The Thellier Tool: A new software for analyzing absolute paleointensity determinations
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Abstract - Data format, user interface and plots Correcting magnetomineralogical changes Detecting multidomain bias
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The Thellier Tool is an intuitive and easy-to-use software which provides the laboratory field  coordinates ~ e4ding If alteration checks are continuously and subsequently performed over the When employing the Thellier method for paleointensity determination,
possibility to al_walyze_ a wide range of dlf_ferent modl_ﬂcatlons of the. Thell[er ) bearing  plunge  direction of dip. dip entire experimental temperature range and assuming that alteration happens thepTRMisacquired by heatingasampleto T,withT,<T. andapplyinga
absolute paleointensity experiment. Beside the Arai plot for paleointensity predominantly below the temperature of the respective check, a method can laboratory field during cooling from T, to T, (pTRM*). Significant
determination, orthogonal projections of the direction, decay of NRM during ) P o S R be used to correct for magnetomineralogical changes during laboratory differences between pTRM* and pTRM, where T, is reached by cooling
thelrtr_1(1:|al dfamar('_?nelzlzatlm?3 | ar;fl1 add|t|<3cnal _plo’ffs riﬁardmgl_taltegqtlg_n 'danc: T owent 20.00 1090,8 295.6 -42.8 NRM treatment (Valet et al., 1996; Leonhardt et al., 2003). For this technique, the fromT,, areobserved (Shcherbakovetal., 1993). Thisdiscrepancy leads
200.00 3734.2 302. -42. th | d tizati TH : : H- H . . . / . T .
mult O_ma|_n CNEeCKS er)a € the user to visualize e_ quall Y_ or Individua ﬁgii 00 11 3;72.4 203 g _j6é e;?isit?g?]agfne{ﬁ\/;ogé ) cumulative sum of the individual differences between checks and associated to failures of Thellier’s laws of mdependence and add|t|v|ty which are
determinations. Experimental checks for magnetomineralogical changes ’ sl il % - i % !
R e : L : uated 2 4 t% i MGHL  200.13 3738.2 256.5 -42.6)  pTRMtallcheck (TR) PTRM* values up to heating step i-1 is subtracted from the measured pTRM only fulfilled for magnetic grains showing single domain (SD) character
Slff i Iet t?'lr e dp T|§Mic S a_r?t_ eva_ U?: s regir ng ellr MGH1 250.11 3303.9 300.2 -33.9 PT value at step i. Such correction is conducted by selecting the view option and, therefore, an equality between unblocking (T,,) and blocking (T,)
lrrerences to the correspondin acquisitaon in two most common 1 300.00 3447.4 297.4 -42.1 TH ' ; ; ' *_ :
- i P gp P g T g y - S e e o check corrected (Figure 2b), resulting in a recalculation of pTRM temperatures. Checks for failures of both laws are supported by the
used ways. Furthermore, a measure for the cumulative alteration dirferences MGE1 340.00 3284.2 297.9 -42.3 TH acquisition values and all dependent vector subtractions. The class is ThellierTool.
beginning at room temperature is calculated and the possibility to correct for Data G 20.12 2984.2 293.1 34.7) infield pTRM".check (CK) extended by a star (e.g. A*) if check correction is selected. A further
magnetomineralogical Changes IS prOVided. Two different experimental MGH1 250:14 3059:2 296,.5 —37:2 additivity check (AC) fundamental requisite for this correction method is the absence of MD
: : : MGH1 370.00 3146.1 297.1 -42,0 TH Independencycheck
methods to check for multidomain bias are suppfrte_d and analyzed by the MGHL 370.11 3811.8 298.7 -51.8 PT remanence, since such remanence biases also the pTRM*-checks used for
Zoftwar‘?. In;entsrllwccl:!|ffe£_ence;sdrfefcorded By PTRM 'ta'll_ Ccrllledl:)(s =l Ca:c_CL'I?tedc-l o S0l aLes.t 2082 Tea T L cumulative difference calculations (Leonhardt et al., in press). The tail of the pTRM* leads to an acquisition of remanence for T,, > T.,.
Ncli:{cl\cfl)u?tlﬁg or Ie tlrr]ec |f(1)cnat_ ! e_FeR'R/ICfte.chwede'lapp.'ed d grta;]tor); 'Ile anf . ooz aeos. ] 2os.s 2l o . _ The curvature in the Arai diagram, as well as the alteration checks and
_O : esamp €, theernecuvep _ aliils e_ chimined an dSilial U.r.eS:O MGH1 340.14 2886.8 300.6 -38.3 AC before correction after correction the pTRM*-taiI checks are affected by the intensity difference and the
Thellier's law of independence are monitored. Failures of the law of additivity, . . i
experimentally observed by Efldd.|t|_v|ty checks, are aIs_o eva|uate_d by the Fig. 1: Example input file format of a zero-field first, in-field alteration check Thellier %) NRM (- 2187 mavm) wocfigore 1 *) NRM (+ 2137 mAim) natural ambient field and the laboratory [#
software. The vector nature of individual measurements is fully considered for experiment. The data of the Thellier measurement is given in 5 columns: Column 1 contains the 1.0- 100°G, 300°C & 1,0,100%C _300°C 430-1 field (Leonhardt et al in press) T L
all calculations. Uniform selection criteria for acceptance and rejection of sample name (maximum length of 16 characters), column 2 the temperature (in °C) and type of 5@ "y go 1oexhaut According to the phenz)menological J Sd
determinations can be applied and a set of such criteria with emphasize on measurement, column 3 the intensity (In'mA/m), column 4 the declination and’column/>the ! del of Leonhardt et al. (i th £
minimal bias due to alteration. multidomain remanence and analvsis inclination in core coordinates. The decimal digits of the temperature value (column 2) indicate N ey model of Leonhardt et al. (in press), the 2 TR step,”
: ) / y the type of measurement: .00 (or .0) stands for thermal demagnetization, .11 (or .1) denotes _ e U high-T tail can be estimated by: S
inaccuracies are suggested. pTRM* acquisition, .12 (or .2) defines the pTRM*-check, .13 (or .3) repeated demagnetization os adocc ﬁ/ f o5 . 47 -d
/ steps and .14 (or .4) indicates additivity checks. ' _ ' t*=|Hy/H., (dZ-dH/tanAb)] TH step
| ©  550°C as long as A6 > 0. d(t*) is calculated by 20,7
/ S 430-1 normalizing t* to NRMt (Fig. 6). / H
== = (@) s a) " Fig. 3: Available plots of the 15708 4T _ |
s || R R, ThellierTool. (a) the NRM/TRM Y 05 0o %% 05 10 a) Lava FN-Q3 (Brazil) b) Model of PSD-like sample
r“_r*— owr fom o o - diagram, (b) the orthogonal PTRM (* 4423 mA/m) PTRM (* 4736 mA/m) independency check  pTRM*-tail check independency check  pTRM®*-tail check
L 2l el projection of the demagneti- - ) ) — — s s e
i o i b zation data, (c) the decay Fig. 5: In (@) magnetomineralogical changes above 400°C are present as indicated by deviating defta t* [%] detta TR %] | ot s 1ol defia R (%)
R et s diaaram and ,(d) additional blot pTRM*-checks. The repeated demagnetization steps show no significant influence of MD rema- [ | ‘ 5t
— et ed [335 [T [f056 g PIOLS, - ; oz = “ . * A@ — 44° - —0 —
ot o which are the difference nence for this example. After check correction, the additivity checks coincide with the pTRM r
cane N/ T B between the applied field values indicating successful correction and a linear segment covering most of the blocking
;ggzaagéggﬁgi,ﬂ%{—j’% j N ) 00 STRM (50456, mAm) - direction and the direction of the temperature spectrum is obtained. Note that similar intensities are obtained in (a) and (b) 100 Qégmsgcioé?o 500 600 700 Qégmsgcioé?o 500 600 100 2%% gégcz]léo 500 100 2%% gégcz]léo 500
1Rl E ! acquired pTRM*, the individual N S o O
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- : : v | | H corrected for the angular _ _ _ _
: H”HW = s | difference between applied field Per default all calculations are done using full vector subtraction. If view o o o o
g _ o, L1l |and NRM, and the intensity option z-comp only (Figure 2b) is selected, the vector subtraction is e e T el T o Remp P Remp
- W I B S géggrﬁgt?z%tiobnegvxdeerg efa:trscT done !3Y using 0n|Y_t_he values for the e red_ z-component (in core Fig. 6: (a) Vectors of the first demagnetization step (TH-step) and the repeated
. e 9 e demagnetization P coordinates), requiring that the applied field is parallel to the core demagnetization step (TR-step) which is affected by a pTRM*-tail (t*). The laboratory field is
m 1 o ' coordinate z-component of the sample. All parameters are then applied along the z-axis. Due to the tail, the repeated magnetization differs by dZ (= z, - z;)
Iculated and dH (= V(X + Yo,) - VX~ + Y-)) from the original vector, where x, y, z are the remanence
. o . o . recalculated. _ _
Fig. 2: The main window. The form view on the right side contains the results and several components in sample coordinates of the TH and TR step. A6 denotes the angle between
options regarding the data analysis. (a) contains the laboratory field and selected temperature applied field and the remaining NRM of the first demagnetization step. In (b) and (c)
interval. Four different view options are available (b), Arai plot, Zij plot, Decay diagram, and comparisons of pTRM*-tail checks (Riisager et al., 2001) and directional corrected tail checks
Additional plOtS. Raw data, as well as the used alteration check method are shown on the lower / (independency Checks) are shown. For Thellier determinations from lava flow FN-Q3
left of the form view (c). In inset (d) the obtained paleointensity value, as well as statistical Calculated pa rameters (Leonhardt et al., 2003) and a PSD-like model (Leonhardt et al., in press), d(t*) gives similar
paramgterlsl‘o ar|1d Iother detelrminatiTonb rdeslults a(;e shc;vlvn-TI]heVSave resdults tt)nutton writes rc]>r values for two different A, whereas the pTRM*-tail check gives different values. Positive d(t*)
appends all calculation results to a Tab-delimited text-file. The View raw data button opens the : : .. . . - indi iciti il in directi iad fi i
Tﬁzllierdata i Notenad P » N: number of succesive points in linear segment. d(CK) the difference between pTRM*-check and related pTRM* values indicate an acquisition of a tail in direction of the applied field. Negative values cannot be
pad. o _ acquisition, normalized to TRM related to tails and point rather to alteration or stabilization processes during repeated heating
‘ std/slope: standard deviation versus slope of linear segment. X . steps affecting temperature ranges above the actual heating step.
‘CriteriaforclassAandBdeterminations‘ x| . f . . . ¢ DRAT: I|ke d(CK) bUt nOFmahzed tO the Iength Of the Se|eCted L
EIT_si:Eﬂ;rﬁmiteria ElT_Si:EEarﬁmiteria I:rljsslild o y g, q. fraCtIOH Of NRM (f), gap faCtOl’ (g), qua“ty faCtOr (CI) are Segment (Selkln and Tauxe, 2000) Add't'V'ty CheCk
Murnber of paints [M] »= |5— Murnber of points [M] »= |5— n-:iZL:isnytI:EI-;rsmsn;t::rnEwcr:tCeria.DES CaICU|ated aCCOFdlng tO Coe (1 978)- . d I - I c h k | h I ] ff f
Standard deviation [Std] == Ir Standard deviation [Std] »= W |fOI‘ modification of the criteria data‘ o W' Wel ht|n faCtor (W) Of Prévot et a| (1 985) (pa )I CUmU at|Ve C eC error, re ated tO t e Cumu atlve dl erence O L. , " .
Fraction of NRM (f] = e Fraction of NRM [f] = R Eriteriafile.‘./ - g g : ' the individual checks from room temperature up to the maximum For the add|t|V|ty check (Krasa et aI., 2003) a pITRM (TO,Ti) 1S
Qudyfectore>= [ ||| | | OQuvfecis 'S‘LED”:;'T':”‘E’;M == *  NRMeEt:. The “true” NRM (NRMt) is the intersection between linear fit temperature used for the selected linear segment. The correction subsequently demagnetized to T, (T, < T,). Vector subtraction is then
e[| e mraram— and y-axis. method for magnetomineralogical changes which uses the cumulative conducted between these measurements without prior isolation of the
oo - [ ||| W e[| || Lres iy minin -  TRM: the intersection between linear fit and x-axis. sum of alteration dlffer_ences_ IS apphe.d to the selected segment and the pTRM*, Using this technique, any previous tail bias is subtracted as well.
Alpha <= 939 Alpha <= 933 C quality factor [q) . Inc Dec MAD' I I t D I t d . I CheCk Corrected paIeO|ntenS|ty Va|Ue IS Compared tO the nOn-COlTeCted Thls add|t|V|ty Check Value can then be Compared to the Isolated
Alteration criteria Alberation criteria B —— .’ . J . '. nciina Ion’ . ec Ilna Io.n’ an maXIm.um .angu ar Value. d(pal) IS the ratlo Of uncorrected tO Corrected paleOIntenSIty pTRM*(T T ) Thus the measurement as We” as the Calculation are
Relative check sror CK) <= [§ ||| | | Relaive check e d10K) <= [T ||| o0 corectionin case of MT4: deviation for an origin-anchored line fit of first demagnetization steps normalized to the uncorrected value. _ 47 = b ’ _
Eumulativecheckdiff:d[pal]<=|5— Eumulativecheckdiff:d[pal]<=|T | | Egjsﬁai;ﬁptinnfnrautnmatic (USIﬂg pl’lﬂCIplG Component anaIyS|S) . . . . . . eVIdently the Same aS for Zero_fleld pTRM*_CheCkS. Due to the added
piaence o0« [ ||| | Ofesnosiato e e ’ ; ’ ' * d(TR): intensity difference of first and repeated demagnetization step sensitivity to remanences with T, < T, of the additivity check a
Repeated demagnetization steps Repeated demagnetization steps General Yiew Options ¢ Inc y Dec y MAD : non_anChored direCtiOnal reSUH:S. normalized to NRMt- ) ) . ub b N
ettt ey <o [ ||| | Nomaatatorotent aeyce [ || oo . Inha: ar diff h hored and H .« d(t*) relati £ the “true” tail . Leonh comparison of in-field pTRM*-checks and additivity checks enables one
- oo b s sy d p_a. angular difference between anchored and not-anchored ( ) relative extend of the “true” tail according to Leonhardt et al. to recognize failures of Thellier’s law of additivity.
Relative intensity diff <= [0 Relative intensity diff <= 20 ”Qbmh i solution. 2004.
itieity checks itieity checlks Chan gs ,the style of X s . c . . 0 C ° . . .
e — e — the Arai diagram + class: quality grade assigned by determination criteria. d(theta). angle between applied field and NRM of the sample
Caresl = . type: * d(Inc): inclination difference of first and repeated demagnetization
Wi : :
_ N . - _ T MTO: Thellier-type method without any checks step. /Rf
ilth 6 WS Gl bele s e S RE e IR G EE N AR C S Sl Eife B1s MT1: “Field-off first" method with pTRM*-checks * d(AC): difference between additivity check and related pTRM* 3 e e o e o ot A Tl T i, e, o, o o
experimental checks can be specified in this dialog. Itis possible to define a maximum of three MT2: “Field-on first" method with bTRM*-checks it lized to TRM Lo, £, K 008 Co il bcavordte Tl gk Asbsmeohgon s Do Kb s gt D s
different quality grades using specific criteria for classes A and B, as well as an authors choice C MT3: Method MT1 includi TRI\BI* | check ACqUIsIion, hormalizeC 1o | B o o e e Bt T
if at least one parameters exceeds class A and B criteria. : Metho Inciuding p -tail checks T et et ot et lcon s G . 50162161953

MT4: Method MT1 including pTRM*-tail checks and additivity checks
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