Geological Survey of Canada

Scientific Presentation 94

D.R. Issler’, L.S. Lane', and P.B. O’Sullivan’

r . Kinetic parameter Precision of Apatite Fission Track Annealing Kinetic Parameters
Phanerozoic sedimentary rocks of Canada| 350 Duplicate elemental analyses for 50 AFT samples 353 Duplicate Cl analyses for 50 AFT samples 421 Duplicate Dy, analyses for 45 AFT samples 2928 Elemental analyses for 52 AFT samples
commonly contain heterogenous apatite 0.70 0.70 , 45 _ — 0.80
with mu|t|¥k|net|c AFT anneg”ng behaF\)/iour ® Phanerozoic (northern Canada) e Phanerozoic (northern Canada) , ° I;’_I;anerozom (northern Canada) ,’// e Phanerozoic (northern Canada) .
S g 1:1 1:1 )/ ' . o o 7 1 070 4| —1:1
£ 0.60 - o 0.60 o — — = 0.25 microns (55% of data) y / : )
2 | . * 0.60 { retentive due to Fe, OH, etc.e .
methods, resulting in more accurate and| = °% 8 059 2,
detailed thermal history reconstructions. r a o =) 2 0.50 -
mro 8 040 T 0.40 . o
values were calculated for AFT samples with| 5 2 23 & .
variable cation (Fe, Mn, Mg, Na, Sr, La, Y, Ce)| ¢ .., & 010 = o "
. . . = U. Q > g o)
and anion (F, Cl, OH) concentrations usingthe| & £ © e 2 030 -
empirical equation of Carlson et al. (1999).] % 7 = 020 g o
. S L)
The nonlinear r,, values were converted to| £ = S, — 0204
“effective CI” values for better visual display E 0.10 B 0.10 dg; | .
and comparison with the conventional CI 5 S a ~ |
kinetic parameter. “Effective CI" is the| @ 0.00 ko off C| = [In(1-r,.) + 1.834]/2.107 0.00 1 A 0.00 - ’
equivalent Cl concentration required to yield (after Ketcham et al., 1999) A B C £100°C difference in Tannealing D
I -0.10 T T T T T T T -0.10 T T T T T T T 1.0 t f ' r ' r r T r T r T r -0.10 T T T T T T T
an approprlate rm_ro Value for the KetCham et al' -0.10 0.00 010 020 030 040 050 0.60 0.70 -010 000 0.10 020 030 040 050 0,60 0.70 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 -0.10 0.00 0.10 0.20 0.30 040 0.50 0.60 0.70 o0.80
(1999) annealing model based on the Age grain effective CI (apfu) fromr,,, Age grain measured Cl (apfu) Age grain average D, (um) Effective Cl (apfu) fromr,

published correlation between Clandr_,.

A. Duplicate r_, analyses, expressed as||B. The conventional kinetic parameter, CI|C. Although D_,, depends on apatite||D. There can be large differences between
“effective ClI”, are reproducible to within +£0.03||content, has a measurement uncertainty that is||composition, duplicate analyses show that||measured and “effective” Cl values (40% of
apfu for most of the data, representing ~5-10% ||similar to that for “effective CI” but it does not|measurement uncertainties can be large,||values differ by 0.06 to 0.4 apfu) with significant
measurement uncertainty over the typical range [laccount for the effects of variable cation|contributing to significant overlap of different|/implications for AFT annealing and resolving

of sample values. substitutions or OH content. kinetic populationsin D_, space. different kinetic populations.
Interpretation of Multi-Kinetic Apatite Fission Track Data Sample Kinetic Populations
P013-12: Jungle Creek Fm. (n=64) 2009LHA003 (1148-06): Imperial Fm. (n=39) Pe"mlla)n ('egt tpanels) ar;d U'Iﬁ)petr tDe\tfon_'arII (rlglpt
panels) sandstone samples illustrate typical multi-
= + 8. = + : : . L
Central value =104 £8.9 (10) Central value =226 £ 14 (10) kinetic behaviour of compositionally heterogeneous
_ _ 529 616 . . . .
Dispersion = 48 % 100 Dispersion = 25 % 500 apatite from Cambrian to Cenozoic sedimentary rocks
- Yukon an ' nt Northwest
P(x2) = 0.000 % 200 P(42) = 0.007 % 100 of the northern Yukon and adjace 0 es
Territories. Single grain AFT age and length data show
the least overlap across interpreted population
200 ol boundaries when plotted with respect to r_./effective
Cl; ages correspond well with radial plot population
- 200 ages derived from age mixture modelling (kinetic
- W 1 100 populationzs are colour-coded) and all age populations
5 [ op pass the y” test. Some overlap is inevitable using single
® spot analyses due to measurement uncertainty and
ossible compositional zoning. The large uncertainty in
100 S
D.., and the use of Cl only, means that application of
these parameters can result in mixed, poorly-defined
AFT kinetic populations that can bias model thermal
Peak 1: 62.1+5.3 (38.1£9.4%) history results.
Peak 2: 132%13 (54+11%) Peak 1: 128%15 (17.818.4%) 30
15
Peak 3: 286106 (7£15%) Peak 2: 257+11 (82.2+8.4%)
o/t | I141 I24 I13% o/t | I141 I27 I15%
I I I I I I I I | | | | | | | | |
tlo 0 1 2 3 4 5 6 7 8 t/lc 0 1 2 3 4 5 6 7
Eagle Plain, northern Yukon Richardson Mountains, northern Yukon Procedures for Multi-Kinetic
Samples
I'mr rmr rmr .
0.85 __o7s™ 065 055 045 . 085 075 065 055 045 0y 085 075 o065 055 045035 065 055 045 0.35 1. 40 AFT grain ages and 150-200 track lengths
600 1= pop #1: 51.3%5.7 Ma (22, Q=73%) l O . e kin pop #1: 119.3+12.2 Ma (9, Q=86%) - . (LA-lCP-MS method and Cf-irradiation ideal for
mkin pop #2: 109.2+6.8 Ma (26, Q=25% - N ; . —200 T .
500 4| chr Eog o v e M;“G, nggoz)) _ 16 S DDE 600 - mkin pop #2: 252.4+11.6 Ma (30, Q=39%) A16 E = thlS)
§400 P013-12 - Jungle Creek Fm. (Permian]t g- 14 - g ° - = O%D \ A A §500 | 2009LHA003 - Imperial Fm. (U. Devonian) §-14 . - H
1 T [ O [ AN o 1 L o
> .l %12 o0 oL By =400 .. %E - d 2. Elemental data (Fe, Mn, Mg, Na, Sr, La, Y, Ce, F,
O .
5300 } | I £ 12 © o e &300- H'i . + I I- 5 : Cl, Ca, P) for each analyzed grain (need EPMA for
# 200 * AT E 6 | [[OKin pop #1: 12.1122.17 microns (23) N L<L 200 - ? ? { lF T l + E 6 - OH eStImatlon)
* A < OKin pop #2: 12.17+2.27 microns (57) T T < OKin pop #1: 12.40+2.23 microns (63)
100 1 ¢ b 4 || 2Kin pop #3: 11.46+2.74 microns (14) 100 - + 4 OKin pop #2: 12.84+2.03 microns (139) : : : :
A P013-12 - Jungle Creek Fm. (Permian) B I A 2009LHA003 - Imperial Fm. (U. Devonian) B 3. Radial plot/age mixture modelling to interpret
0 SN | S ) ISl B — 2 — . 0+— .+ - - - - - - . 2 — . . :
01 00 01 02 03 04 05 06 01 00 01 02 03 04 05 06 01 00 01 02 03 04 05 06 07 01 00 01 02 03 04 05 06 07 number of kinetic populations/ages
Effective Cl (apfu) Effective Cl (apfu) Effective Cl (apfu) Effective Cl (apfu)
600 _ — — 18 : : 700 : = 18 ] _ _ _
| [ @2 o) . 7 1 oK pop ¥ T2 15211 micons 29 0. | eiin pop #1: 105:12.2 Ma (5, 4=86% gPaon, 0 ° : 4. Population interpretation using age/length data
500 Akin pop #3: 251.6+37.1 Ma (16,Q=09%)| _ "~ | Do @ AKin pop #3: 11.46:2.74 microns (14) mKin pop #2: 2524+ 11.6 Ma (50, @739%) || _ oo, 0 o 2 g lots with respecttor_ /effective Cl
= P013-12 - Jungle Creek Fm. (Permian)] & 14 g - 7 2 A o A =500 - 2009LHAO003 - Imperial Fm. (U. Devonian)] &14 £~ E@%_F % D@ O p p mr0
S 400 A SEry - ; 3 = =12 e o = -
~ = A N 1 0 . . .
o f Bob T @ 400 i B0 B8 o ’ 5. Resolution of uncertain grains (not probed,
c . ‘g . .
° | 5 . Sgat 300 +'H+ + T I - - outlier composition, poor analysis, different
A 1 [XW) .
< T L. ) L 200 - TI' ! + E | ©__ _ provenance); use age, D, duplicate elemental
A OKin pop #1: 12.40+2.23 microns (63 . .
<, 100 | . ki pop #2: 12.84:2.03 microns (139 analysis, quality control procedures
é C 5 P013-12 - Jungle Creek Fm. (Permian) D 0 C 5 2009LHAO003 - Imperial Fm. (U. Devonian) D
0.2 0.3 0.4 0.5 0.6 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.0 0.1 0.2 0.3 04 0.5 0.6 0.7 i i
Measured CI (apfu) Measured CI (apfu) Measured CI (apfu) Measured CI (apfu) 6_‘ S‘?rt data for pODUIatlonS/CaIquate POpmatlon
600 . - 18 _ 700 18 Kinetic parameters/prepare model input files
l @ kin pop #1: 51.3+5.7 Ma (22, Q=73%) 0 P013-12 -Jungle Creek Fm. (Permlan) e kin pop #1: 119.3+12.2 Ma (9, Q=86%)
mkin pop #2: 109.2+6.8 Ma (26, Q=25%) 16 - - - n _ ’ 16 1 E :
500 - A.kin pop 1?&3;|251,64_r37,1 Ma (16, Q=99%) — O O o O - N 600 - Bkin pop #2: 252.4+11.6 Ma (30, Q=39%) - E ] ]
= P013-12 - Jungle Creek Fm. (Permian)| & 14 DO %EO s &y O ~£00 - 2009LHA003 - Imperial Fm. (U. Devonian) §_14- = ™ Sample is well characterized and ready for
= o m | = . . .
= =121 B < i = 121 58 N B T modelling, taking full advantage of the different
© = ® g SE 04001 € ¢ . 0 _ _
o I 210 g0 & ° D@B,, o “ 2101 g ] AFT thermochronometers that it contains!
- \ A A 2 8 J o A H - = 300 1 T 1 T 2 8 10 O 5 0 O
< i < 200 - [ Ll
< L 5 A < L 6 . :
& < OKin pop #1: 12.11%2.11 microns (23) < OKin pop #1: 12.40+2.23 microns (63)
: ‘ 4 1| OKin pop #2: 12.1742.27 microns (57) 100 - 4 - CIKin pop #2: 12.8442.03 microns (139)
E AKin pop #3: 11.46%2.74 microns (14) F E 2009LHA003 - Imperial Fm. (U. Devonian) F
2.5 3.0 3.5 1.5 2.0 2.5 3.0 3.5 1.5 2.0 2.5 3.0 3.5 4.0 4.5 1.5 2.0 2.5 3.0 3.5 4.0 4.5
Dpar (Hm) Dpar (Hm) Dpar (Mm) Dpar (“m)
Inverse Thermal Modelling Using Multi-Kinetic Apatite Fission Track Data
25 | | ' | | P01'3-12'- Junl le c':reek' Fm 0.5 rEff. ci-0.05 apfu (rmro = 0.822) 0.5 rEff cir0.24 apfu (rmro = 0.735) 250 ' ; ' ' ' ' , ' e 0.5 : . . . 0.5 . : : :
! ‘ (Permian - 290 Ma) | Meas.: 51.345.7 Mamro ' Meas.: 117+7.7 Ma m’rq’. | (28 B'at'ér?i%?f.'%‘ 5 'f\haa!)Fm' " [Eff. CI: 0.03 apfu (rmrg I= 0.823) ~ |Eff- CI- 0.45 apfu (rmro = 0.588)
Meas. %Ro: 0.63+0.13 . 0.4 t\iod - 517 Ma | s 0.4 (central age) {1 o : e - 0.4 _Meas... 119.3212.2 Ma/ | | gg4|Meas:2624x116Ma [
200 Exp. mean %Ro: 0.72 (GOF: 0.17)] & g g |/9¢ GOF: 0. | & gg|Mod:1281Ma ! o/ R 1 @  |age GOF: 032 O . /
% Ro: & 0-3[Length GOF: 0.34 & 03[age GOF:0.15 AN 333Ma  Exp.mean %Ro: C 0.3} o oo | { £ 0.3}/9° SO .20 /
_ i Ave MC %Ro: 0.74 (0.70-0.76) =1 e =] Length GOF- 040 | 1.46 (GOF: 0.18) © ™ [Length GOF: 1.00 © “ [Length GOF: 0.63 |
O 136°C © 0.2y 1 © 0.2¢ o Ave MC %Ro: 1 T o0l | T 00
| 190 Ma | I S 1.59 (1.38-1.86) o o
o 190 ~ L LL
o \ 102°C 0.1 0.1} o 190 106°C - 01l 1™ 04l
2 Pop. #1 Pop. #2 S ' '
© - / \ S3Ma 1 4, ’ 0.0 : 2 175;Ma l Pop. #1 Pop. #2 \
© / 0 4 8 12 16 20 0 4 8 12 16 20 o 78°C 0.0 ' - 0.0 '
S 100 L ] © O 4 8 12 16 20 0 4 12 16 20
qu 100 \\ \ o Length (Hm) | Length (um) 2_100 65 Ma - Length (1im) Length (1im)
— i \ 1 "~ |Eff. CI: 0.60 apfu (ryrg = 0.434) ) A _
0.4 |Meas.: 251.6£37.1 May _ Total Annealing Temperatures = ' B Total Annealing Temperatures
50 | > |Mod.: 218.0 Ma v /
I exp. mean sol'n 2 0.3 |Age GOF: 0.36 LA _ Pop. #1: ~ 120°C 50 \/ \ 1 Pop. #1: ~ 115°C
. % "~ |Length GOF: 0.52 |
L/ /min. objective sol'n | Zo0.2} I A . Pop. #2: ~ 160°C exp/mean SQI | Pop. #2: ~ 230°C
0 - - - - - - - - - - = ‘ . Ain. objectivgsofn . . . . \
600 500 400 Tim?éO?M 2) 200100 0™ 0.1 { | Pop.#3:>250°C 600 500 400 _ 300 200 100 0
Pop. #3 Time (Ma)
Eagle Plain, northern Yukon 004 ] 8 n (12 \ 16 20 Richardson Mountains, northern Yukon
ength (um

AFTINV, an inverse multi-kinetic AFT thermal model, is used to obtain statistically-acceptable, geologically- || The Richardson Mountains are at the eastern margin of the Eagle Plain. The Devonian outcrop sample has two
constrained thermal solutions (300 Monte Carlo solutions in grey; smoothed exponential mean in red) that fit observed | | kinetic populations that constrain three heating/cooling phases; three thermal peaks coincide with Devonian-
AFT and vitrinite reflectance data. For the Eagle Plain Permian sample, three kinetic populations give two well-resolved | | Carboniferous, Triassic-Jurassic, and Albian-Cenozoic burial. Within the region, remnant Triassic strata overlie
heating/cooling phases; Permian-Early Jurassic burial followed by exhumation and then Albian-Cenozoic || Devonian rocks. This part of the northern Yukon is geologically-complicated and well suited for multi-kinetic AFT
burial/exhumation. This Permian well sample was obtained from 80 m below the pre-Cretaceous unconformity. Note | | studies as illustrated by these two examples. These results demonstrate how multi-kinetic AFT analysis,
the highly retentive kinetic parameters and associated total annealing temperatures for kinetic populations 2 and 3. constrained using elemental data, can extend the time-temperature range and resolution of thermal histories in
comparison to conventional methods.

1 : Publications in this series have not been edited; they are released as
Geological Survey of Canada, 3303-33rd Street NW, Calgary, Alberta T2L 2A7 Canada submitted by the author.

Presented at Thermo 2018: 16th International Conference on Thermochronology, Quedlinburg, Germany
Date presented: September 20-21, 2018

2 : :
GeoSep Services, 1521 Pine Cone Road, Moscow, Idaho 83843 U.S.A. © Her Majesty the Queen in Right of Canada, as represented by the Minister

of Natural Resources, 2018

For information regarding reproduction rights, contact Natural Resources
Canada at nrcan.copyrightdroitdauteur.rncan@canada.ca.

For more information, please contact D.R. Issler (dale.issler@canada.ca). Permanent link: https://doi.org/10.4095/311302 modelling of multikinetic apatite fission-track data using elemental data; Geological Survey of

Natural Resources Ressources naturelles Canada, Scientific Presentation 94, 1 poster. https://doi.org/10.4095/311302 Canada
Canada Canada This publication is available for free download through GEOSCAN

(http://geoscan.nrcan.gc.ca/).

Recommended citation
Issler, D.R., Lane, L.S., and O’Sullivan, P.B., 2018. Characterization, interpretation, and




	Page 1



