  other
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Figure      11.         Phenocrysts   from   the   Desoto   ash.         A)        Colorless

zircon     with     attached     glass,      0.33   mm     long.        a)        Colorless

skeletal   zircon  with  attached  glass,      0.24   mm   long.        Note   good

crystal   faces  on  these  zlrcons    C)     Detrltal  colorless     zircon,

note  rounded  crystal   faces  and  lack  o£  glass,   0.13  mm  long.      D)

Chevkinite     with   attached   glass,      0.39   and   0.12   mm     long.         All

viewed   in  plain  light.
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mineral  occurring   with  attached  glass   ls   chevklnlte,   a   cerlurn

tltano8111cate,      These   long  and   slender   (450   X   50{^),   striated,

golden  brown  crystals   make   up   the   majority   of   the   >   2.85,   0.5A

fractlon.     Other   heavy  minerals  which  are  relatively  comon  are

magnetlte  and  epidote   (?),   these  are  considered   to  be  detrltal.

The  phenocryst  assemblage  of  the  Lava  Creek  8  Ash   includes

both  colorless  zircon  and  chevkinite,   as   indicated  in  table  4.

As  the  Huckleberry  Ridge  Ash  contains  pink   zlrcon,   the   absence

o£  glass  on  the  pink  zlrcons   found   (especially  ln  light  of  the

presence  of  glass  on  the  colorless  zircons)   ls  signi£1cant.

Analytical   Results

X-ray  diffraction  analyses  were  run  to  try  to  deternizie   1£

there  were  a  mlneraloglc  reason  for   the  dlfferently  colored

layers  within  the  ash  bed  and  to   identl£y  unknown  comporients  of

the  ash.     The   samples  run   included:     bulk   samples   fron  tbe  white,

pink,   and  green  colored  layers;   and  the   following  portioDs  of  tbe

white  ash   -  the  processed  glass;   the   -230   mesh  size   fractlon;   tbe

-60+230  mesh,   (   2.85  specific  gravity   fraction;   and  the  wbite

masses   from   the   +60   mesh   size   fraction.      Novaculite   (Si02)   was

used  as  a  standard.     No  clay  peaks  were  noted  on  any  of   tbe

dlffractograms  and,   other  than  quartz,   no  minerals  were

identified.     Though  the  three  di££erently  colored  layers  of  the

ash  did  not  yield   identical  di££ractograms,   they  are  broadly

similar  and  no  reason  for   the  dl££erent  colors  was  readily
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apparent.      The   -230   mesh   size   fraction  and  processed  glass  hal/e

similar  di££ractograms   in   that   they  each  have  a  broad  shoulder

beglnnlng  at   about   ZOO   2 0  ,   but   no   well   de£1ned   peaks.

In  an  e££ort   to  determine   the   ldentlty  of  some  of   the  more

enlgmatlc  materials,   x-ray   fluorescence   (XRF)   was  utilized.     An

hypothesis   for   the   identity  of  the  vhlte  masses  Was  that   they

Were  amorphous  material   derived   from  leaching  of   the  ash.     In

order   to   test   this   hypothesis,   approximately   365  grams  o£

processed  glass  was  leached  ln  swirling  distilled  uater   for  nine

days.      The   resulting  salts   were   fused  and   analyzed  by  XRF.     No

peaks  not  attributable   to  the   flux  were  present.     Fused  disks

Were  also  made   of   the   white  masses,   the  black  opaque   nodules,   and

of  the  processed  glass.     Nearly  90*  of  the  mass  of  the   white

masses  was   lost  on   ignition.      Since   there   was   no   reaction  of   this

material  when  tested  with  Hcl   (and  thus  it   is  not  a  carbonate),

it  ls  likely  that  lt  is  largely  organic.     The  form  of  several

lndlvldual  masses     suggests  that  they  formed  around  plant  roots

(see   figure   12).      Small   dark   nodules   were   found   ln  both   the

paleosol  underlying  the  ash  and  ln  the  ash  bed  ltself  during

£1eld  work.      The   XRF  at   the  Unlverslty  o£  Kansas   ls  not  currently

calibrated  to  analyze  for  manganese  and  the  total  percentage  o£

oxides  accounted   for   was   less   than  looS.     It   ls   llI{ely  that  these

dark  nodules  are  manganese  nodules.

The  bulk  chemistry  of   the  glass   phase  of  the  ash  was

analyzed  in  order   to  establish  further  the   identity  of  the  Desoto
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Figure      12.         White   masses   of   unknown   origin.         These   forms      are

largely     hollow     (note   circular   apert.ures)     and     are     freqi`ie.-,tl}'

root-like,   as,are   those   above.      A)   6.5   mm   long.

a)    6.0   mm   long.
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ash.      The   elect.ron   ITiicroprobe   is   said   by   S,.,nit:.I   and   'e'estga:E

(1969)    to   be    the   best.   analytical   method   b}J   wriicr,    t6   3!`a`.i.'=e   as:.,

chemistry.      Tl.ie   a!j'L,:r!ors   listed   several   reasons   fcr   this   c:-jcice,

the   primary   one   of   which   is   the   problem   of   co:-.tar,ina.n.ts.      :..ie

bulk   chemistry   of   an   ash   can  b€.   altered   by   admixing  o£   ¢etrita:

materials   and  by   sin.all.   inclusions   and   microcrystallites   .+it:r,i.r.

the   shards.      Individual   shards   car,  be.   analyzed   by   electron

microprobe,   hence   eliminating   these   problems.      In   preparaticr.   cf

samples,   it   is   best   to   use  diamond  dust   for   poiishir,g  as   ai`In.ir.`;I.

oxide   may   leave   ey.cess   ai`Jminum   (Moody,    pers.    comm.;    198S).

Unfortunatel}',   an  electron  microprobe   capable   of   t:r.e

precision  necessary   for   this   work  was   not  avail.able   for   t.I,e

duration  of   the   study.      For   this   reason,   sam.3les   of  c:eanec3  as:'.

were   sent   to   Dr.    Izett   of   tl`e   U.    S.    Geological   Sur.\iey   in   3er.:t.e:.

for   analysis   (sodium  oxalate   was   not  used   during  clear,ing  cf   t.I.is,

sample).      The   glass   was   dissolved   in   hydrofluoric  acid   aric!

analyzed  by   induc:tion  coupled   plasma   atomic  absorption

spectrometry.      The   results   of   this   analysis   ai`e   listed   ar.€

compared   wit}i   other   volcanic  ashes   occurring   ]r.  Kansas   and

Nebraska   in   table   5.      The   results  are   compatible   with  an

ldentiflcation  o£   Lava   Creek   8   Ash   (Izett,   pers.   comm.;    1985).

The  high   zinc  content   is   probably  an  artifac.t  of   the  use   of  zir.c

chloride   in  8eparatlng  out  the   glass   fraction  from  the  b'dlk  as:';.

The   relatively   high   manganese   content  may   be   re'.ated   to   trje

presence   of   manganese   nodules   within   the   ash   bed.
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:able   5.      The   cr`,emistry   of   I.he   glass   p!iase   of   the   Desot.o   ash   is

c3.T.Datible   with   an   identif ication   o£   Lava   Creek   8   Ash.         Na   and

}{     are     e=changable   cations   and   thus   are   not.  good  elements     for

cc,.nparative     work.         See      text   for   comments   on   high   Mn     and     Zn

cc:iteE:s.          Values       given     are     averaged       without       standard

€e.,.ia:ic.r.a   from   each   indicat,ed   source.

!{otes:                                                      References:

S   tcta}   Fe   as   Feo                         1.    Izett,   eia|.,1970

•   geri.eraliy   incl[ded  as          2.   Izett   g|  ai.,1972
Lava   Creek.   8   Ash

f.   .3-=r,,   ¥n

H e t }r! c> d s :

3.    Boellstor££,    1973a

4,    Izett,    for   this   work

5.   Borer.ar`it  §|  ai.,1972

e:ectron  mlcrcprobe   analysis
i -, a in i c   a b s o ,r .a -. i o n   s p e c f, r o a n a I y s i a
C3lorimetric  analysis
S:ar.Card   grat7imetric   methods
nc]t   given   by   source
:riductior}  coupled  plasma  atomic   absorption   spectroanalysis
Iristrurr.entai   r;eutron  activation  analysis



Chemlstry   of   tl`o   Glass   Phase   of   Selected   Volcanlc   Ashes
^sll :;I,,1L-CC w`:Jrd.I     i}t!}-t..ci  1     ii3.I.Ie    (LuiLciii;    I.nilLcoloJ   I.lliafuLt.a) l}Pn
N..,'Tm thl'\od f; ' ()2 . ^'2"3 F,.() C.,|O N.20 K20 T|()2 Mno Zn Sn ",

I)1, .i ( ) 1- o 4+` ]1.3 1./1 0.53 .24 11.10 0.]2 32()X 160 200

I-a va
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() . 5 4 3.10 5.32 0.12 0.042i!OX

Hartford* 3E 1.14 28oX 13

Bishop
1A18385C 73.0 12.0 0.690.640.64 0.52 3.463.34 4.54.88 0.08
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30

54
175

lk2Sa

|A 12 .t+72.99 11.711.86 1.27 0.77 2.6 6.0 0.120.10

0.04
70
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200
18 1.15I.29 0.49 2.44 6.11

•28`
0.54 2.93 5.48 70

Falls 2D 0.58 2.48 6.13 0.11 0.03
2C3E 72.6 11.5 1.13i.0

24oX
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14Ridge 3E 1.2 28oX
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Since   all   the   Pearlette   ashes   ire   fr,::I;   ::-ie   sa:.a   s:;r:e   i.'€:,

their   c,+Ien\1st.ry    i,5   I.atr!er   slmllar.       I.h`iug':..    it    1£   re:a:i..`e::..

straightforwart3    to   det.ermine    if   an   as'.n,   is   .:i-.er?,icil:y   si.I.i:3.r    ::

the   Yellowstiirie   sciur.ce   ashes,    1denti£}.irig   ..'riic:ri   .c,3r:lc`.;:ar   is:..   .3

sample   is   from`   ca!`,   be   c3ifficult,    as   can   be   seen    ir;   table   S.

Paleomagnetir,.   stuclies   offer   .yet.   a?.iotr:er   met:';od   by   .-.:-ji=h   -.:

dl££erentiate   these   chemically   simiiar`  Ssr.es    (Re}',-.a:ds   a.-.:.

Larson,1972),      Forturiately,    the   mag'netic   pclarit}'   :3£   eacf   c€   -.:-.€

three   major   Yellowstone   source   ashes    is   di££erer{t.      The   La...a

Creek   a  Ash   is   normally   polarized,    *'hile   t:r;e   #esa   falls   .i.s:-.   is

reversely   polarized.      Amazingly,    the   H.uckleberry   ;.i€ge   .i.s:-.   seer:-

to   haije   been   erupted   diirlng   a   period   l`:Ben,  t.t`.e   ear:r,'s   rrLa`g£e:i:

poles  were   changing,    it   is   horizontally   poiarize¢.

:lamples   of   t.A,e   Desoto   ag?I   were   serit   fc,I   Pale3r.agr,e:ic

determimtion   to   Dr.    Ketineth   h'odama   o£   Lehieri   'u'niversit']'

(Bethlehem,   PA).      These   samples   were   obtaine5   b}.   carving

1  cm2  pedestals   into   the   ash  ±ji  g±±±L   c:overiag   the   pedesta:

with  Devcon   5   minute   epoxy,   and   placing   a   1   cn3   plastic   bcI

over  the  pedestal.      The   orientation  of  magr.etic  nortb  afd   :.L.e

dip  of   the   surface   of   each   box   were   measured   with   a   Bruritor.

compass  and   writter\.  on  each   box.      The   pedestal   was   tr,e.r.   cl;=   of:

and   the   boxes   cap.Bed,      At   Lehigh,   one   sample   Was   deaagnetized   i:

100,    200,    400   and   800   oersted.       Two   othctr   saITiples   were

demagnetized  at   just   800   oersted.      It   was   determined   triat   cbe

Desoto   ash   has   normal   polarity    (Kodama,   pers.   coir.n.;    1984}.       ::-.is
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ls  consistent  with  an   identl£icatlon  as   Lava  Creek  8  Ash.



Fission-Track   Ddt.ing

Fission-track   dating   involves   the  cc)unting   of   tracks  created

by   the   spontaneoi`s   f ission   o£   339U.      When   first   discovered,    these

tracks   could   be   seen  only   wit}i   the   magnif ication   available  with

an  electron  in,icrc>scQpe.      By   etching   the   damaged   zone   created   by

passage  of  a  nuclear   fragment,   it   is  possible   to   see   f ission-

tracks   at   magnifications   of  Ei500X   through   an  optical   microscope.

Since   the  rate  of   formation  of   fission-tracks   is  constant,

c!`e   need   know   onl.y   tl`!e   amourit   o£   2}gu   pt-ese!`.t   ln   a   material   and

the   fission--t.rack  density   to  obtain  a  date.      This   date   refers   to

the   time   elapsed   si}`c:e   She   material   became   cap.able   of   retalnlng

trac:ks,1.e.   since   lt   cooled   from  an  originally   :r,i`gber   terr,per-

ature,      Tr!e   fi['5t.   £i.i:sion-tt`ack   dates   we!`e   publisried   during   1964

(Fleischer   at  a|.,1975).

The   easiest   method   by   which   to   determine   the  23'U   concen-

r,ration   in  a  material   to   be  dated   is   by  comparison  with  a

standard  I,aving  a  known  uranium  concentration.      This   is   done   br

utilizing   the   constant   isotopic   ratio   o£  33ru   to   23®U.      Both   the

sample  and   the   standard  are   irradiated  toget}ier   in  a  nuclear

reactor.      Thermal   rieutrons   induce  2''~U   (but   not   23fu)   in   the

materials   to   fission.      The   neutron   fluehce   (a)    (number   o£

i`eut.ron3   striking   a   square   centlm`et€r   at`ea   of  material)    i3  deter-

mined   by  counting   the   induced   track  density   (  p;)   in  the   standard
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(or   dosimeter),    thereby   permitting   the   ]`PU  concentration  of   the

sample   to  be  calculated.

The  population  method  o£   fission-track  dating  was   used  to

determine  an  age   for   the   Desoto  ash.      In   this  method   it   is

assumed  that  there   is  a  homogeneous  distribution  of  uranium  in

the  ash.      The  ash   ls  dlvlded   into   two   splits,   one  of  which   ls

used  to  determine   the  s.Dontaneous  track  density.      The  other

split   ls  sent  to  a  nuclear  reactor   to  be   lrradlated.     A  piece

of  standard  doslmeter  glass   is  sent  along  with  the  ash  sam.0le

to  be   lrradlated  at   the  same   time,   since   the   number  of  neutrons

which   strike   the    &3`U  nuclei   within   the   samole   (the   nuclear

fluence)   determines   how  many   induced   tracks   will   be   formed.

The  ratio  of  these  three  track  densities   (spontaneous,   induced,

and  dosimeter)   allows   the   age   to   be   determined.

A  more  specific  discussion  on  the   theory  o£  fission-track

dating,   and  some  of   the  problems   involved  comprises  Part   11  of

this  report.     However,   for  the  purposes  o£  Part  I,   1t  can  be

stated   that  an  age  o£  0.58  ±.09  my  was  obtained  by   flsslon-track

dating  a  sample  of   the  Desoto  ash.
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CONCLUSIONS

All   of   the   results  derived   from   this   work  agree   with  a

correlation  of   the   Desoto   ash   with   t:he  Lava  Creek   a  Ash.      These

include   shard  shaE)e  and  color,   phenocryst  content  and  color,

glass  chemistry,   magnetic  polarity,   and  presumed  geographic

extent.     The   fission-track  ages  obtained   (see   table  9   in  Appendil

A)   do  not  preclude   this  correlation.     Therefore,   the  ash  at

Desoto   is   interpreted   to   be   0.62  million  years   old  based  on  K/Ar

dates   for   the  Lava  Creek  a  Tuff  in  Yellowstone   (Izett  and  *'ilc:ox,

1982).      Depending  on   which   timescale   ls   accepted,    the   0.62

million  year   time   line   may   fall   anywhere   from  the   Aftoz`.iaa

interglaciation  to   the   Illinoian  glaciation   (see   table   1   in  t.r;e

Introduction) .

The  ash  is  situated  in  terrace  I ill  above  a  paleosol

developed   ln  alluvium  and  below  a  loess  deposit.      The   terrace

remnant  at  the  Dalaba  Site   £1ts  the  description  of  the  Buck  Cree:r.

Terrace  best   (see  Geomorphology),   and   thus   has  an  assumed

stratigraphic  age  of  Illinoian   (Davis  and  Carlson,1952).     In

order   for  a  soil   to  develop   ln  which  the  pedogenlc   lnfluence  cap.

be  readily  seen  to  a  depth  of  nearly  two  meters,   a  falrly  long

length  of  time  must  pass.     This   lndlcates   th.at   the  alluvium  mus:

have  been  deposited  yell   before  0.62  million  years  ago.

Referrlng  again  to  table   1   1n  the  Introduction,   lt   ls  apparent

that  a  definitive  determination  of  the  stage  during  which  the   ash
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was   deposited   can   not   be   made   at   this   time.      It   €eer`s   hi?'::y

unlikely,   however,   that   the   major   paleosol   at  Desoto   ls   ::-.e

Sangamon   Soil,    which   Davis   and   Carlson   (1952)    thought   c.3pped   Sic,t

Creek  Terrace   fill.     It   is  possible   that   the  paleosol   is   a

Yarmouthlan   soil,   though   the   classic   Aftonian   sequer.ce   ir\.   :owe

contains   a  volcanic  ash   which  has   been  correlated   uith   I:-:e  Lat7E

Creek   a   Ash   (Boellstor££,1978b).      The   following   sceriario   is

postulated .

During  original   development  of   trie   Kansas   River   vaiiey

during   the   Kansan   (Frye   and   Leonard,    1952)   and   possibly   even   t.=e

Nebraskan   (Heimg   and   Have,    1963),   the   Henoken   Terrace   was   formej.

This   terrace   was   likely  classic   in   form,   the   terrace   surface

correlating  with   the  height  of  a   former   floodplain  surface.     A.s

the  Kansas   River   entrenched   ltsel£,   abandoning   the   Henoke=

Terrace   (possibly  after  capturing  drainage   which  r]ad  pret;iousl}.

flowed   south   through   the   Hcpherson  valley),   and   then  begaz`.   to

aggrade  again,   it  ls  possible  that  the  terraces  created  at

different  stream  mouths   were   not   strictly  coeval   or  concordant.

The  author   suggests   that   the  Buck  Creek  Terrace  may   ac:tuai:I.

consist  of  a  series  of  only  generally  coeval   terraces.      The

alluvium  at  Desoto  may  have  been  deposited  during   the   late  Kans2a

or   even   the   early   Yarmouthian.      The   paleosol   developed   cry.   the

resulting  stable   surface  during   the   Yarmouthian.      The   ice   fror.=

during   the   Illinoian  glaciation  was   far   north  of   the   Kansas   Bit/er
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valley,   and   lt   ls  not  known  exactly   what  effects   that   slaciatio.`,

might   have   had  on   the   area.      It   is   possible   that   an  ef Sect  of   tr;e

Illinoian  glaciation  was   increased  downcutting  as  melt...ater

discharged   into   the   Mississippi   River.     The   channel   which   is

eroded  through   the  ash  may  have   formed  during  this   time.     Loess
)

deposltlon  probably  occurred  during   the   Illinolan  and  may  have

been  augmented  during   the   Wisconsinan.

Before  any  of   this  can  be   rigorously   tested,   more   absolute

dates  must  be  determined  and   the  dates   for   the  Pleistocene  stages

must  be  agreed  upon.      It   is  certain,   however,   that   the   er.tire

terrace   fill   sequence  at  the  Dalaba  Site  was  not  deposi:e6  dt}rir.5

one  cut-£11l   cycle,   or   time   period,   and   the   implied  conclusioz:

that  the  alluvlal   terrace  fill   is  o£  Illinoian  age  appears  to  be

lmposs lble .
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APPENDrx   A:      Detailed   Terrace   Stratigra.o.hy

Sediment  description

In  order   to  more   fully   investigate   the   terrace   fi:i

sediments,   a   trench  was   excavated   into   the   slump   at   the   e=posed

terrace  base.      Figure   4   from   the   Geomorphology   section   is

reproduced   here   as   f igure   13   with   an  addendum  which   incl`d€es

these  deeper  units.     Also   indicated  on   figure   13   is   tr.e

loc:atlon  of  each   pai`tlcle   size   andlysls   sample   taker..      ?hese

data  are   enumerated   ir`.   table   6,      A   detailed  descrlptlori  c`£  eac2}

unit   follows,      There   w.as   no   e££ervescence   preser,t   in  a.r.}r   'd.r.1t.

Thicknesses  were  recorded  at   the   location   indicated  on   =i3tJre

13.      The   unit   names   are   the   same   as   those   in   table   6,

modern     soil      -0   to   23   cm;      dark   brow.n      (7.5YR4/£)
silt   loam;     granular;      friable;     gradual   boQrr
dary .

silt      -23      to   130   cm;      brown   (10YR5/3   to      7.SYR5/4
or   4/4)   silt   loam;     granular;   friable;   gradual
boundary .

clayey     silt`     -130   to   142   cm;      brown      (10YR5/3      to
7.5YR5/4   or   4/4)   silt   loam   to   silty  clay  loan,;
granular;   friable;   gradual   boundary.

laminated   silt   and  clay   -142   to   160   cm;   pale   brown
(10YR     6/3)      siltyclayloam     to.    silty     clay;
platy     with  silty  and  more  clay-rich     lanlnae;
friable;   sharp  boundary.

transltlon     -160   to   162  cm;     olive   gray   to   grayish
green   (5Y5/2   to   loGY6/2)   clay;      blocky;      £irn;
sharp  boundary.
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Figure      13.        Scherriatic  prof ile  of   the   terrace   face   with     extra

units   added.      Arrow   at.   top   marks   location  of   thickness   in,easure-

m,ents  cited   in   the   detailed  descl.iption   in   the     text.        Samples

14   and   16   from  green  and  white   ash,      respc.ctively,   located   just

above   and   below   sample   15.         Sample   17   is   from   the   white   ash   in

line   with   samples   13   and   21.
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Table     6.        Data     were   gathered  at   several   di££erent   times     and

combined.         For     one     setof   analyses,      both   t.he     2     hour      c:€y

settling     time   and   I.he   6   hour   52   minute   clay   settlir}g   time   ...8re

t`ecorded.        Though   these   are   generally   very   similar,      note      t.ne

large     quantity     o£   fine   silt   in  the     ash     samples,      espec;ia:1y

sample   15,      the   pirik   colored  ash.      Percent   sand  calculated   f.ron

the   2  hour  clay   times.
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ash     -162   to   185   cm;      three  subunits:     Green  -162

to   167  cm;   grayish  yellow  green  to   light  olive
gray   (5GY7/2   to   5Y6/2)   clay;   blocky   to   massive
toward  base;      firm;     gradual   boundary.     Pink   -
167     to     178     cm;     very     pale     brown     to     pink
(loYR8/3      or      7/4      to     7.5YR8/2     or      4)      clay;
massive;     friable;     gradual  boundary.     White  -
178   to   185   cm;    white   (10YR8/1   or   2)   clay   loam;
massive;     very     friable;     Hn  nodules     present;
sharp,   undulatory  boundary.

alluvium  to  base  of  described  column

185      to   221   cm;      brown   (10YR5/3)   clay   loam     to
sllty       clay    loam;       massive     friable;       many
distinct  nottles;   round,   up  to   I  cm  root  casts
outlined  with  sesquloxides;     common  Hn  nodules
lncrea51ng  vlth  depth;   gradual  boundary.

221      to      246   cm;      pale   brown      (10YR6/3)      loam;
massive;        friable;     many     mottles     and     small
sesquioxide  concretions;   common  root  casts  and
Mn  nodules;   sharp,   undulating  boundary.

246   to   265   cm;   pale   brown   (10YR6/3)   sllty   clay
loam;     massive;      £rlable;     many  prominent  root
casts     outlined     with     sesquloxldes;     many     Mn
nodules;     sharp    boundary  outlined  by     dlscon-
tlnuous  sesquioxlde  accumulation.

265      to      286cm;      llghtgray      (10YR7/2)      loam;
massive;        friable;     many     prominent     brownish
yellow      (10YR6/8)      mottles;      Hn     nodules     more
common  with  depth;   sharp  boundary.

286   to   295   cm;      light  brownish  gray   (2.5YR6/2)
sllty    clay  with  lighter  colored  hazy    subver-
tlcal  streaks;   blocky;   £1rm;  clay  skins;   sharp
boundary .

295   to   318   cm;      119ht   brownish   gray   (2.5YR6/2)
silty  loam;     weak  blocky     structure;     £rlable;
weak  clay  skins;     few  Small,   but  dlstlnct  gray
mottles    decreasing     ln  frequency  with    depth;
sharp  boundary.

318   to   348   cm;      light  brownish  gray   (2.5YR6/2)
clay     loam;      blocky;      £1rm;     clay     skins;      few
distinct  mottles;   Sharp  boundary  outlined  with
a  sesquloxide   layer.
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348   to   363   cm;   very   pale   brown   (10YR7/3)   loamy
sand;   massive;   very  frlable;   sharp  boundary  at
5  mm  thick  continuous  sesquloxlde   layer.

363   to   452   cm;      grayish   brown   (2.5YR5/2)   sllty
clay  to  silt  loam;     blocky;     £1rm;     root  casts
outlined     with   sesquioxldes  common   to   400     cm;
common         dlstlnct       round       brownish       yellow
(10YR6/8)      sesquloxide  concretlons     with     gray
centers,      5     mm   to   3  cm   ln  diameter   to   430   cm,
becoming  more  dLffuse   vlth  depth   till   no     more
appear;     sesquloxlde     layer  above   2.5  cm  sandy
zone     near   base;     sharp  boundary  at~3mm     well
lndurated  sesquloxlde  pan.

452      to      46lcm;      palebrown      (10YR6/2)      sand;
massive;      loose;     mineralogy:   quartz  with  some
feld3par  and  magnetlte,     grains  rounded;   sharp
boundary  at  sesquloxide   layer.

461   to   471   cm;      light   brownish   gray      (10YR6/2)
sand;        massive;        loose,     but     some     "cling";
mineralogy   same  as  above;   sharp  boundary.

471       to     at     least     490     cm;        strong       brown
(7.5YR4/4)      to     red   (2.5YR4/6     gravelly     sand;
alternating    layers    are    sesquloxlde    coated,
partly   lndurated,     and  uncoated  loose  sand;   10
cm  X   3   mm  partially  coated   shale   and   2.5   X   2.5
X     7  cm  coated  chert  pebbles   present   in~25  cm
wide     exposure;        mineralogy     same     as     above,
except     grains     frosted;       no     lower     boundary
reached .

These  lowermost  three  sand  units  may  veil  represent  a  point  bar

deposit,   vlth  occasional   lag  deposits  and  clay  drapes.     The

pa|eosol  was  not  encountered  within  the  described  column  and  no

particle  size  data  were  gathered  for   lt.     The  texture  ls  the

Same  as  that  of  the  alluvlal  clay  unit  it  caps,   and  the  boun-

dary  is  gradual.     In  contrast  to  the  clay,   vhlch  ls  a  paler

brown   (10YR5/3),   the   paleosol   is  redder   and  darker   brown

(7.5YR4/4 )  .
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The  particle  size  data  as  shown  in  figure   14  indicate  the

alluvial   character  of  the   lower  sediments  well.     Pedogenic

processes  have  damped   the  svlng   from  clay  to  sand  toward  the

top  of  the  paleosol.      With   the  exception  of   the   sand  Which

pinches  out,   there   ls  a  smooth  increase  ln  sand  percentage   (and

corresponding  decrease   in  silt  percentage)   with  depth  until

nearly  pure  sand   is  reached.

Vlthln  the  units  at  the  top  of  the  column,   there  ls  an

increase  ln  clay  content  With  dept.h.     This  may  reflect  a  trend

toward  wetter  conditions.     Once  clay  was  blown   ln,   1t  was

trapped.     This   trend  reaches  a  maximum  vlthln  the  laminated

clay  and  slit  unit,   which  has  been  interpreted  as  lacustrlne.

Corlng  data

Seven   (two-inch  diameter)   cores  were  taken  from  the  top  of

the  terrace  using  a  Glddlngs  mobile  soil-sampling  drill.     The

locations  of  these  cores  are  shown  ln  £1gure  15  with  respect  to

the  exposed   face  of  the  terrace  flll.     The  sedlments  vlthln

these  cores,   the  column  described  earlier,   and  a  column  within

the  "channel"  are  represented  ln  flgure   16,

Ash  was  present   to  some  extent  ln  four  of  the  cores.     The

sediment  overlying   the  ash  Was  nearly  always  dl££erent,

bowever.     Loess  overlay  green  and  pink   (secondary)   ash  ln

core  4  and  discrete  chips  of  pink  ash   ln  core  5.     These  chips
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Figure   14.        Variation  of  particle   size   with  depth.      The   depths

shown     are     representative   and  are   not     actual     sample     deptits.

Datum     was     chosen  as   the   base   of   the   prof ile   in   figure   13     arid

the   lithology   uses   the   same   symbols.         Above   datum,    tr'.e   r,uri`.`oers

are   averaged   from  several   analyses;      those   belou  datum  are   from

single     analyses.        The   uppermost   analysis   is   from     the     mociern

Soil.        The     loess      is     quite     variable,     with     clay     and     sa.r`,d

percentages     each  ranging   from  20   to   30;      this   variability  does

not  correlate  with  depth.        Clay   increase   from  the  base  of     tr,e

loess     to     the  ash.        Note   the  sharp   increase   in  particle     size

from-the   colored,      secondary  ash   just  above   the   140   cm  depth   to

the   white,     primary   ash.      Below   the   ash,   the   allu`Jial   c.haracter

of     the   se'.iment   is  obvious,      though  pedogenic     processes     have

somewhat     dampened     the     size     swings  and     increased     the     silt

content  of  the   sands  above  datum.
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Figure     15.         Location  of  cores.        A   total   of   seven  cores     .-.ere

taken  from  the   terrace   surface.        The   terrace   face  of   figures  ¢

and   131s   located   between   the   arrows   on   this   diagram.
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Figure     16.        Core   descriptions.        Datum   is   the   surface   of     the

t:errace  at   the   front   face.        Parent  material   of   the   moderr.   soil

is   loess   in  all   cc)I.es.

A   ~  organic.-rich   A   I)orizon   of   modern  soil
AB  -transitional,   organic-poor,   clay-enriched
8   -clay  enriched,   frequently  reddened  a  horizon
BC   -transltlonal,   leached,   Mn  nodules   and/or   mctt,ling  pre3e
I   -loess   (C  horizon  of  modern  soil),   calcareous   Silt,   £riab
cy  -  clay
sl   -silt   (alluvia])
sd   -  sand

clayey  silt
llty  cl,ay
amlnated  silt  and  clay

-evidence  of  ash,   not  necessarily  airfall   ash
-evidence     of  a  paleosol   }!orizon;     darkening,     clay  ski,.is,

Hn  nodules,   etc.
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are  up  to   3  cm  long  and  are  randomly  oriented.     They  appear   to

be  rip-up  clasts.     The  sediment  beneath  these  chips   ls  alter-

nating  clay  and  white  sand.     A  full  ash  section  including

green,   pink  and  white  air-fall  ash  ls  present   ln  both  core   3

and  core  6.     The  sediment  overlying  the  green  ash  ln  these

cores  ls  alternating  clay  and  slit  of  alluvlal  character,

however,   slit  overlies  the  ash  ln  core  6  and  clay  overlies  lt

ln  core   3.

The  only  cores   ln  which  laminated  lacustrlne  deposits  were

retrieved  were   cores   1  and   2.     Core   1  ended   ln  nonlaminated

clayey  silt.     A  falntly  laminated  horizon  occurred  within  this

clayey  slit  beneath   the  lacustrine  unit.     Core   2  contains  a

falntly  laminated  unit  above  the  loess.     It  ls  possible  that

ash  ls  present  below  the  base  of  the  core.     However,   this   is

not  likely   (especially  ln  core  1),   based  on  the  relative  depth

of  the  the  ash  ln  other  cores  and  ln  the  exposed  terrace  face,

A  paleosol   underlies   the  ash   ln  cores   3  and  6.   .  In  core  4,

the  underlying  sediment   Ls  a  sesquioxide  stained  clay  with

abundant  Mn  nodules,   thus  this   ls  probably  a  deeper  level  of

the  paleosol   which   ls   not  darkened.      The   sedlments  below  the

pink  ash  chips   ln  core  5  are  also  stained  with  sesquloxides

and  contain  Hn  nodules.     Sll9htly  deeper   ln  core   5   there  are

abundant  Hn  nodules  and  root  casts.

In  the  cores  which  do  not  contain  ash,   loess   ls  present  to
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considerable  depths.     It  ls  possible  ash  Was  never  reached,   but

|s  present   ln  these  locations.     However,   based  on  the  eroslonal

truncatlon  of  the  ash  bed  exposed  on  the  terrace  face,   1t  ls

more  likely   that   the  ash,   if  ever  present,   has  been  removed   ln

these  locations.

It  is  evident  from  the  highly  variable  cores  obtained  from

this  relatively  small  area  that  the  sedimentological  history  of

the  terrace   £111   is  complex.     This  history  can  generally  by

egplalned  by   the  scenario  brle£1y  presented  below,   and   ln  more

detail  1n  the  conclusions  of  the  main  text.

Alluvlnm  was   deposited   ln  which  a   paleosol   developed.

Some  of  this   alluvium  was  eroded  away  by  a  stream  oriented

approximately  parallel   to  both  the  present   terrace   face  and  the

Kansas  River.      In  some  areas,   standing  water  must  have  existed

|n  which  the  ash  and  lacustrlne  sedlments  could  accumulate.     In

other  areas,   more  alluvium  Was  deposited.      The  channel   must

have  down-cut   further  or  meandered  toward  the  present  terrace

face  ln  order   to  erode  away  the  ash  and  some  lacustrlne

naterlal   ln  order  to   truncate  these  units.     The  block  of  sand

present  at  the  end  of  the  ash  on  the  terrace  face  represents

either  a  block  of  older  alluvium  from  a  level   above   the  ash

wh|cb  was  eroded  out  after  the  ash  fell,   or   ls  an  eroded  block

of  younger   alluvium.

The  entire  area  Was  eventually  buried  by  loess.     Several
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soils  are  present,   thus   the  loess  Was  not  all  deposited  at  one

time.     Though  no  unaltered  loess  ls  present  ln  core  6,   the  soil

present  ls   the  same  as   that  elsewhere  and  thus   lt  probably  has

loess  as  parent  material.     As  the  property  owner  has  bulldozed

away  an  unknown  quantity  of  material   from  the   terrace  surface,

true  depths  below  the  surface  can  not  be  obtained.     The  true

character  of  the  original  surface  of  the  sediment  Ls  llkevlse

unknown.
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Part  11

Procedure   for  Fission-Track  Dating

and  Evaluation  o£  D1££erlng  Analytical   Techniques
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INTRODUCTION

Part  I  of  this  report  presented  a  descrlptlon  and

|nterpretatlon  of  the  stratlgraphlc  sequence  of  sedimentary  units

present  ln  a  small   exposure  near  Desoto,   Kansas.     A  terrace

surface  overlying  these  sediments  may  correlate  vlth   the  Buck

Creek  Terrace  of  standard  nomenclature   for   the  Kansas  River

valley.     One  of  the  sedimentary  units   ls  a  volcanic  ash  which,   on

the  basis  of  physical  and  mineralogical  characteristics  and

magnetic  polarity,   is   clearly  shown  to  be   the   Lava  Creek  a  Ash.

At  its  source   ln   the   Yellowstone  area,   a  K/Ar   age  o£   0.62  my  has

been  determined   for   this  material.     In  contrast,   when  orlglnally

described  by  Davis   and  Carlson   (1952),   the  Buck  Creek   Terrace   was

assigied  an  Illlnoian  age  and  a  soil  developed   ln  the  upper  part

of  the  alluvlal   £111   was  believed   to  be  o£  Sangamon  age.     Despite

present  debate .about  Pleistocene  nomenclature  and  chronology,   the

sangaron  Soil   cannot  be  0.62  my   ln  age   (see  table   lln  the

Introduction  to  Part   I).     DetermlnatLon  of  an  absolute  age   for

the  Desoto  ash   therefore  becomes  of  paramount  importance  for

verifying  of  modifying   the  sequence  and  chronology  of  previously

proposed  episodes   in  the  development  of  the  Kansas  River  valley.

This  can  best  be  accomplished  by  fisslon-track  dating.

As  noted  ln  Part  I,   flsslon-track  dating  involves  the

counting  of  tracks  created   ln  a  host  substance  by  the  passage  of

ionized   fragments   formed  by   spontaneous   I ission  of   238U.      The
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rate  o£  £ormatlon  o£  £1sslon  tracks   ls  a  constant  that  can  be

determined,     Therefore,   to  obtain  the  age  of  a  specimen,   one  need

only  know   the   amount  o£   238U  present  and   the   number   (or  density)

o£  £1sslon  tracks   that  have  developed  since  the  specimen  cooled

su££lciently   to  become  able   to  retain  the  tracks.

The  easiest  method  by  which   to  determine   the   238U  concen-

tration  ln  a  material  to  be  dated  ls  by  comparison  vlth  a

standard  having  a  known  uranium  concentration.     This   ls  done  by

utilizing  the  constant   isotopic  ratio  o£  235u  to   238u.     Both  the

sample  and  the  standard  are   lrradlated  together   ln  a  nuclear

reactor.      Thermal   neutrons   induce   235U   (but  not   238u)   in  the

materials   to   fission.      The   neutron   fluence   (  £)    (number  of

neutrons  striking  a  square  centimeter  area  of  material)   1s  deter-

n|ned  by  counting   the   induced  track  density   (  Qi)   1n  the  standard

(or  dosimeter),   thereby  permitting   the   238U  concentration  of  the

sample  to  be  calculated.     A  more  specific  discussion  on  the

theory  o£  fission  track  dating,   and  some  of   the  problems

involved,   is   ln  Appendix  a.

The  population  method  o£  fission-track  dating  was  used  to

determine  an  age   for   the  Desoto  ash.      In  this  method   lt   ls

assumed  that  there  is  a  homogeneous  distribution  of  uranium  in

the  ash.     The  ash   ls  divided   into   two   splits,   one  of  which   ls

used  to  determine  the  spontaneous  track  density.     The  other

split  is  sent  to  a  nuclear  reactor  to  be   irradiated.     A  piece

of  standard  dosimeter  glass   is  sent  along  with  the  ash  sample
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to  be  irradiated  at   the  same   time,   since   the  number  of  neutrons

which  strike   the   235U  nuclei   within  the  sample   (the  nuclear

f|uence)   determines   how  many   induced   tracks  will   be   formed.

The  ratio  of  these  three  track  densities   (spontaneous,   induced,

and  doslmeter)   allows   the  age   to  be  determined.

Two  separate  methodologies  were  used  by  the  author  to  obtain

glass   £1sslon-track  dates.      These  are   the  methodologies  o£

Dr.   John  Boellstor££   (developed  at  the  University  o£  Nebraska,

Lincoln,   now  at  Amoco   Research,   Tulsa)   and  Dr.   Charles   Naeser

(U.S.   Geological   Survey,   Denver).      There   are   some   fundamental

d|££erences   in   the  approaches  used  by  these   two   sclentlsts.     The

two  main  dl££erences  are   in  preparation  of  the  glass  shards   for

counting  and   ln  determlnatlon  of  the  nuclear   fluence  used  ln

lrradiatlng  the  ash.

Boellstorff  performs  a  bulk  etch  of  the  ash  after

cleaning.     The  etch  time   ls  calculated  so   that  enough  glass

v|ll  be  dlgsolved  to  remove  any  tracks  formed  by  surface

Cranium  contamlnatlon.     The  shards  are  then  transferred  to  a

microscope  slide  and  the  fission-tracks  within  the  shards  are

counted  ln  water.     The   standard  glas;  used   for  fluence

determination  ls  a  piece  of  microscope  slide  for  vhlch

Boellstor££  has  calculated  an  appropriate  equation  which  will

be  described  below.     The   tracks  are  counted  directly  on  the

polished  and  etched  glass   slide  standard.     Boellstor££  also

redates  three  or  more   subsamples  of  the  Borchers  ash   (now
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generally  called   the  Huckleberry  Ridge  Ash,   see   Introduction  o£

Part  I)   along  with  each  lrradiatlon  ln  order  to  check  the  fluence

determined   from  glass  doslmeters  and  also   to  serve  as  an  lntra-

laboratory  standard.     Samples  of  both  the  Desoto  ash  and  the

Borchers  ash,   along  with  several  glass  doslmeters,   were  sent  to

the  Georgia  Institute  o£  Technology  Research  Nuclear  Reactor   (a

9raphlte  reactor)   for   lrradlatlon  and  dated  by  this  method.

•  For  Naeser's  method,   the   shards  must  be  embedded   ln

epoxy  and  polished  before  etching.     This  pollshlng  removes

enough  glass   to  ellmlnate  any   tracks  vhlch  may  have   formed   from

surface  uranium  contamination.     Flsslon-tracks  are  then  counted

on  the  exposed  portions  of  shards  on  these  slides.     The  ash

dated  using  this  procedure  Was   lrradlated  by     Naeser   ln  the

U.S.G.S.   TRIGA  reactor   in  Denver.      The  nnclear   fluence   was

determined   by   using   the   National   Bureau  o£  Standards   (NBS)

fission-track  glass  standards.     In  order  to  eliminate  the  need

to  repolLsh  and  etch  the  NBS  glass  after  each  lrradlatlon,   and

thus  preserve  it,   the  external  detector  method  is  frequently

used.     In  this  method  the  tracks  are  counted  on  a  piece  of

track  detector     instead  of  on  the  glass  itself .     A  piece  of

muscovite  detector  Was  attached  to  the  NBS  glass  standard

before   lrradlatlon.     One  of  the  tva   flsslon  fragments  from  the

orlglnal   235U  nucleus  which  split  during  £lsslon  will   form  a

track   ln  the  detector,   t7hlle   the  other   fragment  will   form  a

track  in  the  glass.
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Since  glass  shards  anneal  at  relatively  low   temperatures

(Storzer,   1970),   especially   when  hydrated   (Lakatos   and  Miller,

1972),   an  attempt   to  date   the  more  stable  zircon  phenocrysts  was

made.     Zircon  ls  dated  by  the  external  detector  method.     The

zlrcon  crystals  are  embedded   in  FEP   teflon  and  etched  before

irradiation  so  that  the  spontaneous  tracks  are  counted  ln  the

zircon  ltsel£.     A  piece  of  muscovite  detector   is   then  attached  to

the  etched  teflon  chip  over  the  zlrcons  and  the  entire  package

irradiated,      The   induced   tracks  are   then  counted   ln   the  mugcovlte

detector  after  it  ls  etched.

Irradlatlons  were  performed   ln  the  same  reactors  used  by

Boellstor££  and  Naeser,   respectively,   in   their   own  work,

Particulars  of  their  respective  methodologies  are  located  ln

Appendix  C.      Following   is   a  brief  discussion  of   the  dl££erent

doslmeters  used   in  the  research  and  methods  of  £1uence

determination.

Neutron  Fluence  Determination

Flsslon-track  glass  standards  are  used  to  determine  the

fluence  wlthln  the  reactor  to  which  the  irradiated  shards  have

been  exposed.     The   thermal   neutron   flux   ls   the  rate  at  which

neutrons   bombard  a   Substance   (n/cm2/gee),   while   the   £1uence   ls

the   integrated   flux  over   time   (n/cm2).     D1££erences   ln   the

chemistry  of  these  various  glasses  as  well  as  differences  in

the  method  by  which  each  was   initially  calibrated,   including

68



:`_--____

i

the  dl££erent  energy  spectra  generated  by  various  reactors,   can

result   in  a  di££erent   fluence  being  determined  from  the  use  of

different  standard  glasses.     Three  di££erent  glass  standards  were

selected  for  use  on  this  project.     More  detailed   information  is

located   ln  Appendix  C.

Host  workers  engaged  in  i ission-track  research  within  the

United  States   use   National   Bureau  o£  Standards   (NBS)   Flsslon

Track  Glass   wafers.      These   wafers   (12  X   3  mm)   can  be   purchased

ln  a  set  contalnlng   four  non-1rradlated  glass  wafers  and  two

wafers   irradiated  by  the  NBS.     Four  di££erent  uranium  levels

are  available.     These  glasses  are  a  subset  o£  NBS's   series  o£

Trace   Elements   ln  Glass   standards.      NBS  standard   SRM962a,   which

contains   37.38   ppm  U,   was   used  as  one   standard.      Naeser   uses

the  analogous  NBS  standard,   SRM612  of  the   Trace  Elements   in

Glass   series,   as  his  dosimeter.

Boellstor££  uses   a   1/2   by   1/4   inch   (~13   X  6  mm)   chip   from

a  set  of  microscope  slides  which  Were  calibrated  to  Flelscher's

original  sit  of  dosimeters  as  his  standard.     These  chips  were

also  used   ln  this  research.     This   ls   the  same  procedure  used  by

Fleischer,   Price,   and  Walker   (1965)   in  their  pioneering  studies

on  fission-tracks.     The  uranium  dlstrlbutlon  was   found   to  be

unl£orm  and  present  at  a  concentration  o£  0.7  ppm   (Boellstor££,

pers.    comm.;    1985).

A  third  glass  standard  was  obtained  from  the  Coming
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Museum   o£   Glass.      The   Coming   glass   CN-I   (1   ln2   (2.54   cm   )),

contains  approximately  40   ppm  U.     It  Was  chosen  as   the   third

doslmeter  because   lt   ls   the  only  specially  made  natural  uranium

glass  standard  presently  available.     It  Was  cut  into  pieces  the

same  size  as  Boellstor££'s  standard  chips   for  ease   ln  handling.

The  effects  of  using  glass  standards  prepared  vlth  depleted

uranium  and/or  contalnlng  other   trace  elements  are  outlined   ln

Appendix   C.

The  neutron  fluence   ls  determined  from  the  NBS  standards

by  directly  comparing  the   fisslon-track  density  ln  the  dosi-

meter   ( eo)   irradiated  along  with  the  sam.0les  to  that  in  an

ldentlcal  piece  of  glass   lrradlated  previously  by  the  National

Bureau  o£  Standards   under  known  condltlons.     Both   irradiated  and

nonirradiated  specimens  are   included   ln  the  package  of  doslmeters

which  can  be  purchased   from   the   NBS.

The   fluence   (  a  )   can  be  determined  for   the  Boellstor££

standards  directly  from   Qo.     The  orlglnal  equation  described  by

Flelscher   and  Price   (1964)   was  modl£1ed  by  Boellstorf£

(Equation  1)   to  fit  his  standards,   since  they  contain  more

§=|.|3      o.o3XloLLqo                              eqnl

uranium  than  Flelscher's  original  standards.     In  order  to  use

Equation  1,   1t  ls  essential   that  the  etching  condltlons  be

replicated  as  exactly  as  possible.
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For  the  Coming  standard  CN-1,   neither  an,equation  nor  a

pre-1rradlated  specimen  exist,     The   fluence  was   thus  calculated

by  a  method  analogous   to   that  described   for   the  NBS  dosimeters.

Since   the  neutron  fluence  can  be  expressed  as  a   functlon  of  a

constant  and  the  dosimeter   fission~track  density   (Equation  1),

once   the  value  of   this  constant   ls  determined   for  a  specl£1c

dosimeter,   only  qo  is  necessary  to  calculate  F  .     This  constant

ls   termed  a  8   factor  by  Fleischer  ei  a|.   (1975)   and   is

discussed  further   in  Appendices  a  and  C.     Thus,   if  the   fluence

can  be  determined  by  any  other  method   for  a  reactor  run,

including  a  different  dosimeter,   a  a  factor  can  be  calculated

for   the  doslmeter  lacking  an  lrradlated  pair.     The  a   factor   for

the  Cornlng  glass  was  calculated   from  the  specimen  irradiated

ln  Denver   using   the   fluence   Naeser   had  determined   for   this   run

from  his   NBS  doslmeter.      This   a   factor   was   then  used   to

calculate   the  unknown   fluence   for   the  Georgia  Tech  reactor.

In  order   to  determine   `o  ,   the  dosimeters  must  be  etched

ln  order   to  make   the   £1ssion-tracks   large  enough   to  count  under

an  optical   microscope.     Following  ls  the  procedure   for   the

determlnatlon  of  eoln  each  of   the  doslmeters.

Preparation  of  standards

Before   lrradlation,   each  piece  of  doslmeter  was  cleaned

with   alcohol   to   remove   as   much   uranium  contamlnatlon   from  dust,

etc.   as  possible.     The  dosimeters  should  be  placed  at  several
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locations  within  the  irradiation  package  so  that  possible

varlatlons  ln  the  nuclear   flux  during  lrradlation  can  be

napped .

After  irradiation,   the  glass  pieces,   including  the  pre-

irradiated  NBS  standard,   Were  each  glued   to  a  glass  microscope

slide   using  Buehler  epoxy.      The  orlglnal   surface  Was  removed  by

grlndlng   ln  one  dlrectlon  on  a  slant  board   (see   flgure   17)   to

which  a  piece  of  automotlve  wet-dry  400  grit  paper  had  been

attached.      The   slide   was   rotated  by   180®  after   each  pass   to

prevent  the  slide   from  becoming  thinner  on  one  side   than  the

other.     Grit  of  this  size  creates  scratches  which  are  about

25  microns  deep   (Buehler,1976).      This  guarantees   that  when  the

scratches  are  removed,   any   tracks  seen  will   have  been   formed   ln

four-pi   geometry,    (e.g.    from  uranium  atoms  which  may  have   been

either  above  OR  below   the   final   glass  surface)   and   that  none  of

the  fission-tracks  counted  are  from  uranium  contamination  on  the

original   surface,   since  the  etched  fisslon-tracks  are  only  about

12  microns.long   (Boellstor££,1973a).      These  scratches  were

removed  by  grinding   them   in  a  similar   fashion  With  600  grit  paper

in  a  perpendicular  direction.     Polishing  tJas  done  on  a    Buehler

Ecomet  Ill  polisher/grinder  using  Buehler  Hlcrocloth  pollshlng

cloth.     This  fuzzy  cloth  yielded  better  results  than  flat  linen

clothes,   because   the   thick  slides  rapidly  tore  the  linen.     The

600  grit  scratches  Were  removed  by  moving  the  slide  along  a

radius  of  the  polishing  disk  with   1000   Sic  grit.     Final   polishing
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Figure   17.      Slantboard,      Apparatus   used   to  grind   slides   so   cril].

unidirectiorial   scratches   would   be   formed.





was  done  slmllarly,   but  with  a  six  micron  diamond  slurry.     It  1g

best  to  keep  scratches  unidirectional   to  limit  confusion  o£

polishing  pits   with   fission-tracks   (Naeser,   pers.   comm.;   1985).

The   slides   were  cleaned   in  a   weak  Alconox  solution   in  an

ultrasonic  cleaner   for  several  minutes,   rinsed  with  tap  water,

and  squirted  with  alcohol   to  dry.

Etching  techniques

The  etching  procedures   for  use  with  Equation  1  are  much

di££erent  than  those   for   the  other  glasses.     The  ob].ect  is   to

replicate  the  conditions   for  which  the  equation  was  derived

instead  of  to  create  well-developed  fission-tracks.

Boellstorf£'s  microscope  slide  standard  was  etched  as  per  his

directions   (five   seconds   in  48*  HF  at   20°C).      Tracks  can  be  seen

because  glass  damaged  by   the  passage  of  a  £1sslon  fragment

dissolves   faster   than  undamaged  glass.     Unfortunately,   five

seconds   is  not  long  enough  to  develop  fission-tracks   fully.     The

di££erential  etch  rate  has  not  had  a  chance   to  allow.tracks  that

are  nearly  parallel   to  the  dosimeter  surface  to  be  seen  (see

Appendix  C).     After  awhile,   the  critical  angle  at  which  a

fission-track  axis  must  penetrate  the  glass  surface  in  order  to

be  seen  stablllzes  and   the   £1sslon-track  density  will  no   longer

change  vlth  etch  time   (assuming  the  uranium  concentration  ls

homogeneous).      The   time   it   takes   for   this   to  occur  depends  on

several   factors,   including  the  chemistry  of  the  glass.
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The  etching  conditions  are  thus  critical   for   the

Boellstorff  glass.     The  procedures  used  to  obtain  these  etching

condltlons   were  as   follows.      The  acid  was  cooled   ln  an  ice  bath

on  a  magnetic  stirrer  until   the  temperature  stabilized  at  20°C.

Two  pieces  of   the  doslmeter   (which  had  been  lrradlated  at

Georgia  Tech)   Were  glued  to  a  microscope   slide  vhlch  was  then

held   in  a  bulldog  clip  and  agitated   in  fresh  48*  HF.     So  as   to

best  approximate  a  true  etching  time  of  only  £1ve  seconds,   the

slide  was   lnltlally  pulled   from  the  acid  just  after   four

seconds  passed  and  then  held   ln  a   1000  ml  beaker  of  dlstllled

water   for  several   minutes.     The   slide  entered  the  water   just

before   five  seconds,   resulting  in  the  etch  stopping  quite  near

the  proper  tine.     After  the   initial  rinse,   the  slide  was  held

under  running  tap  water   to  be   sure  all   traces  o£  HF  were

removed .

The  remalnlng  standards   (1ncludlng  the  other  Boellstorf£

standards)   were  all   etched  at  room  temperature   (26°C)   ln  24*  HF

as  per  Naeser's  procedure   (Briggs,1978).     F1£ty  mill.iliters  o£

48*  HF  were   slowly  poured   into   50   ml   of  distilled  water   ln  a

'  150  ml   plastic  beaker.     The  mixture  Was  poured  back  and   forth

several   times   to   ensure  complete   mixing.      The   24*  HF  was

allowed  to  cool   1n  a  covered  beaker   for   30  minutes,   since  HF  has

a  relatively  high  heat  of  dlssolutlon,     Thirty  seconds  was

determined  to  be  a  satlsfactory  etching  time  by  experlmentatlon

with  duplicates  of  each  standard.     Several   factors,   including
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glass  chemistry,   e££ect  the  etching  efflclency,   thus  the  time

must  be  determined  separately   for  each   type  of  glass.

The   NBS  doslmeter   lrradlated  by   the  NBS  was  etched

simultaneously  with  a  wafer   irradiated  along  with   the  samples

sent  to  Georgia  Tech.     The  remaining  Boellstorff  standards   (one

of  which  had  been  irradiated   in  Georgia  and  the  other   ln

Denver)   were  then  etched  together,   followed  by  the  Georgia/

Denver   pair  o£  Cornlng   standards.      The  slides   were   held   in  a

bulldog  clip  and  agitated   in  acid.     At  thirty  seconds  they  were

transferred   to  a   1000   ml   beaker  of  dlstllled  water   to   stop   the

etch.      They  Were   then  thoroughly  rinsed  ln  running   tap  Water.

When  the  etch  was  checked  by  viewing   the   slides  at  600X

under  a  microscope,   it  was  discovered  that  on  many  of  the

slides   the   tracks  Were  decorated  vlth  an  unknown  substance.

Rinsing  the  slides  for  fifteen  seconds  ln  a     3H  solution  o£

HN03   Succeeded   ln  removing   the   substance.      This  procedure   ls

similar   to   that  suggested  by  Carpenter  and  Reimer   (1974)   for

cleaning  do;imeters  prior  to   irradiation.     Boellstor££  later

commented  that   this  occurrence   is  normal,   he  sometimes  uses  a

toothbrush  and  liquid  soap  to  clean  the  glass  slides   (pers.

comm.;   1986).      Immediately  prior   to  counting,   the   slides  were

cleaned  by  rubbing  gently  vlth  lLquld  dish  soap  and  a   £1nger

tip,   as   had  been  suggested  by   Boellstor££   (pers.   comm.;   1984).
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Figure   18.        Fission-tracks   in  a  dosimeter.        Fission-trac}cS   are

conical      and     are   readily   visible   in     dosimeter     NBS-SBM962.        A

cluster     of    etchant     ''dishes"     is  present     in     the     upper     left

(vertical   arrow).        Light  will   focus   to  a  point   in   the   base   of  a

fission-track  as  the   focus  knob  of  the  microscope   is   turned,   but

sweeps     across   etchant  pits,        The   vertical   lines  are     polishirtg

scratches.        A     double     track   (diagonal   arrow)    is   also     preser;t.

(630X,   plain   light)
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Counting   techniques

Counting   was   done   at   600X  under  a  Bausch  and  Lamb

microscope  with  a  transmitting  light  objective  and  halogen

light  source.     Approximately   1000   tracks  should  be  counted  for

each   £1uence  determination.      A   1  mm2  grid  with   100   square   sub-

divisions  was  used   for  counting.     The   fission-track  count  varied

substantially  between  the  dosimeters  because   the   235U  concen-

tration  Was  also  highly  variable.     For  the  NBS  and  Cornlng

dosimeters,   fission-track  count:s  were  recorded   for  each  small

square.     The  density  was  so   low   in  the  Boellstor££  dosimeter   that

counts   for   the  entire  grid  o£   loo   squares  Were  recorded.

The  large  expanse  of  good  quality  glass  makes   fission-track

counting  of  the  dosimeters  relatively  fast  and  easy.     Fission-

tracks  should  be  cone-shaped  and  come  to  a  sharp  point.     Light

should  move  along  the  slope  of   the   fisslon-track  as   the   focus

knob  ls  moved  up  and  down.     The  etchant  caused  plttlng  of  the

glass  surface,   creating  shallow   "dishes",   but  these  should  not

be  counted   (see   £1gure   18).     All   the  scratches  are  unldirec-

tional,   so  the  occasional   track-like  pitted  scratch  can  be

identified  as  such.

In  regions  with  a  high  density  o£  £1sslon-tracks,   counting

can  become  dl££icult.     The  points  of  light   ln  the  base  of  each

track  can  usually  be  resolved.     If  the  tracks  can  not  be

di££erentiated,   the  reactor  run  must  be  repeated  with  either  a
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lower  nuclear   fluence  or  a  different  dosimeter,   depending  on

the   flsslon-track  density  within  the   lrradlated  samples.

Glass  Fission-Track  Dating

Sample  collection

The  ash  is  located  in  a  terrace  fill  along  the  front  o£

which  a  driveway  has  been  cut     (see   figure   1   in  the   Introduction

to  Part  I).     The   face  of  the   £111  was  scraped  clean  and  then

approximately  another   inch  of  material   removed   from  the  surface

of  the  ash  in  order  to  minimize  the  possibility  of  contamination.

The  ash  bed   ltself  varies   in  thickness,   as  was  discussed  earlier.

A  trowel   Was  used  to  remove   samples   from  the   thick  portion  of  the

white  alrfall   ash,   trying   to  minlmlze   the  amount  of  reworked  ash

and  extraneous  material  while  maximizing  the  percentage  of  basal

ash  retrieved.     The  e££ects  o£  9ravlty  settling  caused  the

lowermost  portions  of  the  ash  to  contain  the  highest    percentage

of  large   shards  and  phenocrysts.     Ash  was  removed   to  a  depth  of

about  one  foot  back  into  the  terrace  face.     Approximately  10

gallons  of  ash  Were  obtained.

Sample  preparation

The  vhlte  ash  Was  processed  as  described  previously  ln  the

section  on  petrography.     The   resulting  glass   fractlon   (-120+170

mesh,   0.125   -0.088   mm)   was   then  rinsed  and  decanted   several
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times.     It  was   then  agitated   for  several  minutes   ln  an

ultrasonic  cleaner  to  remove   fines.  from  inside  vesicles.     The

ash  was   treated  with  concentrated  hydrochlorlc  acid  and  30*

hydrogen  peroxide  solutions,   respectively,   in    order  to  remove

any  carbonates  or  organlcs.     In  order   to  Promote  quick  drying,

the  ash  was  then  centrifuged  at  3000  rpm  for  eight  minutes.

Finally,   the  clean  ash  Was  spread  out  on  paper   towels  underlald

by  aluminum  foil   to  dry  in  an  air  conditioned  room.

Before  dates  can  be  obtained,   a  portion  of  the  ash  must  be

irradiated  in  a  nuclear  reactor.     As  stated  above,   this  is  the

best  method   for  determining  the  uranium  concentration  of  the

glass  shards.

Boellstor££'s   method

Irradlatlon  procedure  -  Approximately  10  grams  of  clean  ash  were

lrradlated   ln  position  V-43  of  the  Georgia  Institute  o£  Tech-

nology  Research  Nuclear  Reactor  by  Dr.   Ratif  Karam.     The  reactor

power   was  .250   Kw   With  a   sub-cadmium  neutron   flux  of  approximately

1.4  X   1011  n/cm2/sec.      Thus   irradiation  for  80   minutes  yields  a

neutron   £1uence  o£  6.7   X   1014   n/cm2,   a   figure   within  5*  of   the

£1uence  used  by  Naeser   When  he   irradiated   the  author's  other

sample   ln  Denver.

Since  the   fluence  ls  a  determlnlng  factor   ln  the  number  of

tracks  which  will   be   induced   in  the  glass  shards'  {see  above  and
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Appendix  C),   it   is   important  to  choose  an  exposure   which  will

produce  a  countable   track  density.     It  is  desirable   to  have  a

relatively  high  density  of  tracks  so  that  counting  will  be  fast.

If  the  density   is   too  high,   however,   tracks  may  obscure  each

other  and  make  counting  difficult.   The  sample  vessel  was  rotated

at  1  rpm  to   try   to  minimize   the  e££ect  o£   flux  variations  within

the  reactor,   as   suggested  by  Boellstor££   (pers.   comm.,1984).

Ash   samples   were   placed   in  approximately   5.5   X   1.5  cm

polyethylene  plastic  vials.     The  Boellstorff  standard   (8)   and

Coming   standard   (CN-1)   were   placed   into   similar,   though

smaller  vials  of   2.5   X   1   cm.      The  National   Bureau  of   Standards

(NBS)   glass  disks   were   placed   in  the   larger   vials,   as   they  would

not  fit  ln  the  smaller  vials.     Standards  were  placed  at  two  or

more  radii  and  at   two  or  more  elevations  within  the  one  quart

bottle   ln  Which  samples  are   lrradlated,   as  Suggested  by

Dr.   Klrkland   (pers.   comm.,1984),   because   the   flux   within  a

reactor  varies.     Figure   191s  a  diagram  of  the  location  of  the

different  standards  and  samples  wlthln  the  one  quart.irradiation

vessel.     Urifortunately',   the  location  of  each  vial   Was  merely

. napped  and  the  vials  were  not  separately  labeled  as   to   location.

The  radiation  safety  officer  at  the  University  of  Kansas  later

unpacked  the  contents  of  the   irradiation  vessel   When  lt  Was

returned  from  Georgia  Tech,   thereby  destroying  all  record  o£

posltioning.      Thus,   it   was   not  possible   to  map  any   flux

variations  that  may  have  occurred.
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Figure      19.         Packing     arrangement   within     irradiation     ves`<ei.

Each     sin.all   circle   represents  a   vial.        The   split     circles     are

stacked  smaller  vials,     the  upper  vial   is   listed  on   top.        GJ  =

Desoto      ash,      CN-1      =     Coming   Museum   o£   Glass   40      ppm     urar,ium

standard  glass,     8  =  Boellstorf£'s   standard  glass   (HU,     #'.,   arid

PT     are     other   ashes).        The   Borchers   ash     was      irradiated     an€

counted  as  an  interlaboratory  standard.



r`
i



Etching   techniques   -  Since   the  hydro£1uoric  acid   (HF)   etchant

dissolves  glass,  plastic  containers  must  be  used  for  all

procedures.      The  procedure  given  the  author  by  Boellstor££   (pers.

conm.,1984,1985)   was   slightly  modified   ln  an  attempt  to  reduce

any  di££erential  etching  of   the   induced  and  spontaneous   tracks.

A   24*  HF   solution  Was   made   by   pouring   50   ml   of

concentrated   (i.e.   48*)   HF  and   50   ml   of  distilled  water  back

and  forth  between  two  plastic  beakers  several  times.     HF  acid

has  a  very  high  heat  of  dissolution,   therefore  the  acid  was

then  allowed   to   cool   back   to   room  temperature.'   Two   1000   ml

beakers  with  800   ml   of  distilled  water   in  each  were  set  on

magnetic  stirrers  to  quickly  and  thoroughly  disperse  the  ash

when  stopping   the  etch.     Etching  was  done   in  1  pint  plastic

bottles   from  which   the   tops   had  been  removed.     These  were  set

in  a  sonic  cleaner   in  order   to  keep  the  ash  continuously

agitated.     One  tablespoon  o£  1rradlated  ash  was  placed  carefully

at  the  base  of  one  container  and  one  tablespoon  of  nonirradiated

ash  Was  placed  in  another  container.     Care  Was   taken`to  ensure

that  no  ash  clung  to  the  side  of  either  container.     This  quantity

of  ash  was  found  to  be  the  largest  amount  which  could  be

e££iciently  etched  at  one   time.     Flfty  milllllters  o£  24*  HF  was

poured  into  each  container.     These  Were  occasionally  swirled  by

hand .

Two  minutes  was  determined  by  Boellstorff   (1973a)   to  be

adequate   to   remove   any   tracks  Which  may  have   formed   from  surface
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uranium  contamination  for  his  mid-continent  Pleistocene  ashes  and

was  used   for   this   study.     After   two  minutes,   the   etch  was   stopped

by  pouring  the  contents  of  each  container  into  a  separate  beaker

containing  800  ml   of  swlrllng  distilled  water.     The   stirrer  was

immediately   turned  off  and  the  water  poured  o££  as   soon  as  the

ash  settled.     It   is  possible   that  mild  etching   ls  still  occurring

at  this  point  since  the  ash  ls  in  a  weak  acid.     Therefore,   the

1000   ml   beakers   were   re£1lled  and  decanted   several   times.

Finally,   the  ash  was  retrieved  by  filtering  through  a  vacuum

filter.      Most  of   the   Desoto   sh.ards  had  dissolved  completely  by

this  time;   however,   what  remained  were  the   thick,   flat,

nonpumiceous   shards  desirable   for  counting.     It   is  easier   to

count  tracks  on  flat,   broad  expanses  of  glass  than  on  the  tiny

ridges  between  the  vesicles   in  pumiceous  glass.     Host  of   the

Borchers  ash   (1nterlaboratory  standard),   being  coarser,   survived

the  etch  procedure.     The  etch   time  can  not  be  reduced  substan-

tially  because  enough  material   must  be  removed  to  be  sure  no

tracks   from  surface  uranium  contamination  still  exist

(Boellstor££,1976).

Counting  techniques  -  Counting  of  tracks  was  done  under  an

optical   Bausch  and  Lomb  microscope   with  a  halogen  lamp  and  a

transnittlng  light  objective  at  600X.     A  random  sample  of  the  ash

was  transferred  with  an  eye  dropper   from  the  vial   to  a  glass

microscope   slide.      The   slide  was  covered  with  a  large  cover  slip
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and  Water  added  carefully  along  an  edge  as  necessary   to  keep   the

slide   from  drying.

The  area  of  glass  counted  Was  determined  by  use  of  a

counting  grid.      The   grid  used  here   was   1  mm2  and  divided   into

loo  square  subdivisions.     The  area  o£  good  quality  glass   (no

vesicles,   crystalltes,   etc.)   which  can  be   found  with  a

reasonable   frequency  ls  determined  by  scanning  the  shards  under

an  optical   microscope.      The   Desoto  ash  Was  counted  using  an

area  o£  4   X   4 .squares   and   the  Borchers  ash  using  an  area  o£  5  X  5

so.uares   (compare   figures   10   and   20).      Three  hundred  areas  o£

spontaneous  tracks  and  one  hundred  areas  of  induced  tracks  should

be  counted.

The  most  efficient  method  to  survey  a  slide   is  to  scan

across   it  with  one   axis   fixed.     This   was  accomplished  on  the

available  microscope  by   immobilizing  one  of  the  axis  adjustment

knobs   with  masking   tape.      The   slide   was   scanned  until   an

adequately  sized  shard  Was  located.     The  grid  Was  then  positioned

appropriately  on  the  shard,   and  all   tracks  wlthln  the  counting

area  were  counted.     The  grid  should  be  positioned  with  the  shard

slightly  out  of  focus   to   inhibit  selecting  Piased  placements

based  on  track  location  Within  the  shard.     The  focus  needs  to  be

moved  up  and  down  constantly  while  counting.      Tracks  are  conical

and  the  light  will  move  along  the  track  as  the  focus  knob  ls

turned,   ending   in  a  dot  of   light   (see   figures   18  and   21).
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Figure      20.         Morphology     o£     Borchers   ash     shards.         Note      the

overall     larger   size  of   tl`ese   shards  compared   to   those     of     the

Desoto   ash   in   I igura   10   at   the   same   magnif ication.      Bubble   wall

(1),      bubble      junction   (2),      vesi.cular    (3),      and   pumiceous      (4)

shards   are  present.      The  cloudiness  of  some   shards   is  caused  by

small   amounts   of   attached  clay.      This   is   the   0.25   -0.147   mm

(-60+100   mesh)   sieve   fraction  as   seen  in  plain  light.





Figure     21.        Fission-tracks   in  the   Desoto  ash     -Boellstorff 's

method.         A)        Fission-tracks   on  a   curved     shard     surface.        By

moving      the      focus   kJiob  of   the   microscope,      t.ra(;ks   or?.   the      :eft

side     of     the     i igure  and   the   i\nderslde   of     the     shard     can    be

brought     into     focus     and  counted.        Note     the     etched     surface

texture     of     the   shards.        8)     Etch-through.        Since   it  can    be

determined   that   one   track  etched   all   the   way   through   t})e     s}iard

(arrow),      lt   should  be   counted  as   two   tracks,   one   starting   from,

the     base     and   the  other   from  the   top  of   the     she.rd.        Triis     is

because     the   total   area  counted   is  actually   twice   that     scanr.ed

since     tracks     on`both  sides  of  the  shai`d  are  counted.        If     it

tJere   not  clear   how  many   tracks,      lf  any,   were   actually  preser,t,

the     shard   should  not  be  counted.        Etched-through     tracks     are

easily   confused   with   small   vesicles.      (630X,   plain   light)
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As   the  entire   shard  was   etched,   tracks  on  BOTH  sides

will  be  revealed.      If   the   focus  knob   is  not   turned   far  enough

to  focus  on  both  these  sets  of  tracks,   the  resultant  track

density  will  be   in  error.     On  thin  shards,   tracks  can  etch  all

the  way   through   (see   figure   21).     Counting   in  areas   where   this

has  occurred  was  avoided.      It   is  very  di££icult   to   tell  one

track  from  two  tracks  which  have  joined,   or  either  of  these

from  a  vesicle.     It  can  be  dl££icult  to  distlngulsh  surface

pitting  caused  by  the  etchant  from  tracks.     These  pits  are

usually   "dish-shaped"   while   tracks   are  conical   (see   flgure   18).

This  is  one  reason  why  it  is  essential  to  continually  turn  the

focus  knob  up  and  down.      Light  acts  dl££erently   lnslde  a  cone

from  inside  a  partial   sphere.     Shadows   should  converge  near   the

center,   not  sweep  across   a  potential   track.     Subsequent  scans

were  several   grid  widths   from   the  previous   scan  to   avoid

recounting   the   game   shards.

The  number  of  tracks  counted  in  each  area,   including  the

zeros,   was  recorded,      Then  the   spontaneous   track  density   ls

calculated  from  the  honlrradiated  shards  and  the   induced  plus

spontaneous   track  density   from  the   irradiated  shards.     Since

both  sides  of  each  shard  were  counted,   the  area  used  ln  the

calculations   is  actually   twice   the  grid  area  scanned.

Age  calculation  -  To  determine   the  reactor   flux  for  the

irradiation  from  the   standard  glasses,   the  dosimeter   track
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density   is  required   (see  Neutron  Fluence  Determination).     The  age

of  the  Borchers  ash   ls  calculated  first  to  check  the   fluence

calculated  by  counting  tracks   ln  the  doslmeter.     This  ash  has

been  repeatedly  dated  at  about   2  my.      If  a  dL££erent  age   ls

obtained,   there   ls  an  error  iL  counting  or  elsewhere.     If  this

occurs,   the  doslmeter  and  Borchers  ash  should  be   recounted   to

establish  that  the  calculated  track  densities  are  accurate.     If

the  fluence  determination  is  still   in  error,   a  declslon  must  then

be  made  as   to  Whether   the  problem  is  large  enough  to  Warrant

discarding  the   sample  data.     This  depends  on   the  accuracy  needed

to  answer  the  question  being  asked  by  the  worker.     If  not,   one

then  determines  an  appropriate   fluence  by  back  calculating   from

the  Borchers  ash  age.     This   fluence   ls  then  used  to  determine  the

age  of   the   unknown  ash.

The  ages  reported  for  each  sample  generally  should

represent  the  mean  and  one   standard  devlatLon   (blnomlal)   of  at

least  three  age  determinatlons  made  on  subsets  of  the  ash

sample   (Boellstor££,1973a).      The   age  obtained   from   the

original  Borchers  ash  calculation  shoald  also  be  reported  to

give  an  additional   indication  of  the  accuracy  of  the  age

determination.     Since  this  ash  has  been  repeatedly  dated,   1t

can  be  used  as  an   interlaboratory  standard   (Boellstor££,   1976)

to  determine  at  least  general  dlrectlonal  biases  of  di££erent

workers  and  rellablllty  of  the  reported  ages.

The  version  of  the  age  equation  used  by  Boellstor££
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i`:I         (Equation   2)   has   taken   into   account   the   slight  amount  of  alpha
L'`

decay  which  occurs   and  combined   the  various  constants.

a-_H.qsuoiio9Eq.soxl6'.trE             equ2

|n  equation  2;   A   is   the   time  over  which   fission-tracks  have  been

stored,  Z  ls  the  nuclear  reactor  fluence,  €.  1s  the  spontaneous

fission-track  density,   and    e;  is   the   induced  track  density.     This

equation  ls   the  same  as   that  used  by  Naeser   (Equation  5),   except

for   the  use  of  log  base   10   instead  of  the  natural   logarithm.

Naeser's   method

|rradlatlon  procedure   -  Approximately  three  grams  of  the  I)esoto

ash  were   sent   to   Dr.   Charles   Naeser   to  be   irradiated   in  the   U.   S.

Geological   Survey   TRIGA   Reactor   in  I)enver.      One   piece   each  of

Cornlng     glass   standard   (CN-1)   and  Boellstor££'s   standard   were

included  ln  order   to  directly  compare  the  nuclear   flux  within  the

Denver  and  Georgia  reactors,   respectively.     The   irradiated  ash

was  returned  to  the  author   folded  within  a  flat   1/2   inch  square

foll  package,   while   the   standards  were  returned  as   loose  chips.

This   sample   had  been   irradiated  along  with  NBS-SRH612   standard

glass,   the   fission-track  dosimeter  generally  used  by  Naeser.

A  suitable  neutron  fluence  can  be  determined  uglng

equation   3:
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§   =   1.63   X   |o7   T eqn3

where   Z   is   the   total   neutron   £1uence   in  n/cm2  and  T   is   the

expected  age   in  years   (modified   from  Naeser,1976).      If   the

normal   neutron  flux   (n/cm2/sec)   is  known  for  a  specified  power

level,   the  exposure   time  can  be  readily  obtained.     Naeser

calculated   that  a   £1uence  of  6.96  X   1014  n/cm2  had  been  used   for

the  samples  sent  to  him  by  counting  the  tracks  ln  aL  muscovite

track  detector  placed  on  the  NBS  standard  during  the   irradiation.

Slide  preparation  -  There   is  really  only  one  way  to  make  these

slides.     Repeated  experiments   with  dl££erent  epoxles  and  various

manufacturlng  techniques   failed.     An  epoxy  smear  Will  curl   up  and

fall  o££   the  slide  during  etching;   while  ash  sprinkled  on  top  of

an  epoxy  blob  will   aggregate  and  sometimes  sink,   leaving  pits

scattered  over  the  slide  surface  and  too  little  glass  at  any  one

level   When  the  slide   is  polished.     The  pits  are  covered  With

nonembedded   shards   which  have   not  been  polished,

Naeser  uses  Buehler  epoxy  and  a  grooved  teflon  block  to

make  slides.      The  Buehler  epoxy   is  clear,   hardens   in  about

three  days  at  room  temperature,   and  has  a  viscosity  low  enough

to  permit   Lt   to   flow  easily  and  entrap  shards.   The   teflon  block

contains  a  central   trough  approximately   1  mm  deep.     A  small

pinch  of  ash   is  scattered  over   the  center  of  the   trough  and  a

few  drops  of  epoxy  dropped  onto   it.     The  labeled  slide   is
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inverted  over   the  epoxy  and  a  weight  placed  over   lt  until   the

epoxy  cures.     The  slides  can  be  popped  off  by  flexing  the  teflon

block.     Detailed  directions  can  be   found   ln  USGS  Open-File   Report

76-190    (Naeser,1976).

Naeser  suggested  using  coffee  can  lids.  and  microscope

slide  chip  spacers   to  make  slides  at  the  University  o£  Kansas.

This  never  worked  particularly  well  with  the  Hillqulst  epoxy  on

hand.     Though   lt  cures   ln  about  24  hours  at  room  temperature,   1t

seemed  too  viscous   to  embed   the  shards.     Heat  cured  epoxy  can  not

be  used  because   the   tracks  might  become  annealed,   and   thus

disappear,   during  curing.     In  the  end,   several   slides  were  made

by  the  author   ln  Denver   using  Dr.   Naeser's  equipment.

After  the  epoxy  has  thoroughly  cured,   the  slides  must  be

polished.     Naeser   uses   400   grit   to  expose   the   shards   and  remove

any  fission-tracks  which  may  be  present  due  to  surface  uranium

contamination,   600   grit  to  remove   the  400  grit  scratches,   and  six

micron  diamond  paste   to  polish  the  slides.

It  is  important  to  maintain  unidirectional  scratches  in

order  to  maximize   the  chance  of  removing  them  with  the  next

lower  grit  size  and  to  facllltate  dl££erentiatlng  flsslon-

tracks  from  polishing  scratches.     At  the  University  o£  Kansas,

this  was  accomplished  by  using   the   technique  described  earlier

for  preparation  of  the  standards.     Four  to  six  passes  down  the

slant  board  at  moderate  pressure  were  generally  sufficient  to
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expose  the  shards.     After  final  polishing,   the  glass  shards

should  be  highly  reflective  when  tilted  into   the   light  under  a

microscope.     The  slides  Were  cleaned   ln  a  mild  Alconox  solution

ln  an  ultrasonic  cleaner  and  thoroughly  rinsed.

Etching  techniques  -  It  is  important  that  irradiated  and  nonirra-

dlated  slides  be  etched  under   identical  conditions.     Dl££erent

etching  conditions  can  result  in  a  different  proportion  o£

£isslon-tracks  becoming  countable  on  the  slides   (see  Appendix  a).

The  ratio  of  spontaneous  to   induced  fission-tracks  should  depend

only  on  age  and  reactor   fluence.     Therefore,   a  bulldog  clip

(having  a  capacity  o£   four   slides)   was  used  to  hold  one

lrradlated  and  three  nonlrradiated  slides  back  to  back  for

simultaneous  etching.     The  ratio  of  tracks   (q%;)   should  be

calculated  only   from  slides  etched  together.

As  etching  time   is  dependent  on  glass  chemistry,   a  few

trials  must  be  run   ln  order   to  determine   the  optimum  etch

duration.     Tracks  should  be  sharp  bottomed  and  in  random

orientations.     Experihents   indicated  that  fifty  seconds  was  a

suitable  etch  duration  for  the  Desoto  ash.

A   150   ml   plastic  beaker   containing   100   ml   o£   24*  HF

prepared  as  described  earlier   for  the  standards  Was  used  to

etch   the  slides.     The   slides  Were  dipped   into   the  beaker,   and

moved  back  and   forth  gently.     After  etching,   the  slides  were

put   into  a  1000  ml  beaker  of  distilled  water  and  agitated   for
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several  minutes.     Afterwards,   the  slides  were  held  under

running  water   for   several   more  minutes   to  be   sure  all   the  acid

Was  removed.     In  order  to  be  consistent  in  the  treatment  of

samples  and  standards,   the   slides  were   then  dipped   into  a  weak

nitric  acid   (HN03)   solution  for   fifteen  seconds.     See  the

section  on  Preparation  of  Standards  for  an  explanation.

Upon  checking  the  slides  after  etching,   the  glass  surfaces

did  not  look   "right".     Many  pitted  areas  existed  and  overall

shard/track  quality  seemed   low.     Since   the  author  had  not  seen

shards  like   these  when  working   ln  Dr.   Naeser's   lab,   it  was

assumed   the  problem  Was   related   to   incomplete  pollshlng  and

that  the  irregular  surface  visible  Was  caused  by  etched

scratches.     Therefore,   the   slides  were  reground  and  etched,

being  extremely  careful  to  be  sure  all  the  etched  tracks  Were

ground  away.      As   lt   turned  out,   the  problem  Was  caused  more  by

the  small     grain  size  of  the  Desoto  ash  and  its  morphology,   as

well   as   the  microscope  equipment  available.     The  pitted  surface

Was  caused  by  the  etchant  removing  a  thin  layer  of  epoxy   from

over  a  portion  of  a  shard  and  then  etching  unpolished  glass.

The  general  hazlness  of  the  shards  ls  probably  attrlbutable  to

using  a  transmitted  light  objective  instead  of  the  reflected

light  objective  used  by  Naeser.     Portions  of  many  shards  get

lost  in  a  "glow"  caused  by  light  refracting  as   lt  passes

through  the  many  shard/epoxy  interfaces.     See   figure   22   for

examples  of  the  problem  as   seen  after  re-etching.
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Figure   22.      Fission-tracks   in   the   Desoto   ash   -Naeser's  method.

A)        PortlonoE   a   polished   slide   at   250X.        Note   the   relatively

low  proportion  of  polished  glass  at  the   surface.        The  area    of

the     central   shard  above   the   rib   (light/dark   stripe)   can  not  be

adequately   seen  to  count  because  of  refractlon     problems.        The

shard   marked   by   the   dt`row   1g   covered   by   a   thin   layer   of   epoxy,

a)     Portion  of  a  polished   slide  at   250X.      Fission-tracks  are

visible   (arrows)    ln   the   c:entral   shard,      Both   shards   ln   the

upper  right  are  uncountable  because  of  refraction  problems.

C)     Nearly  etched  out   tilted  shard     with  a   fission-track  at

630X.      From   the   top  are:      epoxy   ''wall"   (former   side   of   shard),

basal   cast  of   the   shard,   polished  glas,s,   shadowed  epoxy.

D)     Shard  at   630'X  containing   fission-tracks.  and   a   scratch.

The   linear  arrangement  and  spherical   shape  of   the  scratch  pits

(arrow)   distinguishes   them  from  the  conical   £1sslon-tracks.

All   viewed   in  plain  light.
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Counting  techniques   -  It  is
I

e`!)

jjii

Very  important  to  count  tracks  only

where  polishing  scratches  ire  visible.     Tracks   ln  other  areas

(e.9.   the  bases  of  vesicl

lying  on  the   shard  as   sur

determined  by  point  count

may  have  been  created  by  uranium

e  contamlnatlon.     Glass  area  was

.      A   1   mm2  grid   with   loo   inter-

sections  was  used  during  counting.     The  number  of  times  an

|ntersectlon  falls  on  countable  glass  was  recorded,   as  well  as

the  number  of  tracks  seen  anywhere  within  the  grid  for  each  field

of  vlev.     An  average  of  only   1*  of  the  slide   surface  contained

countable  glass,   i.e.   glass  which  was  not  shadowed  or  otherwise

not  readily  visible,   which  did  not  contain  polishing  scratches,

etc. .

Counting  was  done  as  described  earlier.     The  area  of  highest

shard  density  was  outlined,.)on  each  slide   to  minimize   time   spent

counting  essentially  pure  epoxy.     This  entire  outlined  area  Was

then  scanned.     Adjacent  E-U.grids  were  counted  across   the  entire

•area,      The  N-S  axis   was   th; n  moved  0.5  axis  location  indicators

(about  1   1/2  grids)   after  each  E-W  pass   to  prevent  recounting  of

shards .

As  these  fission-trac'ks  are  on  polished  glass  surfaces,

their  appearance   is  very  similar   to  those  oh  the  standards

(compare   figures   18  and  22).     At  least  a  thousand  tracks  should
I

be  counted  on  both  the   irradiated  and  nonlrradiated  ash  slides,
I

respectively.     Given  the  low  glass  density,   as  well  as  low

track  density   in  the  young,   fine  grained  Desoto  ash,   it  proved
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1mposslble  to  obtain  this  number  of  spontaneous  tracks.

Age  calculation  -  The  area  of  good  glass  scanned  was  calculated

by  first  determining  the  percentage  of  glass   (as  opposed  to  epoxy

or  uncountable  glass)   in  relation  to   the  total  area  scanned.     The

spontaneous  plus   induced  track  density  can  then  be  determined  for

the  irradiated  ash  and  the  spontaneous  track  density  determined

for  the  nonirradiated  ash.     These  values  were  substituted  into

•   Equation  4   to  obtain   the   age  of   the   sample:

fl  =  *® /n   / + Tafjr=IFJbL= eqn4

where   A   ls   the   time  over   which   fission-tracks  have  been  stored,1o

ls  the  decay  rate  of  uranium  due  to  ot  decay,   -1s  the  cross

section  of  uranium,   I   is   the   isotopic  ratio  o£  2'%fty,  Z  is  the

neutron  fluence,    i,1s   the  decay  rate  o£  238U  due   to  spontaneous

fission,   and    e.and   a;  are  the  spontaneous  and  induced  £1ssion-

track  densities,   respectively.     Upon  substitution  of  values   for

the   constants      (I      =     7.26   X   10-3,    ^®  =     1.54   X   10-10/yr,

i,=     6.85   X   |o-17/yr   and    a-=     582   X   |o-24  cm2)   this   equation

becomes :

fl=6"roqh[+i.5oxio"rf].          eqn5

The  neutron  fluence   is  determined  by  counting  tracks   in  the

NBS  standard  glass.     The  standard  deviation  of  any  particular
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count   is  merely   the   inverse  of   the   square  root  of   the  number  of

tracks  counted,  normalized  to  percent,   since  fission-tracks

follow   Polssonian  statistics   (Naeser,1976).      Thus   i£   250   tracks

were  counted,   the  standard  deviation  would  be  about  6.3*,   or   16

tracks.     To  calculate  the  uncertainty  of  an  age,   take  the   inverse

of  the  number  of  tracks  counted  for  both  the  soontaneous  and

induced  counts,   add   these   together  and  take   the  square  root.

Normalize  this  number  to  percent  to  obtain  the  standard  error  of

the   age.

Zircon  Fission-Track  I)ating

Zircon  phenocrysts  were  obtained  from  the  Desoto  ash  as

described   ln  the  section  on  petrography.     The   tracks  on

individual   zircon -crystals  are  counted  and  dated  instead  of  two

separate  populations,   as   for  glass   (irradiated  and  nonlrra-

diated).     The  zircon  crystals  are  embedded  in  an  PEP  teflon  disk   .

and  etched   ln  a  eutectic  mixture   o£  KOH  and  NaoH  at   210°C.      They

are  then  covered  with  a  uranium-poor  muscovite  detector  before

irradiation.     After   liradiatlon,   the  spontaneous   track  density  is

counted  in  the  zircon  crystal  and  the ,induced  track  density  is

counted  ln  the  muscovite  detector.

At  least  six  zircon  crystals  need  to  be  counted  for  an

acceptable  age   determination   (Naeser,1976).     The  age  of  each

crystal   is  determined  using  equation  5  in  the  same   fashion  as

for  glass  dates.     The   neutron   £1uence   is  determined  by  counting
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the  induced  track  density  ln  a  muscovite  detector  which

overlies  a  doslmeter  during   lrradlation.     Standard  Poissonlan

statlstlcs  can  be  used  to  analyze  the  data  because  the  two  track

densities  can  be  directly  related  i.e.   the  covariance  can  be

calculated.     Several  papers  have  been  published  recently  on

zircon  f ission-track  statistics.     The  following  present  several

different  approaches:     Green,   1981;   Galbraith,   1981;   and

Johnson  ei  aL.,1979.
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RESULTS   0F   FISSION-TRACK   DATING

Flux  Determination

The   fluences  of  the  nuclear  reactors  at  the  U.S.G.S.   in

Denver  and  at  Georgia   Tech  were  calculated  using  a  variety  of

different  techniques  and  with  four  di££erent  dosimeters.     The

Denver   lrradlation  package  contained  three  dosimeters,   including

Naeser's   NBS-SRH612   dosimeter,   a   1/2   X   1/41nch   (13   X   6   mm)   chip

o£  Cornlng  CN-1  dosimeter   and  a  similar  chip  o£  Boellstorf£'s

dosimeter.     The  Georgia  irradiation  package  contained  a  total  of

four  chips  each  of   the   Coming  and  Boellstor££  doslmeters  and   two

wafers  o£  NBS-SRH962a  dosimeter.      The  results  are   listed   in  table

7  and  will   be   refered   to  below  by  line  number.

The  Denver   samples  were   irradiated   for   35  minutes   in  the

outer  ring  of   the   Lazy  Susan  at  a  reactor  power  o£   200   Kw.

The  total  neutron  fluence  was  calculated  by  Naeser  to  be

6.96  X   10]°±   .02   n/cm2.      The   external   detector  method  was   used

along  with  NBS-SRM61,2   dosimeter   (which  had  been  calibrated   with

copper   foil).     A  total   o£  2292  tracks  were  counted  in  the

muscovite  detector   for   the  determination  by  Naeser.

The   fluence  calculated  by  Naeser  Was  used  along  vlth  the

£1sslon-track  density   (  eo)   calculated   for   the  Coming  dosimeter

irradiated  ln  Denver   (sample  CN-1-N)   in  order  to  calculate  a  a

factor   (see   Neutron  Fluence   Determination  or   Appendix  C)   o£
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line  I     Standard

I                     RT-3

2                     RT-4

3         NBS-SRH   962a

4                      CN-1

5                     CN-1

6       Boellstor££

7       Boellstor££

8       Boellstorf f

9       Boellstorf £

sample       location

number       irradiated

RT-3                   NBS

RT-4                  NBS

NBS-GI           Georgia

CN-1-GI        Georgia

CN-l -N           Denver

BN                Denver

BGI                Georgia

BGI                Georgia

BG2                Ceorg la

tracks      area  counted

counted     (X|o-2   cm2)

1208                          1.037

1394                         I.382

1429                         1.037

4028                         1.037

3251                         0.6912

380                        5.60

983                         11.52

983                         11.52

957                         11.52

track  density               fluence                vay   £1uence

(xio5   t/cm2)           (x|ot4   n/cm2)          calculated

i.165                                     4.37

I.008                                    3.87

i.378                                   5.17
5,29

3.885                                    5.75

4.703                                    6.96

.0660                                       7.45

.0853                                    9.64

.0853                                     9.00

.0831                                      9.39

Table   7.      Results  of   the   neutron   fluence   determinations   for   the
Georgia   and  Denver   nuclear   reactors   using  a  variety  of  di££erent
doslmeters  and   tecl`niques.      See   text   for   an  explanation  of  each  of
these  calculatlans.

Cu   [oll

Cu   foll

ratio   vlth   F!T-3
ratio  with  RT-4

a   factor  calculated
from  CNfl-N

C.   I.   Naeser   using
NBS   612   and   Cu   foll

Boe I 1 s tor i I ' s
equation

„

8   factor   from  BN

B's   eqn,   5  sec  etch



6.76  X  10-10   tracks/n.      This  a   factor  was  used  to  determine   the

neutron  fluence  of   the  Georgia  Tech  reactor  using  dosimeter

CN-1-Gl  and  its  fission-track  density.     For  the  dosimeter  used  by

Boellstor££  and   lrradlated   ln  Denver   (BN),   a  8   factor  o£

9.48  X   10-12   tracks/n  was  determined.      This  a   factor  was  used

together  vlth  dosimeter  BGl   to  determine   the   fluence  of  the

reactor  at  Georgia  Tech.

For   the  Georgia  reactor,   a  reactor  power  o£  250  Kw  results

|n  a  flux  of  about   1.4  X   1011  n/cm2/sec     (Kirkland,   pers.   com„

1984).      To   obtain  a   total   neutron   £1uence   o£   6.72   X   1014   n/cm2   an

|rradlation  time  of  eighty  minutes   should  be  used.     The  actual

f|uence  Was  calculated  using  each  of  the   three  standards  and  a

variety  of  methods.     These   fell   into   tva  groups,   one  above  and

the  other  below   the   requested   £1uence   value.

The  NBS  sends   two  pre-1rradlated  wafers  with  each  order   for

do§imeters.      These   two  wafers  have  been  lrradlated   in  dl££erent

reactor  positions   (RT-3  and  RT-4)   and   £1uence   levels  by  NBS.      The

f|uence   for   the  Georgia  Tech  reactor  was  obtained  by  comparing

counted  fission-track  densities  for  each  of  these  respective

dosimeters   and   NBS-SRH962a   (NBS-G1).      The   resultant   fluence

determinatlons  are  the  same  vithln  the  uncertainty  limits  and  ls

about  5.2  X   10]4   n/cm2   (line   3).      When  using  the   a   factor

calculated   from  dosimeter  CN-1-N  and   £1sslon-track  counts   from

dosimeter   CN-1-G1    (line   4),   a   value   o£   5.75   X   1014   n/cm2   was

obtained.     Though  similar,   these  values  are  statistically
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d|fferent  and  both  are  considerably  less   than  the  calculated

f|uence  value.     As  the  NBS  pre-irradiated  dosimeters  were

calibrated  with  copper,   these  other  values  are  also  considered  to

be  copper  calibrated.      The  copper  calibration  values  were  chosen

over   the  gold  values   also  reported  by  NBS  because  copper   values

are  in  standard  usage.      The  gold  values  Would  yield  higher

f|uence  determinations.

The  other  group  of  fluence  values  for  the  Georgia  Tech

reactor  was  obtained  using  Boellstor££'s   standards   BGl  and  BG2.

A  value  o£   9.39   X   1014   n/cm2   was   calculated   for   doslmeter   BG2

using  Equation  1  and  the   five-second  etch  for  which  this  equation

was   intended   (line   9).      Using   dosimeter   BGl   and   the   same

equation,   but  with  the  thirty  second  etch  used  for  the  other

dosimeters,   resulted   in  a   fluence   value   o£   9.64   X   |oL4   n/cm2

(line  7).     A  higher  value   ls  expected  since  the   five  second  etch

|s  not  long  enough  to  develop  all   the   tracks,   as  explained  above.

A  third  determination  Was  made  by  calculating  a  8  factor   from

dosimeter   BN  and  Naeser's   fluence  deteminatlon   (which   is  copper

calibrated)   and  dosimeter   BG1   (line   8).      Dosimeters  BGl   and  BN

were  etched   simultaneously,   and  a   value   o£  9.0o   X   |oL4   n/cm2   was

obtained.     This  value   ls  similar  to  the  values  obtained  using

Equation   1   (lines   7  and   9).      Dosimeter   BN  yielded  a   fluence   o£

7.45  X   1014  n/cm2   for   the  Denver  reactor  using  Equation  1   (line

6),   higher   than   the   value   o£   6.96   X   lot4   n/cm2  obtained  by  Naeser

using  NBS-SRH612   (copper  calibrated)   for   the  Denver  reactor.
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However,   as   stated  above,   this   ls  expected   to   some   degree  because

BN  was  etched   for   longer   than  proper   for  use  with  Equation  1.

Boellstor££   (1980)   found   that   the   uranium  calibrated

standards  consistently  yielded  fluence  values  about  1.5  times

greater   than  fluence  values  calculated   from  NBS  doslmeters  and

co.oper  calibration.     When  his  dosimeter   is  used  with  the  longer

etch   (not  proper   for   Equation  1),   the  value  obtained   ls  about   1.1

times  greater   than  that  determined  by  Naeser.     This  would  seem  to

indicate  that  the  higher   fluence  values  obtained  using

Boellstorff 's  dosimeters  were  at  least  partially  a  result  of

uranium  calibration.      However,   when  a  a   factor  calculated   from  a   `

copper-calibrated   £1uence  determination  was  used  to  obtain  a

f|uence   for   the  Georgia  reactor,   a  high  uranium-like  value

resulted   (line   8).      Thus,   it   is  not  known  why  these   values   are   so

much  higher   than  those  determined  using   the  other  dosLmeters  or

the  calculated  fluence  level.

Glass  Fission-Track   Age

It  was  determined  from  petrographic,   chemical,   and  paleo-

nagnetlc  data   that  the  Desoto  ash   is   the  Lava  Creek  8  Ash   from

Yellowstone.     Therefore,   the  age  determination  was  more  a

verification  of   identification  than  anything  else.     The  age  as

determined  by  Boellstorff 's  method  will   be  discussed,   followed  by

that  obtained  using  Naeser's  method   for  both  glass  and  zircon

ages.     Counting  data  are  listed  ln  table  8  and  the  calculated
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*ctd

Sample   Track  Counting  Data

spontaneous     tracks
area

(X|o-2cm2)      (x€i:3)

Borchers              214              7.20+                    2.97

GD 3.69+

a.041
0.006
0 , 015
0.019

*
induced  tracks

Sctd           area                   e^

(X|o-2cm2)            (xio3)

2101               2,880                  72,95

1467                1.843                  79.59

201                0.021                   94.8

*  induced  plus  spontaneous  data,   spontaneous  not  ye.t  subtracted

+    areas  shown  twice  that  scanned  since  tracks  on  both  sides  of  the
shards  are  revealed  and  counted,   thus  true  glass  areas  recorded.

Both  the  Borchers  ash  and  GI)  samples  of  the  Desoto  ash  vere
|rradlated   ln  Georgia  and  counted   followlng  Boellstor££'s  methodology.
GA  ls  the'  sample  o£  Desoto  ash   lrradlated  ln  Denver  and  counted
follotJlng  Naeser's  methodology.      The  numbered  subsets   shown   for   the
spontaneous  tracks  are  the  data  derived  from  each  of  the  three
|ndlvldual  polished  slides  counted.     The  totals  are  recorded  ln  the
full  CA  line.      (I  ctd  =  number  o£  £1sslon-tracks  counted.)
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ages  are   summarized   in   table   9.

As  stated  earlier,   the  Borchers  ash  was  dated  along  with  the

Desoto  ash   ln  order   to  determine   the   "goodness"  of   the   £1uence

determination.      One   hundred   areas   o£   1.44   X   10-4   cm2   each   were

counted  on  the   irradiated  shards  and  250  areas  were  counted  on

the  nan-irradiated  shards.     The   fluence  used  was  the  average  of

the  two  uranium-calibrated  determinations,   or   9.52  X   |o[4   n/cm2.

This  value  gave  an  age  of   2.49  my   for   the  ~ 2  my  old  Borchers  ash.

obviously,   this  value   is   too  high.     Using   the   fluence  obtained  by

averaging  the  louer  co.Dper  calibrated  NBS  and  Coming  deter-

n|natlons   (5.40   X   1014   n/cm2   (lines   3-4,   table   7))   gave  an  age   of

I.42  my.     This   is   too   young,   though  Naeser   states   that  all   labs

except  Boellstorf£'s  get  glass   fission-track  dates  of  between  1.3

and   1.5   in.y.    for   the   Borchers   ash.    (pers.   comm.,1986).

As  the  author  did  not  need  a  particularly  precise  age  ln

order  to  verify  the   ldentlty  of  the  Desoto  ash  as  the  Lava  Creek

a  Ash,   the   £1uence  values  given  above  were  averaged  to  obtain  a

value  o£  7.5   X  1014  n/cm2.      Though  this   ls  not  an  acceptable

technique,   this   £1uence   value   gave   a  date  o£   1.96   my!      When  the

high  uranium-calibrated  fluence   (average  o£  lines  7  and  9,   table

7)  and  the  value   for    A, (8.46  X   10-17   /yr)   suggested  by  Thlel   and

Herr   (1976)   for  uranium-calibrated  dosimetry  are  used,   an

acceptable  age  of   2.11  my   ls   obtained.

In  order   to  calculate  an  age   for   the  Desoto  ash,   100  areas
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Flsslon-track  ages  of  the  Desoto  ash

sample                   <4.                       `^                  £luence

name            (X|o3t/cm2)    (x|o3t/cm2)    (xiol4n/cm2)

Borchers              2.972                 69.98                   9.52                 2.49      .7
5,40                   1.42       .4
7.5                     1,96       .6
9.52                   2.11       .6

9.52                   1.02       .3
5,40                  0.58       .2
7.5                     0.80       .2
9.52                  0.82       .2

method

B's   fluence
N's   £1uence
average

B's   fluence
N's   fluence
average

=

6.96
„
„
„

Table  9.     The  Borchers  ash  ls  the   lntralaboratory  standard  used  by
Boellstor££  and  proposed  by  him  as  an  lnterlaboratory  standard   (see
text).     His  accepted  age   for   this  ash   ls   1.96  my.     GD   ls   the  sample  of
the  Oesoto  ash  dated   followlng  Boellstor££'s  methodology.      Each  of
these  uas  dated  using  several  choices  for  the  fluence  determlnatlon.
These  are:   Boellstor££'s  nlcroscope  slide  and  Equation  1;   the  value
derived  by  averaging  the  NBS  and  Cornlng  standards;   using  Naeser's
fluence  determination  techniques;   the  value  derived  by  averaging  the
above  two  numbers;   and  a  calculation  using  Boellstorf£'s   fluence,   but
the  decay  rate  calculated  using  uranlun  calibrated  standards.     GA  ls
the  sample  o£  Desoto  ash  dated   follovlng  »aeser's  methodology.      The
nuhoered  subsets  are  the  data  deternlned  for  each   individual   slide
counted,   the  numbers  listed  beside   ''GA.  are  the  totals  of  these  three
slides.     See  the  text  for  a   further  explanation  of  these  different
methodologleg .
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o£  9.22  X   10-5  cm2   were  counted  on  the   irradiated   shards   and   200

similar  areas  were  counted  on  the  nan-irradiated  shards.     Using

the  average   7.5   x   10]4   n/cm2   £1uence   value  gave   a  date   o£

1.02±  .15   my.      (As   only   one   age   determination  was   made,

uncertainties  are  given  using   the  standard  15*  uncertainty

ascribed  to   fluence  determinations   (Fleischer  and  Price,   1964;

and  Boellstor££,1973).)     Even  using   Just  physical   character-

|stlcs,  chemistry,   and  magnetic  polarity  for  correlation,   the

Desoto  ash  can  only  be   the   Lava  Creek  a  Ash.      This  date  does  not

allow  for  this  identification.     When  recalculated  using  the

£1uence  determined   from  copper  calibrated  dosimeters

(5,40   n/cm2),   an  age   of   0.58±  .09   my   was   obtained.      This   ls   quite

close   to   the   accepted   age   o£   0.62  my   for   the   Lava,  Creek  8  Ash.      A

third  recalculation,   using  the  higher  value  for  the   fluence  and

the  Thiel   and   Herr   ^r   value   yields   an  age   o£   0.82  ±  .12   my.

Though  still  high,   this  date  ls ~23$  lower  than  the  age  obtained

using   the   American  standard   value  o£   6.85   X   10-17   /yr   for   2,  and

the   same   fluence   value   (1.02  ±  .15   in.y. ).

This  23*  di££er'ence  seems  particularly  significant.     Thiel

and  Herr   (1976)   stated  a  20*  di££erence   ln  experimental  para-

meters   (age,   doslmetry,   etc.)   would   result   |£   the   6.85   X   |O-17/yr

value   for  decay  rate   were   used   instead  o£  8.46   X   10-17/yr.

Naeser  ei al.   (1973)   stated  that  Boellstor££'s  ages  tend  to  be  20

to  25*   too  high   in  comparison  to  K-Ar  ages  and  zircon   fission-

track  ages.     Similar  results  have  been  obtained  by  other  workers
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(Seward,1979),      This   value   of  about   20S  was  again  cited  by

Naeser   (pers.   comm.;   1985)   as   the  extent   to   which  most  Cenozoic

ash  ls  annealed.

Feldspar  glass   (rhyolltic)   anneals  at  a  lower  temperature  ln

annealing  experiments   (see   figure   23)   than  other  materials  which

are  regularly  dated,   especially  zircon.     Hydration  of  glass

increases   the  ease  with  which  annealing  occurs   (Lakatos  and

Hlller,1972).     Naeser  ei  a|.    (1980)   found  that  over  90&  of  the

volcanic  ash  samples   they  dated  had  glass   fission-track  ages

younger   than  those  of  coexisting  zircon  phenocrysts.     The  results

of  this  experiment  are   shown   in   £Lgure   24  and  most  of   these  glass

dates  are  about   20$  lower   than  the  zircon  dates.     When

Boellstorff  performed  a  slmllar  experiment,   his  glass  dates  Were

nearly  the  same  as   the  zircon  dates   (see   figure   25).      Seward

(1980)   and   Boellstor££  and  Alexander   (1980)   both  attribute   this

to  Boellstor££'s  use  of  a  different  dosimeter   (uranium

calibrated).     Seward,   however,   challenges  Boellstor££'s  ability

to  directly  compare  ages  obtained  using  di££erent  dosimeters,

stating  that  Boellstor££'s  higher   fluence  was   "spuriously

correcting"  his  glass  dates   (1980).     This,   and  the   following

discussion  on  age  correction  ls  presented  only  to  show  that

disagreements  exist  on  proper  procedure  for  £1ssion-track  dating

among  experts   in  the   field.     Some  of  these   issues  are  discussed

further   ln  Ap.oendix  C.     A  thorough  conslderatlon<of  annealing  and

fluence  determination   is  beyond  the   scope  of  this   work.
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Figure   23.      Annealing   temperatures   for   materials   commonly   dated

by     the      f issio-n-track     method.           Most     volcanic     ash     sriards,

including     those     of     trie   Desoto     ash,     are     feldspar     glasses.

Microscope   slide   glass   ls   soda~llme   glass,      while   tektites     are

meteoritic     glass.        Note     that     the  etchant     used     can    affect

annealing   seen.        Feldspar   glass   anneals   at  a   lower   tempera:are

than     any     other   material   which   is   commonly     dated.         Hydration

lowers   this   temperature`£urtber.         Apatite   is   the   only     r`.`irieral

for   which  data  have   been  gathered   by   ttic]   independent   labs,      the

reasori   for   its  double   listing.
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Figure   24.        Comparison  of  glass   and   zircon   fission-track     ages

as   per  Naeser.      The   fission-track  dates  obtained  by

Drs.   Charles   Naeser   and  Glen   Izett  on  h.ydrated   glass   shards   are

generally     about   20*  lower   than  dates  obtained  on     co-occurring

zircon  phenocrysts.
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Figure     25.        Comparison     of  glass   fission-track   ages     and     ages

determined     by     other   me+,hrjds   as   pet.      Boellstor££,         Boellstor£€

obtains     ages      for   glass   stiards   which   are     c:omparablc-      to     those

obtained   by   other   workers   I.ising   a   variety   of   met}.lads.      Note   that,

the       older       glass       dates     obtained     by     Izett,       and       Naeser,

respectively,    fall   below   the   equal   age   lii`ie,   a.s   in   flgure   2¢.

(F19ure   obtained   from  ,J,   0.   Boellgtorf£,   unpubllsrled.)
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In  1969,   Storzer   and  Wagner  developed  a  method  by  which  to

correct  annealed   £1ssion-track  ages.     They  derived  a  curve  which

correlated  the  ratio  of  the  diameter  of  laboratory  annealed

etched  tracks  to   the  diameter  of  the  original  etched  tracks  and

track  density.     Thus  the  proper,   unannealed  track  density  can  be

determined.     In  practice,   the  diameters  of  the  spontaneous  and

induced  tracks  are  compared   (Seward,1979).     However,   Boellstorff

(1975)   has   found   that  spontaneous  and   induced  track  diameters   for

Cenozolc  ashes   ln  general   seem  to  vary  by  about   15*,     His   feeling

(1984,   pers.   comm.)   is   that  the  di££erence   in  activation  energy

for  the  formatlon  of  spontaneous  and  induced  tracks,   respec-

tively,   may  be   the  cause   for  up   to   15*  of  this  size  dl£ference.

Boellstor££  further  states  that  the  correction  Storzer  and  Wagner

would  ascribe   to   this   15S  dif ference  would  result   in  his  ages

being   20*  higher   than  accepted  dates.     Naeser,   (1986,   pers.

comm. )   responds   that   if  activation  energy  were   the  cause,   one

should  not  be  able  to   find  examples  t7here  the  sizes  of

spontaneous  and   induced  tracks  are   the  same,   and  he  does.     It  ls

obvious  that  the  entire  I ield  of  dosimetry  and  glass  fission-

track  dating  needs  to  be  carefully  analyzed  and  reappraised  as  to

accuracy  and  correct  procedure.

The  Desoto  ash   ls  so   fine  9ralned  that  very  little  glass  Was

countable  on  the  polished  slides  made   for  Naeser's  procedure.     A

total   o£  229  grids   (1  mm2)   was  counted  on  the   irradiated  glass

slide.     An  average  of  only   1.61*  of  this  area  contained  polished
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glass  exposed  at  the  surface.     A  total  of  201  tracks  was  counted

on  this   lrradlated  slide.     On  the  three  nan-irradiated  slides,

688  grids  yielded  only  eight  spontaneous  tracks.     Though  the  data

base   ls  quite   small,   the  date  obtained   (0.90±  .32  my)   1s  adequate

to   include   the  accepted  age   for   the  Lava  Creek  8  Ash.     The

uncertainty  was  calculated  using  Poissanian  statistics  as

discussed  in  the  section  ''Naeser's  method  -Age  calculation"

above.     The   £1uence  used   ln   the  calculations  was   that  obtained  by

Naeser   from  his  NBS-SRH612  dosimeter,   which   ls  copper  calibrated.

Zircon  Fission-Track  Age

It  was  decided  to   try  and  date  zlrcons   from  the  ash  because

glass  anneals  readily.     Unfortunately,   few  zlrcons   were  actually

obtained   from  the  ash   for  reasons  detailed   in  Appendix  D.     Of

these   few  zircons,   about  half   fell   out  of  the  PEP   teflon  disk

during  etching.     When  cleaving  the  muscovite  detector,   a

perfectly  smooth  cleavage   flake  Was  never  obtained.     Naeser  and

the  author  decided  to  give   it  a  try  anyway.

No  date   was  ultimately  derived   for  several   reasons.     A  lack

of  good  zircons  was  primary,   however.     Dating  of  the  one  or  two

useable  zircons   (those  with  no  blemishes  such  as  crystallltes,

and  for  which  a  good  image  existed  in  the  muscovite  detector)   was

not  attempted  because  of  problems  with  counts   ln  the  Fish  Canyon

zircon  standard.     The  date  obtained   for  the  standard  o£  49.4  my

is  about   twice   the   proper  age   of   27.2  my.     Though   the   detector
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image   was  not  of  high  quality,   it   is  not  known  why   the  age   was  so

far  o££.     For   these   reasons,   the  zircons  were  not  dated.



CONCLUSIONS

The   fission-track  dating  methods  o£  Boellstorff  and  Naeser

vary  considerably  in  detail.     These  differences  can  be  relegated

to   two  main  areas,   flux  determination  and  sample  preparation.

Many  of  the   factors   involved   in  choosing  which  particular

procedures   to   follow  have  been  stated  earlier   in  the   text  or  can

be   found   in  Appendices  a  and  C.     This   section  is  concerned

primarily  with  summarizing  some  of   these   factors  and  pointing  out

areas   where   more   work   is   needed.

There  are   many  problems   relating   to  reactor  dosimetry.      The

choice  of  which  dosimeter   to  use   is   intertwined  with  consid-

erations  such  as  which  decay  rate  to  use  and  what  facllltles  are

available   to   the  worker.     The  use  of  a  standard  equation   (as

opposed  to  comparing   track  densltles)   t6  calculate  reactor

fluence  ls  probably  not  accurate.     There  are  too  many  variables

lnvolvlng  dl££erences   ln  etching  and  counting  crlterla   for  one

equation  to  Work  reliably   for  dl££erent  Workers.     Thus,   a

doslmeter,   for  which  a  duplicate   irradiated  under  known

condltlons   ls  available,   must  usually  be  chosen.     In  the  United

States,   this  generally  means   the  National   Bureau  o£  Standards

doslmeters  at  present.     The  details  of  doslmetry  and  the

di££erent  values  obtained  using  various  callbratlon  techniques

needs   to  be   worked  on.      Boellstor££   (1980)   suggested   the  creation

of  a  uranium-calibrated  standard  having  an  irradiated/non-
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1rradlated  pair   ln  addition  to  the  creation  of  some  agreed  on

lnterlaboratory  dating   standard.      Naeser,    (1986,   pers.   comm.)

stated  that   the    i   factor   (see  Appendix  a),   which  eliminates

separate  determlnatlons  of  neutron   fluence  and   flssion  decay

rate,   will  probably  become  standard  in  fission-track  dating  in

the   future.

The  choice  of  sample  preparation  before  counting  is  strongly

related  to   the  size,   shard  shape,   and  age  of  the  ash  to  be  dated.

It  ls  easier  to  see  the  tracks  on  polished  glass  surfaces,   and  to

control   the  etching  conditions  of  slides   than  of  bulk  ash.

However,   unless   the  ash  has  plenty  of  large,   flat  shards,   very

little  glass  will  actually  be  countable  using  the  polished  slide

method.     For  young  ashes,   the  worker  must  be  prepared  to  either

spend  a  very   long   time  counting,   or  base   the  dates  on  only  a   few

tracks.     It  takes  less  time  to  count  more  tracks  using  the  bulk

etch   tecnnlque.      Though   track   ldenti£1catlon  can  be  more

dl££1cult,   this  technique  can  yield  general  dates  with  far  less

time  and  e££ort  than   it  takes  to  polish  and  count  the   large

number  of  slides  required  for  precise  dates.     This  is

particularly  true   1£  an  lnterlaboratory  standard  ls  used.     It  is

reasonable  to  assume  that  if  the  track  identification  criteria

and  etching   techniques  of  the  worker   were  adequate   to  obtain  a

correct  date   for   the   standard,   the  date  on  the  unknown  ls

probably  also  correct.
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The  author   feels   that  bypassing  problems  of   £1uence

determination  and   fission  decay  rate  by  use  of  a   ¥   factor   is  a

good  procedure.      This   should  be  augmented  by   the  development  of

an  interlaboratory  glass   i ission-track  age  standard  so  that  the

ages  obtained  by  different  Workers  can  be  Compared.      Which

counting   technique   to  use  depends   to   some  extent  on  the  goals  of

the  research  and  the  size  and  morphology  of  the  ash  to  be  dated.

If  highly  precise  dates  are  necessary,   use  of  polished  slides

will  probably  yield  more  accurate  results.     However,   as  stated

above,   to  obtain  general  ages  of  young  and/or   fine  9ralned  ashes,

the  bulk  etch   technique   should  result   in  adequaLte  dates   with   far

less  e££ort  expended.      Perhaps   the  bulk  etch   technique  should  be

routinely  used  to  check  the  feaslbillty  of  dating  a  particular

ash  sample  by  either   technique.



APPENDIX   a

Theory  of  Fission-Track  Dating

Review  of  nuclear   physics

The  basis  of  any  isotopic  dating  technique  lies   in  the

inherent   lnstabillty  of  a  naturally  occurring  element  and  the

predictable  rate  at  which  an  unstable  element  will  break  down

into  a  stable  element.     Nuclear  binding  energy  within  the  nucleus

of  an  element   ls  maximized  when  the  number  of  protons   (atomic

number   =  Z)   is   approximately  equal   to   the   number   of   neutrons

(neutron  number   =  N);   thus,   these  elements  are  most   stable.     As

the   mass   number   (A   =  Z+N)   increases,   the   ratio   o£   N   to-Z  actually

increases  substantially  from  1:1.     This  results   from  the

repulsive   forces  between  protons  becoming  stronger   than  the

nuclear  binding  forces  as  more  protons  are  added  to   the  nucleus

(see   £19ure   26).

Atoms  Which  have   the   same   number  of  protons   (and   thus  are

the  same  element),   but  different  numbers  of  neutrons  are  called

isotopes.     There  are  relatively  few  naturally  occurring

radioactive   isotopes.      Though  all  elements  with  more   than  83

protons  are  radioactive,   all  those  which  are  naturally  occurring

are   the  result  of   the  decay  o£  238U,   235u,   or   232Th.      These   three

long-lived  radioactive   lsotopes  occur  because   "they  have  not  yet

completely  decayed   since   the   time  of  synthesis  of  the
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Figure   26.         Plot   of   atomic   number   versus   I.eutron   number.      When

the     stable     nuclei   are  plotted  with  atomic  number      (Z)     versus

neur,ron     number      (N),      there      is  an   increase   in   the     number     of

neutrons  relative   to   the  number  of  protons,



50       60        70      80        90      loo     Ilo     120    130
JV

From     Frlodland®r    ®t'   al.,:    1981



elements..."    (Faure,1977).      Others   (e.9.    £4C,    [°Be,    j2Si,   etc.)

are  continuously  being  created  by  various  natural  nuclear

reactions.     Recently   the   introduction  of  man-made  nuclear   fallout

has  increased  the  number  of  radioactive  isotopes  present  in  the

e nv i r o nine n t .

Radioactive  decay

There  are   five  modes  by  which   lsotopes  decay.      These  are

named  by   the  primary   type  of  nuclear  particle  which   is

transferred  to  or   from  the  nucleus  during  the  decay  process.

The   I irst  of   these,   alpha  decay,   occurs  primarily   in  atoms

having  a  Z  of  at  least  58.     An  alpha  particle  consl3tlng  of  two

protons  and   two   neutrons   (a  He  nucleus)   is  emitted   from  the

nucleus  of  the  parent.     Thus  Z   for  the  daughter  isotope  will

decrease  by   two  and  N  will   also  decrease  by  two.      If  the  daughter

is  left  ln  an  excited  state,   the  excess  energy  will  be  emitted  as

gamma   rays.

•There  are  two  types  of  beta  decay,   negatron  and  positron

decay.     In  negatron  decay,   an  electron   (negatron)   is  expelled  as

a  neutron  is  transformed  into  a  proton.     This   type  of  decay

causes  Z   to   increase  by  one  and  N  to  decrease  by  one.      In

positron  decay,   a  proton  ls  transformed  into  a  neutron,   a

positron   (posltlve  analog  of  an  electron),   and  a  neutrlno.

Therefore,   Z  will   decrease   by  one  and  N   increase  by  one.     The
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mass   number   remains   unchanged   in  either  case.      Gamma   rays  are

emitted  in  both  types  of  beta  decay  1£  the  daughter   isotope   is

left   in  an  excited  state.

In  electron  capture,   a   fourth  decay  mode,   the  nucleus

captures  an  extranuclear   (shell)   electron  which  results   in  a

decrease  of  Z  by  one  as  a  proton  is  transformed  into  a  neutron.

Excess  energy  will   be   emitted   in  the   form  o£'a  neutrino.      If   the

daughter   is  left  in  an  excited  state,   gamma  rays  will  be  emitted.

X-rays  are  emitted  as   the  shell  electrons  refill. vacancies  left

by  the  capture  process.

The   £1£th   type  of  radioactive  decay  is  spontaneous   fission.

In  atoms   with  a  mass   number   of  greater   than  approximately   100,

electrostatlc  repulsion  ls  greater  than  the  forces  holding  the

nucleus   together   (Faure,1977).      The   nucleus   may   then

spontaneously  divide   into  two  highly  charged  daughter  nuclei

which  are  unequal   ln  size   (Frledlander  fi  a|.,1981).     In

addition  to  the  two  nuclear  particles,   alpha  particles,  neutrons,

various   light   fragments,   and  a  large  quantity  of  energy  are

released.     Fission  can  be  naturally  induced  if  enough  particles

strike  susceptible   235u  or   232Th  nuclei.

History  o£  fission-track  dating

Nuclear   £1ssion  was   discovered  by  Hahn  and  Strassman   ln

1938   (Faure,1977).      As   two   charged   nuclei   resulting   from   fission
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travel   through  a  substance,   they  create  a  damage  zone  or   fission-

track.      In   1959,   Silk  and  Barnes   took   the   £1rst  direct

photographs  of  fission-tracks   (Fleischer  gi  a|.,1975).     However,

the  process  of  viewing   these   tracks  with  an  electron  microscope

caused  the  tracks  to  anneal   and  thus  disappear,     Therefore,   it

was  not  until     Flelscher,   Price  and  Walker  discovered   that   the

tracks  could  be  etched,   and  hence  made  larger  and  more  permanent,

that  £1sslon-track  dating  became   feasible   (Flelscher  ei  al.,

1975).     During  1964   the   first   fission-track  ages  were  published.

Fission-tracks  have  since  been  used   for  dating  a  variety  of

minerals  and  glasses  covering  a  wide  range  of  geologic  time.

Thus,   fission-track  dating  has  a  wide  applicability   in

9eochronology  and  archaeology.

In  the  discussion  which   follows,   the  processes  of  track

formation  and  etching  will   be   discussed   first.     Following  will   be

a  discussion  of   the  age  equation  and  several   of   the  problems

associated  with  its  use.

Basis  o£   fission-track,  dating

Fission-track  dating  involves  the  counting  of  tracks  created

by  the   spontaneous   flssion  of   238U  within  a  substance.     As   this

ls   the  only  naturally  occurring   isotope  which  is  known  to   form

spontaneous  fisslon-tracks   in  significant  quantities,   1t  ls

necessary  only   to   measure   the   amount  o£   238U  present  and   the

fission-track  density  to  obtain  an  age  onc.e  the  rate  at  which
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these   tracks  accumulate   is   known   (about   10-]6  per   year   (Fleischer

gi  a|.,1975)).     This  age  represents  the   time  elapsed  since  the

material   became  capable  of  retaining   tracks,   i.e.   since   it  cooled

from  an  originally  higher   temperature.     Examples  of  materials

which  can  be  dated   include  volcanic  glass  and  phenocrysts   (zlrcon

and  apatite),   metamorphic  events   (apatite,   zircon,   and  sphene),

heat   treatment  of  lithic  artifacts   (obsidian),   and   firing  dates

of  some   types  of  pottery   (glaze  and  zircons  within  the   temper).

Fission-tracks  are   formed  by   the   interaction  of  the  nuclei

resulting   from  fission  with  the  constituent  atoms  of  the  host

material.      When   fission  occurs,   the   two   fission   fragments   travel

away   from  each  other   ln  opposite  directions   (see   £1gure   27).

These  nuclei  are  stripped  of  most  of  their  electrons  and  as   they

move   through   the  host   they  pick  up  electrons   from  other  atoms

(Flelscher  gi  a|.,1975)   and  are   thus   lonlzed.     The  passage  of

these  highly  ionized  particles  causes  electrostatlc  imbalances

within  the  host   lattice.     Electrons   from  a.tons  along   the  path  of

the  fission  fragments  are  loosened  and  ejected,   creating  a  zone

of  positive-charge.      These   ionized  atoms   then  move   apart  by

electrostatic  repulsion,   forming  a  track.     The  track  area  is  very

porous   and  may  even  be   a   fine   channel   (Price   and   Walker,1962).

Because  of  their  small   size,   fission-tracks  can  be  seen  ln

their  natural   state  only  with   the  magnl£lcations  available  on  an

electron  nlcroscope.     In  the  process  of  vlewlng  them,   however,

the  tracks  anneal,   and  thus  disappear   (electrons   from  the
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Figure     27.        Formation     o£   £isslon-tracks,        A)        Creation     of

ionized     zone     within     a   lattice  by   the  passage   of     ari     ionized

fission     fragment.        8)        Disruption  of   tlle   lattice     caused     by

mutual     repulsion  of   the   ionized   atoms   (solid     circles)      within

the     lattice.        C)        Final   form  of  a   fission-track.        The     area

containing     a     low  density  of  atoms  will   etch   faster     ar,d     t.hue

form    countable   tracks   in  a  material   upon  magnification    of     at

least   500X.
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microscope  beam  are   furnished  to  the  affected  atoms  along  the

track,     allowing   them  to  move  back  to   their  previous   locations).

In  order  to  prepare  a  material   for  I ission-track  dating,   the

tracks  must  be   made   larger  and  more   permanent.      This   is  done  by

etching.     The  strained  area  of  the  material  will  dissolve  faster

in  an  etchant   than  will   the  undamaged  portion.     The  original

channel  width  ls  typically  on  the  order  o£  25  angstroms,   though

the  elastic-strain  field   (see   flgure  27)   increases  this  width  to

about   100   angstroms;   channel   length   is  usually   20   to   30   microns

(Price   and   Walker,1962).

Whether  a  track  is  revealed  by  etching  is  dependent  upon  its

geometry   (see   figure   28).      If   the  angle  at  which   the   track

intersects  the  surface  of  the  material   is  too  shallow,   the  track

will   be  erased   instead  of  enhanced  as  etching  proceeds.

Therefore,   a  fission-track  must  intersect  the  surface  of  the

material  at  an  angle  greater  than  a  specific  critical  angle  in

order  for  preferential  etching  of  the  track  to  take  place.     The

measure  of  this  angle  depends  upon  the  characteristics  of  the

material  and  the  etchant  used,   the  energy  of  the  fission

fragment,   and  the   thermal   history  of  the  naterlal.     After

etching,   tracks  can  be  viewed  through  an  optical   microscope  `at  a

magnl£1cation  o£   =  500X.

As  mentioned  above,   the   thermal   history  of  a  material  has  an

effect  upon  whether  or   not  a   track  will   be  revealed  by  etching.
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Figure     28.        Fission-track   etching  geometi.y.        In  order   for     a

track   to   be   re`/ealed,   the.   inclination  of   the   track   ( a  )   must.   be

greater   than  half   the   angle   formed  by  a   vertical   et.ct\.     pit,      ie

the     critical     angle   (¢).        Otherwise,      theetchrate     ir`.     :he

undamaged     glass      {VG)   will   be   su££icient   to   remove   the     track.

The     increased     rate     of  etchingalong   a     trac:k      (VT)      is     ..that

permits   any   tracks   to   be   revealed.      A)      Vertical   etch  plc.

8)     Fission-track   to   shallow   to  be  revealed.      C)     Fission-track

at  the  critical  angle.
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Adapted    from    Flol9chor    and    Hart.1972



Generally,   as   temperature  rises,   atoms  move  more  quickly  within  a

lattice.      When  atoms   move  back   into   lattice  positions   which  were

vacated  as  a  I ission  product  passed,   the  track  closes  at  that

point.     This  prevents   the  etchant   from  proceeding   farther  down

the  track  at  the  increased  rate  of  dissolution.     If  this  happens

often  enough,   the   track  will   become  annealed  and  no  preferential

etching  can  take  place.

Determination  of  an  age

Determining  a   I ission-track  age  requires  the  counting  of  two

sets  of  tracks  and   the  determination  of  the  neutron  dose.     The

£1rst  of  these,   the  spontaneous  track  density

( e.),1s   the   number  of   tracks  created  by  spontaneous   fisslon  o£

238u.      |t   is  exDressed  as   follows:

e`.  --  (Qx)   Nv c="` R`"`"` eqn6

where   A   ls   the   time   over   which  spontaneous   I ission  tracks  have

been  stored,  )   is   t,he  decay  rate  by   fission  o£  238U,   Nv   is   the

number   of  atoms  per  unit  volume   in   the  material,   c238   is   the

fraction  of   those   atoms   which  are   238U,   R238   is   the   length  of   the

etchable   track  of  a   238U   fission  fragment,   and   7t238   |s   the

etching  efficiency.     The  equation  can  be  broken  into  two  parts,

where  A^   represents   the   fraction  of  238U  atoms  which   fission  in

time   A,   and   Nv   c238   R238u238   represents   the   number   of   238U  atoms

per  unit  area  that  are  within  range  R  of  the  etched  surface  and

134



can  lead  to  etched  tracks  at  that  surface.   (Flelscher  ai a|.,

1975)     Possible   reasons   why  a   track  might  not  be   revealed  by

etching  have  been  discussed  above.

Varlatlons   ln  the   ratio   o£   235U  to   238U  have  been   found   |n

nature  only  ln  association  with  uranium  ore   (Flelscher  ei a|.,

1975).     Therefore,   the  most  straightforward  method   for  obtaining

the  238U  concentration  |n  a  material   is  to  irradiate  the  sample

with  thermal  neutrons   ln  a  nuclear  reactor   ln  order   to   induce

fission|ng  of  235U  within  the   sample  and  thereby  determine   its

concentration.     The   induced   track  density   (e;)   is   the  second

track  count  which   is  required   for  an  age  determination.     It  can

be  expressed  by  an  equation  analogous   to   that   for  €4  :

e:  --   (T TZ)  Nv  a;"i R`'Sr:3€ eqn7

where          is   the  cross   section   for   fissiono£  235U  and  §  is   the

neutron  fluence   ln  the  reactor.     Neutron  flux  ls   the  number  of

neutrons  which  pass   through  a   1  cm2  area  per  second,   while

neutron  f luence   is   the   integrated   flux  over   time   in  neutrons  per

square  cen'tlmeter.     The  first  term  (  rz)  represents  the  fractlon

o£   235U  which  has   fissioned;   and  as   |n  Equation   1,   Nv  c235   R235

7t235  represents   the  number   o£   235U  tracks  which  can  be  counted.

The  cross  section   (in  barns)   of  a  nuclide  represents   the

probability  of  a  nuclear  process,   such  as  fission,   occurring.

Since  the  probability  of  a  reaction  taking  place   is  directly

proportional  to  the  cross-sectional  area  of  the  target  nucleus,
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cross   section  has   the   dimensions   of  area   (1   barn   =   |o-24cm2).

Even  if  a  particle  passes  outside  the  area  of  the  nucleus  proper,

lt  may  still  cause  a  reaction  to  occur.     For   this  reason,   cross

section  may  be  thought  of  as   ''. . .   the  apparent  cross-sectional

area  of  the  bombarded  particle  as  seen  by   the   incident  particle

...",   the   size  of  which  depends  on  both   ''...   the  properties  of

the   matter   through  which   the   radiation  passes   ...   and  on   ...   the

properties  of  the  radiation  itself"   (Chase  and  Rabinowitz,   1962,

p.115).

An   induced   fission-track   is  created  when  a  thermal   (slow)

neutron   impinges   on   the   nucleus   of   a   235U   atom.      The   number   of

tracks  created   is  dependent  upon  the  neutron  f|uence  and   the   235U

concentration.     A  measure  of  the   fluence  can  be  obtained  by

•   determining   the   track  density   ln  a  piece  of  doslmeter  glass   (qo)

of  known  uranium  concentration.   The  dosimeter  track  density  can

be   expressed  as:

eo  =  8 Z

where a  a   a-Nv .`.{R..``.'=

•eqn   8

eqn9

The   terms   in  Equation  9  are  analogous  to  those   ln  Equation  7,

only   for   the  dosimeter  glass  as  opposed   to   the   sample.

Equations  6   through  8  can  be  combined  to  yield:
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Where

A a } (¥) `o

i, = ffffi;
eqn   10

eqn   11

Of  the  terms   in  Equation  11,          and       are  nuclear  constants,   and

clearly  do  not  vary.     The   isotopic  ratio   g;;;  has  not  been  found

to  vary  in  nature  except  as  stated  above.     R  and 7i  are  very

nearly  equal   for   the   two   isotopes  of  uranium  and  their  ratio   is

constant.     For  each  type  of  dosimeter  glass,   the  terms   ln  a  are

constant.     Thus,   once  determined,g   can  be  considered  a  constant.

Assumptions   in  the  use  of  the   age  equation

The  age   equation  as   presented   ln  Equation   10   1s   linear   with

time  and  uranium  concentration,   but  should  be  used  only   for  ages

of  less  than  109  years,     For  ages  greater  than  this,   the

variation  ln  quantity  o£   238U  caused  by  alpha  decay  becomes

signif icant  and  the  equation  must  be  slightly  altered.     The

applicability  of  the  age  equation  over  this  broad  time  range  is

shown   in   £19ure   29   (Flelscher  fi  a|.,1975).

There  are  generally  three  assumptions  made   in  using  the  age

equation.     First  ls  that  all   the  spontaneous  tracks  are  caused  by

fiss|on  of  238U  and  all   the   induced  tracks  are  caused  by  £1sslon

o£   235U,      Second   |g   that  the   same  etching  and  counting  techniques

were  used   in  obtaining   e.  and   q<  so   that   their  ratio   (  '/ii)   will  be
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Figure   29.        Age   range   for   fission-track   dating.      Fission~track

dating     has     been     shown   to  yield  correct  dates     for     materials

ranging   from   1/2   year   to  over   a  billion  years   old.        The     rai-igg

for     a  specific  material   depends  on   its  uranium    cor.tent,      :ess

uranium     is     required     for   the     older     ages.        Points     plotting

signl£1cantly     above     the     line   have  been  annealed     by     therr,al

events .
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accurate.     Lastly  is  the  assumption  that  g  is  a  constant

proportionality   factor.

Though   the  values   ln  r  were  discussed  above,   two  require

additional   comment.      The   decay   rate   o£   238U  by   f ission  has   been

measured  repeatedly  and  a   variety  of  values   from  5.3   X   10-17/yr

to   12   X   10-17/yr   has been  determined  `in  various  laboratories  and

at  various   times   (Fleischer  gi  a|.,1975),     There  are   two  values

which  are  now  frequently  used  in  fission-track  age  determin-

ations,   6.8S   X   10-17/yr   and   8.46   X   10-L7/yr.      |n  the   United

States   the   value   6.85   X   10-17   is  more   frequently  applied  because

it   ''has  yielded  geologically  meaningful   ages   for  geochronologists

using   the   NBS   standards"   (Seward,1979).      It   was   derived  by      I

obtaining  the   weighted  average  of  a  determination  made  using

synthetic  mica  detectors  and  uranium  foil  and  a  determination

which  required   the   K/Ar  and  Rb/Sr  ages  of  a  suite  of  minerals   to

agree  with   fission-track  ages  determined  for  them  using  mica

detectors   (Roberts  ei  a|,,1968).     The   sec:ond  decay  rate  value

was  determined  by  fisslon-track  dating  of  man-made  uranium

glasses   (Thlel   and   Herr,   1976)   and   ls   used   mostly   ln  Europe.

Thiel   and  Herr   (1976)   claim  that  use  of  the   lower  decay  rate

will   cause  a  20S  systematic  deviation  in  experimental   parameters.

As   the  age  of   the  glass  dated  by  them  was  known  with   far  more

precision  than  this,   use  of   the   lower  decay  rate  would  have

yielded  erroneous  results.     They  state  that  uranium  foils  can

interfere  with  reactor  neutrons  and  possibly  result   ln  a  low
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decay  rate  being  obtained.     At  this  time,   this  problem  is

unresolved.

There  is  also  a  slight  variation  in  the  cited  values  for  the

cross   section   for   fission  of   235U   (  cr  ).     A  value  of  58o   X   |o-24

cm2  was  given  in  a   1981   nuclear  chemistry  text   (Friedlander  §±

al.,1981).      Naeser   (1976)   uses   a   value   o£   582   X   |o-24  cm2   in  his

fission-track  determinations.     Most  recently,   General  Electric

(Walker   §±  a|.,1984)   published  a   value   of   583   X   |o   -24  cm2.

Even  so,   this  variation  in  the  value  of  -causes  a  less  than

0.5*  di££erence   in  the   age  obtained  as  used   in   the  age  equation.

Spontaneous   fission  involves  tunneling  through  an  energy

barrier  called  a  Coulomb  barrier   (Friedlander  gi  a|.,1981).   The

attractive  nuclear   forces  of  the  nucleus  must  be  overcome  before

a  particle  can  escape.     These   forces  create  an   lmpedlment   to

fission.     Induced   fission  occurs  whenever  enough  energy  is

supplied  to  a  susceptible  nucleus   to  overcome   this  barrier.     Some

nuclides,   especially  those  with  an  odd  number  of  neutrons   (such

as   235U)   have  a  large  cross  section  for   fission  by  thermal

neutrons.      The   remaining   susceptible   nuclides   (such  as   238U)   can

be   induced  to  undergo   fission  with  fast  neutrons.     Figure  32

Shows   a  comparison  of   the   energy  needed   to   fission   235u  and .238u.

0£  those  nuclldes  which  can  be  fissloned  with  the  relatively  slow

thermal  neutrons,   only  235U  is  naturally  occurring   in

concentrations  great  enough  to  yield  a  significant  number  of
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tracks   (Walker,1984).      Thus   it   is   reasonable   to   assume   that  all

the   induced   tracks  counted  are   the  result  of   fission  o£  235u.

However,   there   is  a  discrepancy   in  how   thermal   neutrons  are

defined   for  different  purposes.     A   thermal   neutron,   in  general,

is  de£1ned  as  having  an  energy  of  between  approximately   2   X   10-8

Mev  and   5   X   10-7   Hey   (Fleischer   g±  a|.,1975).,    As   used   in  the

i ission-track  age  equation,   a  thermal  neutron  is  assumed  to  have

an  energy  of   2.53   X   10-8   Mev   (Boellstorff,   pers.   commv   1986).

This   is  also   the  value   used   in   f igure   30   for  determining   the

flsslon  cross   section  o£   235u.

Thermal  neutrons  are  produced   in  a  nuclear  reactor  by

slowing   the   neutrons   formed  during   fission  by  passing   them

through  a  moderator,   commonly  water  or  graphite   (Friedlander  §i

a|.,1981),     The  proportion  of   thermal   to   fast  neutrons   resulting

is  commonly  reported  as  a  cadmium  ratio  e.g.   the  ratio  of  the

neutron   £1uence  seen  by  a  detector   shielded  by  cadmium  to   the

total  neutron  fluence.     Unfortunately,   this  definition  for  a

thermal   neutron   includes  all   those   with  an  energy  level   o£

(   5   X   10-7   Mev,

This  definition  introduces  two  complications.     First,   the

thermal  cross  section  o£   235U  varies  with  neutron  energy   (as

shown   ln   flgure   30).      Thus   lt   ls   no   longer  constant,   as  assumed

ln   the  age  equation.      Also,   232Th  can  be   induced   to   flsslon  with

energy   as   low   as   4   X   10-7   Mev   (Boellstorff,   pers.   comm„   1986).
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Figure   30.      Cc}mparison  of   uranium   i`f;otc)pe   cross-sections.

A)         The   235Ll   isotope   can   be   induced   to   f ission   at   low     neutron

energy   levels.      Cross-section  values   norm,alized   to   582  I)arns  at

o.0253     ev.         a)         238U   fissions   spontaneously   in     nature.         To

induce     fissioning,     large   neutron  energy   levels  are     necessary

(note   scale  change).
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Thus   when  thermal   neutrons  are   defined  as   sub-cadmium  neutrons,

instead  of  as   neutrons   with  an  energy  o£   2.53   X   10-8   Mev,   some

232Th   fission-tracks  may  be   formed.     This   fact  also   further

complicates   the  use  of  dosimeters  which  contain  thorium  to

measure  neutron  fluence   (see   table   loin  Appendix  C).

There  are   four   types  of  natural   tracks  which  could

potentially  be   found  in  terrestrial  samples:     those  from  the

spontaneous   fission  of  238U;   those   from  the  spontaneous   £1ssion

o£  244pu;   tracks  produced  by  recoil  of  heavy  nuclei  after  alpha

decay  o£   232Th,   235u,   or   238u;   and   Ntracks  produced  by   the

scattering  of  alpha  particles   from  the  normal  constltuents  o£

silicate  minerals"   (Fleischer  fi  a|.,1975).     This  last  type  ls

not  usually  discussed   in  the  literature  and  Fleischer  ei a|.

(1975,   p.    161)   dismiss   them  with   the   statement   that   they   ''have

not  proved  useful''.      Presumably   there   is   little  chance  o£

confuslon  between  one  of  these  tracks  and  a  fission-track.     The

half  life   for   244Pu   is  short   in  comparison  to  the  time  since   its

synthesis  and   it   is   thus  considered  an  extinct   isotope.     Tracks

caused  by   fission  o£  244Pu  have  not  been  found  in  terrestrial

samples   (Fleischer  §i  aLi.,1975).     The   tracks  produced  by  recoil

of  heavy  nuclei  after  alpha  decay    have  not  been  observed  with  an

SEH   in  any  material  other   than  mica   (Fleischer  §i  a|.,   (1975).

Naeser   (1986,   pers.   comm.)     stated  that   "Alpha  recoil   tracks  are

very   short   ...   and   the   ...   pits  are   less   than  0.5  microns  deep.

Therefore,   they   ...   cannot  easily  be  mistaken  for   fission-
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tracks".     Thus,   none   of   these   track  sources   should  contribute   to

errors   in  the     ¢J{;   ratio.

Fleischer  eLi  a|.   (1975)   listed  a  variety  of  other  possible

mechanisms   by   which   tracks   can  be   formed  which   were   considered   to

be   unimportant.     These   include:     the  spontaneous   fission  of

naturally  occurring  elements  other   than  those  discussed  above;

fission  induced  by  tl  ,  P  or   /  activity;   induced  I ission  of  heavy

nuclides  by   fast  or   thermalized  neutrons  produced   in  other

reactions;   fission  induced  by  cosmic  ray  primaries  or  secondaries

(e.g.   neutrons   formed  by  collision  of   the  primary  cosmic  ray  with

nuclei  of  the  material);   and  spallatlon   (e.g.   loss  of  parts  of

the  nucleus)   caused  by  cosmic  ray  secondaries.      As   the  earth   is

shielded  from  cosmic  rays  by   its  atmosphere,   all  cosmic  ray   track

sources  are  of  negligible   importance   for  most   terrestrial

samples.     Detectable   induced  track  densities  have  been  found  in

samples   low   ln  uranium,   but  rich   ln  other   very  heavy  elements,

however.     In  many  studies  of  tracks,   Flelscher  gi  a|.   (1975)   have

not  found  a  significant  density  of  natural   f ission  tracks  which

might  have  been  caused  by  anything  other  than  spontaneous  I ission

o£   238U,   exce.ot|ng  cases   where   the   dated  mineral   Was  embedded   ln

uranium  ore.      Thus,   if  samoles  are   selected  with  some  care,   lt

can  be  assumed  that  all   the  spontaneous  tracks  are  caused  by

Spontaneous   £|ss|on  o£   238u.

Several  causes   for  variation  ln  the   a./,;  ratio  have  been

discussed  above.   There  are,   however,   also  p.rocedural
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considerations  which  must  be  adhered  to  if  the  track  ratio   is  to

accurately  reflect  reality.     As   the  etching  procedure  can  cause

variations  in  the  countable  track  density,   it  is  essential  that

identical   conditions  be  used  when  etching  spontaneous  and   induced

tracks.     Boellstorff   (pers.   comm.,1985)   has   stated  that  spon-

taneous   tracks  are  often  smaller   than  induced  tracks.     Thus   it   is

important  to  be  sure  not  to  overlook  the  smaller  tracks  when

counting.     Consistent  errors  of  this   type  can  be  calculated   in`to

a  personal  ?  factor   (as  counting  efficiency)   for  use  when

calculating   the  age  of  a  sample.

Use  of  the  ¥  factor   is  highly  recommended  by  Hurford  and

Green   (1983)   for   a   variety   of  reasons.    'They   found   that   there

were  unexplained  errors   in  the  response  of  both  Co   foil

actlvation  monitors   and  occasionally   in   the   NBS-SRM612  dosimeter

itself  which  could  cause  estimates  of  neutron  £1uence  to  be

radically  different   from  the   true  values.     The  comparative  method

of  determining  neutron  fluence   (comparing  induced  track  densities

in  preirradlated  and  worker   irradiated  specimens  of  a  dosimeter),

has  the  problem  that  a  subjective  decision  on  the  part  of  the

worker  as   to  what  will   be  considered  a   track   ls   introduced  into

the   £1uence  calculation.     The  problems   in  determining  an  absolute

value   for   the   fission  decay  rate  have  been  discussed  above.

For  these  reasons,   Hurford  and  Green  have  rejected  this

method  of  age   determination  as   "grossly   imprecise".      Their   method

involves  repeated  callbratlon  of  a  uranium  glass  dosimeter
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against  a   suite   of  minerals   whose   ages   have   been  determined  by

other   means,   such  as  K/Ar.      This  removes   the   necessity  of

separate  determinations  of  neutron   fluence  and  fission  decay  rate

as  well  as  any  systematic  counting   ''errors"  by  combining  them  all

ln  one   factor.     Since  determlnatlon  of  the  ¥  factor  depends  on

track  etching  and  counting  conditions,   as  well  as  track

identification  criteria,   etc.;   a  ¥  factor  must  be  determined  for

each  worker.     Therefore,   it   is  suggested  by  Hurford  and  Green

that  a  suite  of  minerals  and  dosimeters  be  kept  at  each

laboratory  so  any  new  worker  may  derive  a  i"personal   r    factor"  by

recounting   them.



APPENDIX   C

A     Consideration  of   the  Dl££erent  Standards   Used
and   some   of   the   Problems   with

the   Fission-Track  Dating  Technique

The  fluence  within  the  nuclear  reactor  during  irradiation  is

determined  by  counting   £1sslon-tracks   ln  a  standard  glass  with  a

known  uranium  concentration.      The   £1uence  cited  by  the  reactor

operator   can  be   o££   by   as   much   as   20S   (Naeser,   1976),   so   an

independent  measurement   ls   necessary.      This   ls  even  more   evident

when   it   is  noted   that  while   the   thermal   neutron   fluence   in  the

age  equation  refers   to   the   §en£Q  s±r|£±Q.  2.53   X   10-8   Hev   thermal

neutrons,   many  reactors  report  thermal  neutron  fluence   in  the

sub-cadmium   (<   5   X   10-7   Mev)   sense   (see   Appendix   a).      In  order   to

maintain  a  countable  density  o£  fission-tracks   (neither  rare  nor

overlapping),   a  dosimeter  containing  a  uranium  concentration

similar   to   that  of   the   samples   ls  desirable.     Three  dl££erent

glass  standards  were  selected  for  use  on  the  this  project.

The   Ndtlonal   Bureau  o£   Standards   (NBS)   Fission  Track  Glass

wafers  are  used  by  most  researchers  within  the  United  States.

These  wafers  are  purchased   ln  a  set  contalnlng  both  nonlrradlated

and   irradiated  samples,   and   thus  make  convenient  dosimeters.

They  are   a   subset  o£   NBS's   series  o£   Trace   Elements   ln  Glass

standards.     This  series  contains  more  than  sixty  different  trace

elements,   which  have   been  analyzed  by  many  different  chemical
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techniques   (Carpenter   and   Relmer,1974),

In  their  ploneerlng  studies  on  fission-tracks,   Fleischer,

Price,   and  Walker   (1965)   used  chips   from  microscope   slides.

Boellstor££  uses  as   his  doslmeter   chips   from  a  similar   set  o£

slides  which  have  been  calibrated  against  Fleischer's  original

set  of  dosimeters.      The   uranium  distribution  was   found   to  be

uniform  and  present  at  a  concentration  o£  0.7  ppm   (Boellstor££,

pers.   comm.;    1985).      A   detailed  chemical   analysis   of   this   glass

has  not  been  performed.

Walker   requested   the   Cornlng  Huseum  o£  Glass   to   prepare   some

uranium  glass  standards   for  use   in  fisslon-track  dating

(Schreurs,   pers.   comm,;   1984).      Unfortunately,   this  original

doslmeter   glass   (U-1)   was   lost   ln  a   flood   in   1972.      Since   then,

Dr.   Jam  Schreurs,   o£  Coming,   has  prepared  several   other  uranium

glasses.      Coming  glass   CN-1   contains   approximately   40   ppm  U  and

was  chosen  as   the   third  dosimeter.

Calibration  of  dosimeters

Glass  standards  are  usually  calibrated  by  means  of  counting

the  activity  produced   in  metal   foils   irradiated  along  with  the

glass.     The  National   Bureau  o£  Standards  dallbrated  their

i lsslon-track  standards  using  copper  and  gold   folls   ''slnce  many

laboratories   routinely  use   these   foils"   (Carpenter  and  Reimer,

1974,   p.   3).      During   irradiation  of   the   standards,   every   tenth
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irradiation  vessel   (called  a  rabbit)   contained  one  piece  each  of

gold  and  copper   foil.      The  certificate  enclosed  with   the

standards  upon  receipt   from  the  NBS  also  listed  noncertified

£1uence   values   obtained   from   iron  and  cobalt   foils.      For   the   same

irradiation  in  the  NBS  Research  Reactor  Irradiation  Posltlon  RT-4

the   followlng   £1uences   were  determined   (all   are   reported  as

X   |o]4   n/cm2):      copper   -3.87±  0.07,   gold   -4.17±  0.08,   iron  -

3.87±  0.08,   and   cobalt   -3.79€  0.12   (NBS   Certificate,   SRH962a,

1984 )  .

The  choice  of  which   foil   to  use  as  a  standard  affects  the

resultant   £1uence  determlnatlon  because  of   the  variation   ln   the

reaction  of  different  elements   to   irradiation.     One  of  these

factors   is   the  cross   section,   or  probability  of  a  nuclear  process

occurring,   as  discussed   in  Appendix  a.     Various  elements  react

dissimllarly   to   the   spectra  of  energies  present  wlthln  a  nuclear

reactor,   thus  a  prec:ise  knowledge  of  the  energy  spectra   is

necessary   in  order   to  accurately  determine   the   £1uence.     This   ls

usually  not  the  case.     Figure   31   shows  the  relatlonshlp  between

cross   se€tlon  and  ne'utron  energy   for   several   metals  which  are

commonly  used   for  dosimeter  calibration.     This   factor   is   too

variable  to  account  for  wlthln  a  standard  callbratlon  equation.

To   try  and  minimize  this  variable,   Boellstor££  advocates

u51ng  uranium   foll,   since  uranium   ls   the  element  with  which

£1ssion-track  dating   is  concerned.     Fleischer  and  Price   (1964)

used  uranium   foil   in   the  original   calibration  of   their  microscope
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Figure     31.        Comparison     of  cross-sections   of   metals     cormonly

used   to   Calibrate   doslmet..ers.         Compare   wit!}   figure   3o      (235u),

Note     the     wide     range   in  cross-sections   (eg  probabilit.y     of     a

nuclear       process     occurring)     depending     on     neutron       energy.

Triermal   neutrons   (tliose   to   which   the   age   equation  refers)      riave

an     energy   o£   0.0253   ev.         Frequently,      ''thermal"   neutrons     are

`equated  with   ''sub-cadmium"   neutrons,   which   have   an  energy  o£

<     0.5     ev,      much  greater   than   that   for   thermal     neutron     s£±±£g

stricto.        Many     reactors,      including     those   of   the   TRIGA     type

(USGS   reac`tor)   create   many   neutrons   with   an   energy   o£   )    10      ev.

Thus       a     wide     energy     spectrum     may     be     present     diiring       an

irradiation.          This       is     the     reason     Boellstorff       advocates

callbratlon     with     uranium     foil.        At   least   this     wide     energy

spectrum     is     striking     the     same     element     in     both     foil     and

doslmeter,   thus   reduc:1ng   the   number   of   unknowns.
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slide   standards.     A  piece  of  uranium  foil  was   included  along  with

the  standard   ln  each  of  a  series  o£  1rradlations  at  di££erent

fluence  levels.     The  uranium  foil  was  then  analyzed   for  the

resultant   t4°Ba  and  99Mo  activity  and  a   £1uenc6  determined.      rhe

results  were  graphed  along  with   the   induced  track  density   in  the

dosimeter  glasses.     This  produced  a  straight-line  `equation,

useful  only  for   this  particular  doslmeter,   1n  which   the  only

variable   ls  the  induced  fission-track  density  of  the  dosimeter.

Thiel   and  lierr   (1976)   noted  a  problem  with   lnterference

between  uranium  foils  and  reactor  neutrons  which  nay  cause

uranium   foils   to   yield  erroneous   fluence   values.      However,

Boellstor££  feels  that  this   ls  only  a  slgnlficant  problem  if

thick   folls`are  used,   and  that  ln  any  rate,   the  error   ls  less

than  that  caused  by  using  a  glass  standard  doped  With  depleted

uranium  and  then  calibrated  by  comparison  to  activity   induced  by

an  unknown  energy  spectra   ln  a   foil  made  of  any  material   other

than  uranium   (1986,   pers.   comm.).      The   author   is   unsure   which

procedure   is  truly   ''best''.     Unfortunately,   the  choice  of  decay

rate   in  the  age  equat`ion  is  related  to   this  choice  of  dosimeter

calibration  technique  and  thus  contributes  to  the  uncertainty  of

ones  results.      (Compare   Thiel   and  Herr,1976;   Roberts  fi  a|.,

1968;   and   Seward,1979.)
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Determination  of  neutron   £1uence   for   a  sample   run

Though  an  equation  has  been  developed   for   use   with

Flelscher's  standard,   and  adjusted   for   use  with  Boellstor££'s

standard,   other  dosimeters  must  make  use  of  a  comparative

technique   for   neutron   £1uence   determlnatlon.      The   NBS  has

provided  for  this  by  sending  both  preirradiated  and  nonirradiated

glass   in  each  package  of  dosimeters  ordered.     But  since   the   track

density  in  glass  is  hard  to  determine  with  good  reproducibility

(Naeser,   1976),   1t   is  essential   that   the  NBS-irradiated/

researcher-irradiated  pair  be  etched  at  the  same  time.     This

requires   the  researcher   to  repolish  and  etch   the  NBS   lrradlated

wafer  each  time   lt  is  used.     An  external  detector  eliminates  this

necessity.      This  method   involves   taplng  either  a  piece  of  uranium-

poor  muscovite  or  Lexan  polycarbonate  to  the  polished  surface  of

a  sample  before   irradiation.     One  of   the   fission   fragments

resulting   from  each   fission  event  o£   235U  within  range  of   the

surface  enters  the  detector  and  leaves  a  £1ssion-track.     The  etch

conditions   for  these  detectors  are  less  sensitive   to  varying  etch

Conditions  than  is  glass.     Thus  the  external  detector  method  is

frequently  preferred  to  counting  fission-tracks  directly  on  the

glass.

Another  potential   problem  with  the  NBS  dosimeters   is  the

presence  of  other  elements  wlthln  the  glass   (see   table   10).

These  other  elements  can  have  an  e££ect  on  the   fluence

determination  when  calculated  by   the   external   detector   method.

152



Table      10.         NBS-SRM962      is     the   National   Bureau     of     Standards

fisslon-track     standard     and   is   a   subset  o£     NBS-SRH612      (Trace

Elements   in  Glass   Standard),   thus   they  have   the   same   chemistry.

CN-lls   a   Coming   Museum`o£  Glass   uranium   standard     glass,      and

U-1     was   the  original   uranium  standard  made   by  Coming.        a     is

Boellstorff 's     microscope   slide   fission-track     standard.        Note

the     Wide     variety  of  values   for   the   isotopic  ratio  o£   235u     to

238u.

..a*



Cheinistry   of   the   Standard   Glasses

Standard

NBS-SRE62a`

ms-sRE6i2a

cN-1b

u-|c5

Bd

Base  Glass   Chemlscry   (wC  %)

S102     Na20     Cao     Mgo     A12°3     K2°

72          14        12          -            2          --

72          14        12          -            2            -

72.7     16.7     5.I     3.5      1.4          0.4

Trace  EleDencs   (PPD)

The

37.791      322

37.791      322

-.4-

U           Isotoplc
raclo

37.38          4i84

37.38            -

~4o3     |37.77

40.9        277.8

0. 7      ''natural"

Sources

a)   Carpenter  and  Relmer,   1974
b)   Schreurs,   pers.   comn..1984
c)  Schreurs  fie|.,1970
d)   Boellstorff.   pers.   com.,1985

Notes

1)   232|honiy         2)   328on|y

3)   average  of  9  detendnatlong
using  5  dlfferenc  methods

4)   obtained  by  lnvertlng  235U  atop  percenh
.thus  nLihoer  ls  a  bit  low

5)   ''very  pure  matrix  glass"    Contains
depleted  U  of ~±natural  values.



Both   thorlum  and  boron   ''emlt  charged  particles   which  may  be

recorded   in  many  external   detectors"   (Carpenter  and   Relmer,

p.    2,1974).      Also,   at   neutron  energy   levels   o£   )   4   X   10-7   Mev,

232Th   will   fission   (Boe|lstorff,   pers.   comm„   1986).      The   NBS

glasses  contain  substantial   quantities  of  these  elements.

However,   natural   materials  also  contain  many  of  these  same

elements.     No  other   trace   elements   were  purposefully  added   to   the

Coming  glass   in  an  effort  to  make   it  a   "pure"  uranium  standard.

Boellstor££'s  doslmeter   is   likely   to  contain  small   amounts  of  a

variety  of  trace  elements,   including  thorlum,   since   this  glass

was  not  originally  produced   for  analytical   purposes.

Another  difference  between  these  three  standards   is  the  type

of  uranium  each  contains.      The   NBS  dosimeters   have   been  doped

with  depleted  uranium.      Each  of   the  di££ere`nt  uranium

concentration  levels   has  a  dlfferent   235U   lsotopic  abundance,

though  none  of  these   is  equivalent  to  natural  abundances.     The

Coming  glass  was  doped  with  pre-war  undepleted  uranium,   thus   its

isotopic  abundance   is  the  same  as   that  of  natural   ur.anium-

containing  materials.      The  microscope  slide  glass  used  by

Boellstorff  contains  natural  uranium.     This  is  only  a  potential

problem  when  determining  uranium  concentration  levels  as  opposed

to   fluence  levels,   however,   since   the  uranlrim  ls  homogeneous

wlthln  each  series  of  standards.

One   final  consideration  is  the  availability  of  a

pre-irradiated  specimen.      If  a  sample   lrradlated  under  presumably
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known  conditions  does  not  exist,   then  the  straightforward

comparative   technique  can  not  be   used.

As  stated  above,   it  ls  possible  to  develop  an  equation  to

determine  neutron  fluence   for  a  particular  dosimeter.     There  are

several   problems  with   this   technique,   however.     Di££erent

researchers  can  have  slightly  different .fission-track

ldentl£1catlon  criteria  which  can  compound  the  problem  of

reproduclbillty  o£  £lsslon-track  counts  duelto  etching.

differences.     There   is  no  way  to  account  for  these  di££erences   in

a  standard  equation.     When  a  pre-1rradlated/   nonpre-irradiated

pair  are  etched  and  counted  together,   these  effects  are

mlnlmized.

Lacking  an  irradiated/non-irradiated  pair  of  dosimeters  to

work   from,   there  are   only   two  other   methods   by   which   to  calibrate

a  dosimeter.     The   first  ls   to  date  a  series  of  materials  of  known

age  and  calculate   the   neutron   fluence   ( § )   from  the  age  equation,

This  method   is  not  practical   for  routine  work,   though  it  should

always  be  used  when   initially  calibrating  a  standard..

The  other  method   is  analogous   to  that  described   for   the  NBS

doslmeters.      Since   the   £1sslon-track  density   (  e®)   can  be

expressed  as:

eo =  C Z , eqn   12

if  the   fluence   for  a  reactor  run  can  be  determined  by  another
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method,   such  as  a  dif ferent  dosimeter,   that  fluence  can  be

ascribed  to  the   f ission-track  density  counted   ln  the  original

doslmeter.     An  unknown  neutron  fluence  can  then  be  calculated  by

using   this   a   factor   whenever   the  same  glass  and  etching

conditions  are  used.     This  method  can  take   into  account

differences  in  counting  criteria   (a  8  factor  can  be  determined

for  each  worker).     Etching  conditions  also  become  less

problematic  since   the   two  doslmeters  can  be  etched  simulta-

neously.     In  the  end,   the  choice  of  which  dosimeter  to  use

depends  upon  the   facillties  available  to  the  researcher  and  the

research  goals  for  the  particular  project.
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APPENDIX   D

Methodology  used   for  obtaining  and

fission-track  dating  zircon  phenocrysts

A  description  of  the  procedures  used  in  an  attempt  to  obtain

zircon  fission-track  dates  for  the  Desoto  ash  is  outlined  below.

This  attempt  was  made  because  zlrcon  ls  much  more  resistant  to

thermal  annealing  of  fission-tracks  than  is  glass.

Sample   Preparation

One  gallon  of  the  dried  ash  was  left  overnight   ln  0.I  N  sodium

oxalate   to  deflocculate  any  clays.     The  ash  was   then  wet  sieved

through  a   30,   60,   170   mesh   sieve   stack,   saving   the   -170   mesh

fraction.     After  each  portion  of  ash  was  sieved,   time  was  allowed

for  the  larger  and  heavier  portion  of  the  -170  mesh  fraction  to

settle.     Host  of  the  clay-sized   fractlon  was  then  decanted.and

the  residue  reserved.     This  was  done  because  the  zir6ons  are

small  and  elongate,   thus   there   is  a  high  probability  of  many

being   in  the   -170  mesh  fraction.     This  method  was   found  to  be

easier   than  using   the   230   mesh  sieve  because   lt  clogs   too

rapidly.

In  order  to  concentrate  the  heavy  minerals,   the  reserved

portion  of  the   -170  mesh   fraction  were  centrifuged   in  concen-
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trated  zinc  bromide   (ZnBr2)   with  a  specific  gravity  of  about

2.45.      Three   to   four   grams   of   ash  were   added   to   100   ml   of  ZnBr2

1n  a   large   (175   ml)   plastic  centrl£uge   tube.      After   10   minutes  at

2000   rpm,   a   firm  disk  of  mostly  glass  could  be  lifted  off  the  top

of   the  ZnBr2.      In  order   to  conserve  heavy  liquid,   the  heavles

were  filtered  off  only  after  several  centrifuge  runs.     Hare  ash

was  added   to   the   tube,   the  ZnBr2   tapped  o££,   and   the  contents

thoroughly  mixed   for   intermediate  runs.

When  the   -60+170   mesh   fraction`  was  centrifuged   ln  ZnBr2,   the

upper  glass  disk  did  not  become   firm  enough   to  remove  easily.     In

order  to  separate   the  two  weight  fractions  far  enough  to  allow

pouring  o££   the   light   fractlon,   extravagant  quantltles  o£  ZnBr2

had   to  be  used.     An  attempt  to  use  a  separatory   funnel  was

abandoned  because   lt  took  too  long  for  the  separation  to  occur

and  only  small  quantltles  of  ash  could  be  processed  at  a  time.

For  these  reasons,   bromoform,   which  has  a  higher  specl£ic  gravity

(2.85)   was   used   to  process   the   -60+170   mesh  sieve   fractlon.      It

was  not  used   for   the   -170  mesh  samples  because   lt  ls  expensive

and-ls  a  carcinpgen.                                                         .

Separatory   funnels  Were  used  along  vlth  bromoform  to  obtain

zircons   from   the   -60+170   mesh   fraction.      Approximately  3.5  g  of

ash  were  put   ln  each   125  ml   funnel.     The   funnels  were   filled  with

bromoform  and   the  mixture  stirred  thoroughly  every   flve  minutes

for  the  first  half  hour  of  settling.     Stirring  helps  prevent

zircons   from  sticking  to   the   light  weight  glass  shards  and  thus
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floating  to  the  top.

After  at  least  three  hours  of  settling  time,   the  heavy

fraction  was  drained   into  a  beaker.     Acetone  was  added   to   thin

the  bromoform  and  allow  easier  cleaning  of  the  resulting

fractlons.     The  bromoform  can  be  reclaimed   for   future  use  by

adding  water.     The  Water  Will  attract  the  acetone  and  the

resulting  mixture   floats  on   the  more  dense  bromoform.

The  heavy  minerals  were  then  retrieved  by  filtering.     Paper

filters  are  quite   fibrous  and  the  author  was  concerned  that  the

tiny  zlrcon  crystals  might  become  trapped  ln  these   fibers.     For

this  reason,   smooth  millipore   filters  were  used.     Unfortunately,

these  £11ters  dissolved  in  the  small  amount  of  acetone  still

mixed  with  the  heavy  minerals  and  created  a  glue-like  substance.

In  an  attempt  to  retrieve  the  zircons,   they  were  treated  with  a

variety  of  solvents,   but  were  never  completely  cleaned.     The  next

step  ln  separating  zircons  should  be  to  pe,rform  a  magnetic

separation.     However,   this  was  not  attempted   for  several   reasons,

primary  of  which  was   incomplete  cleaning  of  the  zircons.

Slide  preparation,   irradiation  and  etching

After  discussing  with  Naeser  the  difficultles  encountered

When  flltering   the  zlrcons,   lt  was  decided  to  proceed.     The

zircons  should  not  have  been  damaged;   and  the  silicates,  apatite

and   sphene,   might  have  been  removed   in  the  process.      (One  hour   in
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warm   48S  HF  will   dissolve   these  minerals.)      The   following   is   a

brief  synopsis  of   the  procedure  Naeser  and   the  author  used   in

Denver  for  zircon  fission-track 'dating.     Detailed  instructions

can  be   found   ln  Naeser   (1976).

The   zircon  crystals  were  spread  over  an  area  of  about   1  cm2

on  a  glass  slide  which  was   then  placed  on  a  hot  plate.     The

zircons  were  covered  with  an  PEP  teflon  disk  and  a  second  glass

slide.     This  package  was  pressed  together  until  the  teflon

softened  and   the   zlrcons  became  embedded.      The   teflon  disk  was

then  glued  to  a  glass  slide  with  epoxy  and  the  grain  mount

polished   following   the   same  procedures  as  discussed  earlier   for

the  glass  slides,

The  polished  zircons  Were  then  etched  ln  a  eutectic  mixture

o£   KOH   and   NaoH   at   210°C.      After   24   to   48   hours   (depending   on

age,   uranium  concentration,   etc.),   the  zircon  surfaces  will  be

covered  with  randomly  oriented,   funnel-shaped   flsslon-tracks.

Since  the  direction  of  movement  of  the   fission  fragment  with

respect  to  the  crystallographic  axes  has  an  effect  ori  etch  rate,

under-etching  results  in  fission-tracks  having  an  apparent

preferred  orientation.     Over-etching  causes  loss  of  the  zircon

grain  because  lt  becomes  too  porous  to  be  held  by  the  teflon.

This  can  cause  problems  with  zoned  crystals  as  some  parts  may

etch  much  faster  than  others.

After  etching,   a  muscovite  detector   is  taped  to  the  teflon
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disk.     A  clean,   fresh  surface   is  obtained  by  using  double  stick

tape   to  cleave   the  muscovite.     The   slide   is   now  ready   to  be

irradiated .

The  interlaboratory  standard  for  zircon  I ission-track  dating

ls   zircon  crystals   from  the   Fish  Canyon  Tu££  o£  Colorado   (dated

at   27.2±0.7   my)    (Seward,1979).      A   sample   of  Fish   Canyon  zircons

and   two   pieces   o£  NBS-SRM962a  doslmeter,   all   covered  with

muscovite  detectors,   were  irradiated  by  Naeser  in  Denver  for

35   minutes   at   200   Kw.

Counting  Procedure

The  induced  f ission-track  density  is  counted  on  the

muscovite  detector  after   lt  ls  etched.     The  spontaneous  density

is  counted  directly  on  the  zircons.     No   induced  tracks  will   show

up  on  the  zircons  because  etching  was  done  prior   to   lrradlation.

After  the  zircons  have  been  irradiated,   the  muscovite  ls

removed.     A  pin   is  used   to  punch  holes   through   the  muscovite   into

the-teflon  disk  to  enable  the  images  of  specific  zircons  to  be

found   in  the  muscovite   when  counting.     So  many   induced  tracks  are

made   ln  the  muscovite  detector  that  the   image  of  each  zlrcon

crystal  will  be  clearly  visible  after  etching.     Muscovite  is

etched  for   16  minutes  at   20°C   ln  48*  hydrofluorlc  acid.     The

muscovite   is  attached  adjacent  to   the  teflon  disk  on  a  glass

slide  so   the   two  are  positioned  as  open  pages  of  a  book.
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A   :   mm2   grid   h.itri   10C   square   subdii'i:i3rL=   was   uses   :or

counting.      Magni:ications   of   about   1000:{   are   needed   for   zircc)r,

fission-trac}'Ls   and   of   about   500X   for   the   muscovite.      A   zircor./

muscovite   image   pair   is   16cated   using   the   punched   holes  and  grid.

A  counting  area   is  delimited  within  the  zircon  criistal  and  its

corresponding   image   in   the   muscovite   detector   to   be   sure   the   same

area   is  c:ounted  on  both.     Tracks  counted  on  the   zircon  crystal

and   its   image   in  the   muscovite  are  recorded   separately.     Zircon

fission-tracks  are   funnel-shaped  so  a  spot  of  light  moves  up  and

down   tlie   length   of   the   track   as   the   focus   is   moved   up  and   down.

Fission-tracks   in  muscovite  are  diamond-shaped.     Virtually

everything  seen  in  the  specially  selected  detector  will  be  a

track.

Age   determination

Zircon  fission-track  ages  are  determined  using  the  same

equation  as   for  glass   fission-track  ages.     The  spontaneous

I ission-track  density  is  obtained  by  counting  tracks  in  the

zirc6n  crystal,   and  the   induced  fission-track  density  is  obtained

by  counting  tracks   in  the  muscovite  detector.     The  detector  was

in  two-pi  geometry  with  the  zircon  crystal,   and   thus  contains

tracks   from   235U  atoms  which  lay  below   it  within  the   zircon

crystal.     For  comparison,   the   flssion-tracks  visible  on  the

polished  surface  of  the  zircon  crystals  were   formed  in  four-pi

geometry   (e.g.   tracks   formed   from  238U  atoms   which  lay  both  above
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AND  below   the   polished   surface  are   present).      For   this  reason,

the  induced  track  density  must  be  multiplied  by  tiro  before  the

age  calculation   is  performed.     As  stated  above,   zircons   from  the

Fish  Canyon  Tuff  are  used  as  an  interlaboratory  age  standard.
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