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1.! Introduction$
It$has$been$known$for$at$least$a$century$that$the$intensity$of$Earth’s$magnetic$field$is$not$
constant$over$archaeological$time$scales,$but$instead,$varies$with$time.$Yet,$the$accepted$
working$paradigm$regarding$the$past$several$millennia$has$been$that$the$intensity$of$the$
field$ranged$from$about$half$to$about$1.5$times$the$present$field$and$that$measurable$
changes$in$field$intensity$occur$on$periods$of$few$centuries$(Yang$et$al.,$2000,$Tauxe$and$
Yamazaki,$2007;$Genevey$et$al.,$2008).$However,$it$has$been$only$recently$recognized$that$
changes$in$field$intensity$(paleointensity,$for$short)$can$be$faster$and$stronger$than$
previously$assumed$(BenPYosef$et$al.,$2009;$Shaar$et$al.,$2011,$2015).$The$most$dramatic$
illustration$of$paleointensity$variations$is$“geomagnetic$spikes”,$short$subPcentennial$
episodes$of$extreme$high$field$values.$Geomagnetic$spikes$ca.$1000$BCE$were$recovered$
from$Iron$Age$slag$deposits$in$Timna$and$Faynan$(BenPYosef$et$al.,$2009;$Shaar$et$al.,$2011),$
and$they$possibly$mark$the$climax$of$a$longer$period$with$unusually$high$field$anomaly$in$
the$Levant.$$

Given$a$new$working$hypothesis$stating$the$paleointensity$variations$can$be$large$and$fast,$
we$have$started$some$years$ago$a$multiPinstitutional$project$aimed$at$reconstructing$
paleointensity$variations$in$the$Levant$from$archaeological$resources.$This$interPdisciplinary$
multiPinstitutional$project$gathers$archaeologists$and$geophysicists$from$several$institutes,$
including$TelPAviv$University,$The$Hebrew$University$of$Jerusalem,$Scripps$Institution$of$
oceanography,$and$the$University$of$California$SanPDiego,$among$others.$The$project$is$
designed$to$deliver$in$the$long$run$a$comprehensive$high$resolution$paleointensity$dataset$
that$can$be$used$for$both$geophysical$exploration$of$the$origin$of$Earth’s$magnetic$field$
(geodynamo),$and$archaeomagnetic$dating.$$

Tel$Megiddo$is$the$first$tell$in$Israel$to$be$investigated$systematically$for$paleointensity.$To$
date,$this$effort$includes$analyses$of$forteen$strata$from$the$Bronze$to$Iron$Age.$We$report$
here$the$results$of$the$first$phase$of$this$onPgoing$project.$An$accompanying$article$
discussing$the$geophysical$implications$of$the$study$is$published$elsewhere$(Shaar$et$al.,$
2015b).$!
The$explicit$objectives$of$the$project$at$Tel$Megiddo$are$twofold.$First,$we$aim$at$utilizing$
the$precise$high$resolution$chronoPstratigraphy$of$Tel$Megiddo$in$order$to$obtain$precise$
high$resolution$paleointensity$record$of$the$Bronze$and$Iron$Age.$Second,$we$aim$at$



standardizing$the$paleointensity$procedure$throughout$all$stages$of$research,$from$selecting$
the$samples,$preparing$them$for$measurements,$laboratory$protocols,$and$finally$data$
analyses.$By$establishing$a$standard$working$routine$we$seek$to$put$a$robust$methodological$
platform$for$a$longPterm$large$scale$research.$

2.! Methods$

2.1.!Samples$ 

We$collected$66$pottery$vessels$from$11$strata$(JP4,$JP6,$FP13,$FP10,$KP8,$KP6,$HP9,$HP7,$HP5,HP
3)$and$five$cooking$ovens$(tabuns)$from$four$strata$(KP9,$HP12,$QP4,$QP5).$These$baked$clay$
objects$are$capable$of$recording$a$magnetic$signal$on$cooling,$and$retaining$a$
Thermomagnetic1Remanent1Magnetization1(TRM)$from$which$paleointensity$information$
can$be$retrieved$(see$below).$From$each$stratum$we$collected$at$least$four$vessels.$When$
possible,$we$preferred$thin,$well$sorted$finePgrained,$thoroughly$burnt$pottery$sherds$from$
whole,$or$restored$vessels.$Preference$was$given$to$domestic$cheap$vessels$as$it$is$more$
likely$that$these$vessels$were$manufactured$near$the$site,$and$best$fit$the$chronological$
context$of$the$archaeological$stratum$from$which$they$were$found.$The$pottery$samples$
were$collected$from$storehouses$located$at$the$Institute$of$the$Archaeology,$Tel$Aviv$
University,$and$from$the$Israel$Antiquities$Authority.$$

Samples$were$prepared$by$breaking$each$potsherd$(i.e.$sample)$into$4P10$smaller$fragments$
(i.e.$specimens).$Each$specimen$was$wrapped$in$glass$filter$paper$and$glued$inside$a$glass$
vial,$12mm$in$diameter,$using$Potassium$Silicate$(KASIL)$glue.$Measurements$were$carried$
out$at$the$paleomagnetic$laboratory$of$Scripps$Institution$of$Oceanography$(SIO),$University$
of$California$San$Diego,$using$laboratory$built$paleointensity$ovens,$and$at$the$
paleomagnetic$laboratory$of$the$Institute$of$Earth$Sciences,$the$Hebrew$University$of$
Jerusalem$(HUJI),$using$a$modified$ASC$TDP48$oven$(Shaar$et$al.,$2010).$$

2.2.!Brief$outline$on$the$paleointensity$method$

The$basic$assumption$underlying$the$ThellierPThellier$paleointensity$method$(Thellier$and$
Thellier,$1959)$is$that$TRM$(magnetization$acquired$on$cooling)$is$quasiPlinearly$proportional$
to$the$intensity$of$the$field$(B)$in$which$it$was$acquired:$

(!"# = %&').$$$$$Equation$1$
The$laboratory$procedure$in$the$Coe$variant$of$the$Thellier$method$(Coe$et$al.,$1967)$is$
illustrated$in$Figure$1.$The$procedure$involves$a$series$of$double$heating$steps$at$
progressively$elevated$temperatures$through$which$the$ancient$TRM$(TRManc)$is$gradually$
replaced$by$a$laboratory$TRM$(TRMlab)$acquired$in$a$controlled$field$(Blab).$The$
measurements$through$this$procedure$are$plotted$on$a$soPcalled$“Arai$plot”$(Nagata$et$al.,$
1963)$displaying$the$ancient$TRM$(gradually$erased)$on$the$yPaxis$and$the$laboratory$partial$
TRM$(pTRM)$(gradually$acquired)$on$the$xPaxis$(Figure$1).$First,$the$natural$remanent$
magnetization$(NRM)$of$the$specimen$(assumed$to$be$thermal$in$origin)$is$measured$and$
plotted$on$the$intercept$of$the$yPaxis$of$the$Arai$plot$(Figure$1a).$Then,$the$specimen$is$
heated$to$temperature$T1$under$a$null$magnetic$field$(“zerofield”).$This$procedure$
demagnetizes$part$of$the$ancient$TRM$(Figure$1b).$The$specimen$is$then$heated$again$to$T1,$
but$cooled$in$the$presence$of$controlled$field$Blab$(“infield”)$leading$to$an$acquisition$of$
laboratory$pTRM.$Using$vector$arithmetic,$the$portions$of$TRMancient$“remaining”$and$
pTRMlaboratory$“acquired”$are$calculated$and$the$point$T1$(pTRM$remaining$versus$pTRM$
acquired)$is$plotted$on$the$Arai$plot$(Figure$1bPc).$These$double$heating$steps$continue$at$



increasingly$elevated$temperatures,$where$at$every$second$step$we$run$an$“alteration$
check”$(Coe$et$al.,$1978),$by$which$we$repeat$an$“infield”$step$$at$a$lower$temperature$
(triangles$in$Figure$1d).$This$step$tests$whether$alteration$of$the$ferromagnetic$minerals$had$
occurred$by$heating$the$sample.$Finally,$after$completing$all$the$steps$(usually$10P15$
different$temperatures$are$required),$the$nature$of$the$Arai$plot$can$determine$whether$a$
paleointensity$can$be$calculated.$If$the$plot$conforms$an$ideal$straight$line,$as$shown$in$
Figure$1e,$then$from$the$slope$of$the$line$(equal$to$!"#()*+,)- !"#.(/01(-012

%$),$the$
paleointensity$is$calculated$by:$

'()*+,)- = 34567% ∙ %'.(/01(-012$$ $$$Equation$2$

In$this$study$we$follow$the$IZZI$variant$of$the$Thellier$method$(Tauxe$and$Staudigel,$2004),$
by$which$the$order$of$the$“infield”$and$the$“zerofield”$alternate$in$each$succeeding$step.$
Also,$we$carry$out$two$additional$experiments$for$calculating$a$correction$for$TRM$
anisotropy$(e.g.$Selkin$et$al.,$2000)$and$for$the$effect$of$cooling$rate$(e.g.$Genevey$and$
Gallet,$2002).$The$anisotropy$correction$compensates$for$the$dependency$of$TRM$on$the$
magnetic$fabric$(as$the$direction$of$Blab$is$different$than$Banc).$The$cooling$rate$correction$
compensates$for$the$dependency$of$TRM$on$cooling$rate$(the$ancient$cooling$time$was$
many$hours,$while$in$the$lab$cooling$takes$place$only$20P40$minutes).$$

A$complete$paleointensity$procedure$is$a$process$requiring$30$to$50$heating$steps,$each$
takes$1P2$hours$(for$a$batch$of$54P72$specimens).$This$time,$combined$with$the$time$
required$to$measure$the$specimens$makes$the$ThellierPThellier$method$laborious$and$time$
consuming.$The$time$and$the$effort$built$into$the$laboratory$protocol$is$perhaps$the$main$
weakness$of$the$method.$$

2.3.!Standardizing$data$analyses$procedure$$
One$of$the$most$difficult$paleointensity$methodological$problems$to$deal$with$concerns$data$
analysis.$Here,$in$addition$to$the$Arai$plot,$we$use$‘Zijderveld’$plots$(Zijderveld,$1967)$of$
Cartesian$components$(x,y,z)$of$the$zero$field$steps,$plotted$as$x$versus$y$and$x$versus$z$as$in$
the$insets$to$$Figure$2.$$The$root$of$the$data$analysis$problem$is$that$often$specimens$do$not$
yield$ideal$straight$lines$in$both$the$Arai$and$the$Zijderveld$plots$as$in$Figure$2a.$Instead,$
there$may$be$a$linear$or$quasiPlinear$segments$that$could$be$interpreted$differently$by$
different$researchers.$The$problem$of$ambiguity$in$the$interpretation$inserts$considerable$
noise$to$the$published$paleointensity$database.$To$address$this$problem$Shaar$and$Tauxe$
(2013)$developed$a$computer$program$for$automatic$interpretation.$This$program$is$capable$
of$analyzing$many$thousands$of$specimens$(the$long$term$target$of$the$project)$in$a$
consistent,$objective,$and$reproducible$fashion,$while$calculating$robust$error$estimations$of$
the$results.$For$more$details$see$Shaar$and$Tauxe$(2013)$and$Shaar$et$al.$(2015a).$To$make$
the$automatic$interpretation$meaningful,$the$user$has$to$choose$specific$criteria$for$
screening$out$only$the$most$“reliable”$results$(e.g.$Figure$2a$or$similar).$This$is$done$by$a$set$
of$statistics$defined$in$Shaar$and$Tauxe$(2013)$and$Paterson$et$al$(2014).$Figures$2bPd$shows$
some$examples$of$specimens$failing$the$criteria$used$in$this$study.$Figure$2b$shows$an$Arai$
plot$with$only$partial$linear$segment;$Figure$2c$shows$a$zigzagged$nonPlinear$pattern;$Figure$
3d$shows$nonPlinear$Zijderveld$plots$in$the$inset$(see$Paterson$et$al.,$2014$for$definitions).$$

A$discussion$of$the$various$paleointensity$statistics$and$the$acceptance$criteria$is$beyond$the$
scope$of$this$article.$Yet,$for$the$sake$of$completeness$we$list$in$Table$1$the$criteria$used$in$
this$study.$For$more$details$see$Paterson$et$al$(2014)$and$Shaar$et$al$(2015b).$



3.! Results$
In$total$we$analyzed$388$specimens$collected$from$66$pottery$samples$and$5$ovens.$Of$
these,$297$specimens$and$39$samples$passed$our$selection$criteria,$which$are$significantly$
stricter$than$what$is$commonly$sued$in$paleointensity$studies.$This$yields$success$rates$of$
77%$at$the$specimen$level$and$60%$at$the$sample$level.$Table$2$lists$sample$level$
paleointensity$(average$of$at$least$3$specimens).$Figure$3$plots$sample$means$versus$age$
where$pottery$data$are$shown$in$red$and$ovens$are$shown$in$green.$There$is$an$agreement$
between$data$obtained$from$pottery$and$ovens$supporting$the$reliability$of$the$procedures$
and$the$materials.$$

We$note$some$interesting$features$in$the$data$shown$in$Figure$3.$The$field$intensity$before$
ca.$1800$BCE$was$30P50$μT,$that$is,$of$the$order$of$today’s$field$(45$μT$at$Megiddo).$After$a$
local$minimum$at$the$18th$century,$the$field$gradually$increased,$and$from$the$13th$century$
onward$the$field$reached$very$high$values$of$between$50P95$μT$(Figure$3b).$The$climax$of$
this$high$field$episode$has$a$double$peak$shape:$a$local$maximum$at$ca.$1000$BCE$(stratum$
HP9),$a$local$minimum$during$the$9th$century$(stratum$HP7)$and$a$second$maximum$at$ca.$
735$BCE$(just$before$the$destruction$layer$HP3).$The$two$peaks$at$HP9$and$HP3$are$
characterized$with$a$large$scatter$of$the$data$suggesting$that$the$field$changed$rapidly$
during$the$time$interval$represented$by$the$layers.$

4.! Discussion$
Toward$a$master$Levantine$Archaeomagnetic$Compilation$(LAC)$$

One$essential$contribution$of$the$Tel$Megiddo$paleointensity$project$is$delivering$some$
useful$methodological$improvements.$To$emphasize$these$improvements,$we$show$in$
Figure$4$all$published$paleointensity$data$from$the$Levant.$The$picture$from$the$entire$
legacy$data$is$complicated,$noisy,$and$shows$some$significant$discrepancies.$This$is$not$
surprising$considering$the$variability$of$the$legacy$data$in$experimental$methods,$laboratory$
protocols,$interpretation$and$error$estimation$approaches,$selection$criteria,$averaging$
schemes,$and$assessment$of$anisotropy$and$cooling$rate$corrections.$In$addition,$some$
legacy$data$employed$different$and$sometime$contradicting$and$irreproducible$dating$
methodologies$and,$in$cases,$outdated$chronologies.$$

We$recall$that$our$longPterm$goal$is$to$provide$a$consistent$and$coherent$paleointensity$
curve$for$archaeomagnetic$dating$and$geodynamo$research.$Hence,$in$an$effort$to$minimize$
paleointensity$uncertainties$in$Figure$4$we$adopt$the$automatic$interpretation$technique$
(Shaar$and$Tauxe,$2013)$and$construct$a$new$compilation$namely$“Levantine$
Archaeomagnetic$Compilation”$(LAC).$To$minimize$dating$uncertainties$we$apply$in$the$LAC$
an$“Age$Quality”$index$following$BenPYosef$et$al.,$2008ab,$whereby$only$“grade$1”$
(“Excellent$dating$quality”)$are$included.$The$combined$dataset$from$all$the$studies$
published$by$our$research$group$(BenPYosef$et$al.,$2008ab,$2009;$Shaar$et$al.,$2011,$
2015a,b)$is$analyzed$using$the$criteria$in$Table$1,$and$displayed$in$Figure$5$in$color$symbols.$
As$the$local$intensities$are$dependent$of$the$site$latitude$the$field$values$(measured$in$tesla)$
are$converted$to$Virtual$Axial$Dipole$Moments$(VADMs,$see$Tauxe$et$al.,$2010)$–$the$
strength$of$a$hypothetical$bar$magnet$centered$in$the$Earth$(given$in$units$of$magnetic$
moment,$Am2)$and$aligned$with$the$spin$axis$that$would$give$rise$to$the$geomagnetic$field$
intensity$observed$at$the$site$latitude.$For$comparison,$we$also$plot$in$open$black$symbols$
the$data$from$Syria$(Genevey$et$al.,$2003;$Gallet$et$al.,$2005,$2006,$2008,2014,$2015;$Gallet$
and$Butterlin,$2015;$Stillinger$et$al.,$2015).$These$Syrian$data$were$published$without$the$



measurement$data$and$cannot$be$rePinterpreted$using$our$criteria$and$automatic$
procedure.$The$main$reasons$for$not$including$in$Figure$5$all$the$published$datasets$shown$
in$Figure$4$are$problematic$correlation$between$the$Mesopotamian,$Israeli,$and$the$
Egyptian$chronologies,$and$insufficient$(or$problematic)$experimental$and$chronological$
information.$$

Figure$5$displays$a$coherent$and$consistent$picture$of$the$geomagnetic$field$behavior$in$the$
first$three$millennia$BCE,$where$the$Mesopotamian$and$the$Israeli$datasets$show$excellent$
agreement$in$periods$where$they$overlap,$and$mutually$complement$each$other$in$others.$
During$the$first$half$of$the$3rd$millennium$BCE$the$field$was$relatively$low;$in$the$second$half$
of$the$3rd$millennium$BCE$the$field$reached$VADM$values$of$up$to$110$ZAm2$and$then$
gradually$decreased$to$a$local$minimum$at$ca.$1800$BCE.$From$ca.$1800$BCE$the$field$
intensity$increased$until$the$doublePpeaked$maximum$shown$in$Figure$5b.$$

Looking$at$Figure$5,$one$may$ask$why$the$LAC$data$points$(colored$symbols)$are$not$exactly$
the$same$values$as$those$published$in$our$previous$articles$(BenPYosef$et$al.,$2008a,b;$2009;$
Shaar$et$al.,$2011).$This$issue$is$most$apparent$in$the$Iron$Age$(Figure$5b)$and$is$the$direct$
result$of$our$new$standardized$interpretation$protocol$in$which$we$prefer$the$automatic$
(objective)$procedure$over$of$the$previous$manual$(subjective)$interpretation$approach.$
Also,$we$treat$all$samples$identically,$thus$comparing$“apples$with$apples”,$and$apply$
selection$criteria$(Table$1)$that$are$much$stricter$then$we$used$in$our$previous$publications.$
We$underline$the$point$that$the$LAC$depends$on$the$acceptance$criteria,$and$if$one$chooses$
to$use$different$criteria$than$the$ones$listed$in$Table$1,$the$paleointensity$estimations,$and$
the$resulting$LAC$paleointensity$curve$will$be$slightly$different.$$

$

5.! Summary$

•! Tel$Megiddo$is$the$first$tell$in$Israel$to$be$systematically$analyzed$for$paleointensity.$
This$is$our$first$attempt$to$use$wellPdated$multiPstrata$site$for$constructing$a$regional$
paleointenisty$variation$curve.$$

•! We$report$39$new$paleointensity$estimations$covering$the$Bronze$and$the$Iron$Age.$

•! The$new$data$from$Tel$Megiddo$is$consistent$with$contemporaneous$data$obtained$
from$pottery$(Tel$Hazor)$and$slag$(Timna,$Feynan,$and$Cyprus).$Tel$Megiddo$also$
shows$excellent$agreement$with$paleointensity$data$derived$from$Mesopotamian$
sites$in$Syria.$$

•! The$overall$paleointensity$data$from$the$Levant,$with$the$significant$contribution$of$
Megiddo$illustrate$only$moderate$scale$variations$in$field$intensity$during$the$third$
and$the$second$millennia$BCE.$Yet,$after$a$local$minimum$at$ca.$1800$BCE$with$values$
similar$to$today’s$field,$the$field$showed$a$fast$increase$until$an$exceptionally$high$
doublePpeaked$maximum$spanning$between$the$10th$and$the$8th$centuries$BCE.$The$
high$field$period$was$accompanied$by$at$least$two$geomagnetic$spikes:$one$at$ca.$
980$BCE$(BenPYosef$et$al.,$2009;$Shaar$et$al.,$2011),$and$another$at$the$beginning$of$
the$8th$century$BCE$(new$data$from$HP3$destruction$layer).$

•! One$of$the$main$future$challenges$in$Levantine$archeaomagnetism$is$using$the$
method$described$here$for$producing$much$more$high$resolution$data$that$can$be$



used$in$the$longPrun$as$a$robust$master$curve$for$archaeomagnetic$paleointensity$
dating.$$$$
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Figure$1:$Schematic$illustration$of$the$Coe$variant$of$the$Thellier$method$(see$text$for$details).$$
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$
Figure$2:$Representative$result$showing$Arai$plots$(see$text)$and$orthogonal$Zijderveld$plots$(insets)$of$different$pottery$
fragments.$a)$Ideal$Arai$and$Zijderveld$plots$showing$straight$line.$Paleointensity$can$be$calculated$without$ambiguity$
from$the$slope$of$the$Arai$plot.$bPd)$Examples$of$results$that$were$rejected$by$our$strict$acceptance$criteria:$b)$Arai$plot$
is$only$partly$linear;$d)$A$scattered$nonPlinear$Arai$plot;$d)$NonPlinear$Zijderveld$plots.$$

a. ideal result
Striaght Arai and Zijderveld plots

b. Fail fraction statistic (FRAC).
Only part of the Arai plot is straight

c. fail scatter statistic (SCAT)
Arai plot is not straight enough

e. fail MAD / DANG
Zijderveld plot is not straight enough 

Zijderveld plot

Arai plot



$

Figure$3:$Paleointensity$results$from$Tel$Megiddo.$Red$(green)$error$bars$denote$for$pottery$vessels$(Tabuns).$Redrawn$
from$Shaar$et$al.$(2015b).$(b)$is$the$magnification$of$the$rectangle$in$(a).$$



$
Figure$4:$All$the$legacy$published$paleointensity$data$from$the$Levant$unsorted.$The$overall$data$demonstrate$significant$
discrepancies$compared$to$the$new$compilation$shown$in$Figure$5.$



$

Figure$5:$A$$new$compilation$of$the$Levantine$paleointensity$data$(only$the$sites$shown$in$Figure$6).$Colored$symbols$
denote$for$data$interpreted$for$this$study$using$the$automatic$interpretation$technique$of$Shaar$and$Tauxe$(2013)$and$
the$criteria$listed$in$Table$1.$Black$open$symbols$are$published$results$from$Syria.$Local$intensity$data$(latitude$
dependent)$are$transformed$to$Virtual$Axial$Dipole$Moment$(VADM)–the$geomagnetic$dipole$moment$that$would$give$
rise$to$the$observed$intensity$at$the$given$latitude.$The$picture$shows$significant$improvement$from$the$Legacy$data$
shown$in$Figure$4.$$

Tel Megiddo, pottery (this study)
Tel Megiddo, oven (this study)
Tel Hazor (Shaar et al., 2015)
Timna-30 (Shaar et al., 2011)
Mitsero Kokkinoyia (Shaar et al., 2015)
Khirbat en Nahas (Ben-Yosef et al., 2009)
Published data from Syria

today’s axial dipole moment
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Figure$6:$Location$map$for$the$data$shown$in$Figure$5.$$
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Table$1:$Acceptance$criteria$$

Criteria$group$ Statistic Threshold$
value Description Referenceb 

Specimen$
paleointensitya$

FRAC$ 0.79$ Fraction$parameter$ [1]$

β$ 0.1$ Scatter$parameter$ [2],[3]$

SCAT$ True$ Scatter$parameter$ [1]$

NPTRM$ 2$ Number$of$pTRM$checks$  

n$ 4$ number$of$data$points$$  

MAD$ 5$ Maximum$Angular$Deviation$of$
the$zero$field$steps$ [4]$

DANG$ 10$ Deviation$Angle$ [5]$

alteration$check$
(correction)$ 5%$

Alteration$check$in$NonPLinearP
TRM,$TRM$anisotropy,$and$
cooling$rate$experiments$

 

Sample$
paleointensity$

Nmin$ 3$   

Nmin_aniso_corr$ at$least$half$of$
the$specimens$

Minimum$number$of$specimens$
with$anisotropy$correction$  

Nmin_cr_corr$ 1$ Minimum$number$of$specimens$
with$cooling$rate$correction$  

σ$ σ$<$$3 µT$OR$
σ%$<$8%$

Standard$deviation$of$the$sample$
mean$  

anisotropy$sample$
test$ 1%$

If$the$mean$anisotropy$
correction$of$all$the$specimens$
from$the$same$sample$is$higher$
than$5%$then$specimens$without$

anisotropy$correction$are$
discarded$

 

Specimen$
direction$$ MAD$ 5$ Maximum$Angular$Deviation$ [4]$

Sample$direction$
N$ 8$ minimum$number$of$specimens$

for$mean$calculation$  

Κ$ 50$ Fisher$precision$parameter$ [6]$
$

a$For$a$complete$description$and$definitions$see$Paterson$et$al.$(2014)$(http://www.paleomag.net/SPD/)$
b$[1]:$Shaar$and$Tauxe$(2013);$[2]:$Coe$et$al.,$(1978);$[3]:$Selkin$and$Tauxe$(2000)$$[4]:$Kirschvink$(1980);$[5]$
Tauxe$and$Staudigel$(2004);$[6]$Fisher$(1953)$

 

 



Table$2:$Paleointensity$data$(shown$in$Figures$3,5)$

stratum$ Age$
(BCE)$ sample$

Megiddo$
reference$ n$ B$±$σ$ VADM$±$σ$ B$error$

envelope$
VADM$error$
envelope$

H"03$
740'
(800"
732)$

mgh03b$ 94/H/067/VS'1'
' 5$ 75.09±2.59$ 142.0±4.9$ 66.8"83.5$ 126.3"157.9$

mgh03f$ 94/H/008/VS'1' 5$ 81.08±2.54$ 153.3±4.8$ 71.4"89.2$ 135.0"168.7$

mgh03g$ 96/H/060/VS'2' 8$ 93.49±4.76$ 176.8±9.0$ 83.0"104.7$ 157.0"198.0$
mgh03h$ 94/H/075/VS'2' 7$ 76.04±3.19$ 143.8±6.0$ 68.6"83.6$ 129.7"158.1$
mgh03i$ 98/H/006/VS'2' 6$ 79.90±1.21$ 151.1±2.3$ 69.3"86.3$ 131.0"163.2$

mgh03j$ 96/H/005/VS'1' 3$ 89.87±0.26$ 169.9±0.5$ 80.4"91.9$ 152.0"173.8$

H"07$
900'
(950"
850)$

mgh07b$ 06/H/78'Vs'8' 4$ 74.61±2.11$ 141.1±4.0$ 70.2"81.0$ 132.7"153.2$

mgh07d$ 06/H/26'Vs'4' 5$ 67.84±2.41$ 128.3±4.6$ 59.3"77.5$ 112.1"146.6$

Q"05$
900'
(950"
850)$

mgq05t1PI$ Square'C/5''L.'
10/Q/126' 3$ 68.65±0.69$ 129.8±1.3$ 62.4"81.2$ 118.0"153.5$

mgq05t2PI$ Square'G/5''L.'
10/Q/131' 6$ 64.14±1.27$ 121.3±2.4$ 61.3"72.4$ 115.9"136.9$

H"09$
1000'
(1050"
950)$

mgh09h$ 08/H/35'Vs'3' 5$ 66.54±0.30$ 125.8±0.6$ 65.3"69.8$ 123.5"132.0$

mgh09j$ 08/H/13'Vs'1' 4$ 73.79±0.04$ 139.5±0.0$ 71.7"76.0$ 135.6"143.7$
mgh09k$ 06/H/55'Vs'11' 5$ 82.89±0.14$ 156.7±0.2$ 71.5"86.0$ 135.2"162.6$
mgh09l$ 08/H/019/VS'4' 4$ 79.33±0.42$ 150.0±0.8$ 75.2"88.5$ 142.2"167.4$

mgh09m$ 08/H/34'Vs'5' 6$ 67.08±2.71$ 126.8±5.1$ 61.1"70.5$ 115.5"133.3$

H"12$
1125'
(1150"
1100)$

mgh12t1PI$
'

5$ 63.20±1.86$ 119.5±3.5$ 56.9"67.8$ 107.6"128.2$

K"06$
1130'
(1130"
1180)$

mgk06a$ 04K/44'Vs'6' 6$ 66.38±0.91$ 125.5±1.7$ 59.6"75.3$ 112.7"142.4$

mgk06b$ 04/K/19'Vs'3' 3$ 62.34±2.99$ 117.9±5.6$ 55.2"69.1$ 104.4"130.7$
mgk06c$ 04/K/44'Vs'3' 5$ 62.50±2.25$ 118.2±4.2$ 56.3"66.6$ 106.5"125.9$

mgk06d$ 04/K/42'Vs'2' 5$ 59.87±0.89$ 113.2±1.7$ 53.9"64.2$ 101.9"121.4$

K"08$
1250'
(1300"
1200)$

mgk08a$ 06/K/043/VS'6' 5$ 59.60±1.02$ 112.7±1.9$ 57.4"65.8$ 108.5"124.4$
mgk08b$ 06/K/012/VS'5' 5$ 58.26±3.51$ 110.2±6.6$ 52.9"64.4$ 100.0"121.8$

mgk08c$ 06/K/012/VS'7' 4$ 62.86±0.27$ 118.9±0.5$ 56.8"67.6$ 107.4"127.8$
mgk08e$ 06/K/090/VS'5' 5$ 55.60±0.83$ 105.1±1.6$ 51.0"60.4$ 96.4"114.2$

K"09$
1350'
(1400"
1300)$

mgk09t1PI$
Square'P/10/11'

3$ 52.35±3.99$ 99.0±7.5$ 48.0"56.3$ 90.8"106.5$

F"10$
1450'
(1500"
1400)$

mgf10a$ 98/F/071/VS'2' 4$ 49.81±0.52$ 94.2±1.0$ 46.9"53.3$ 88.7"100.8$
mgf10b$ 98/F/087/VS'1' 5$ 50.01±2.78$ 94.6±5.2$ 46.1"54.4$ 87.2"102.9$

mgf10d$ 98/F/099/VS'3' 4$ 52.07±2.31$ 98.5±4.4$ 47.3"57.4$ 89.4"108.5$

F"13$ 1800'
(1900"

mgf13b$ 00/F/123/VS'1' 7$ 38.43±1.95$ 72.7±3.7$ 34.4"42.1$ 65.1"79.6$
mgf13d$ 00/F/123/VS'1' 6$ 42.70±0.98$ 80.7±1.8$ 40.4"46.1$ 76.4"87.2$



1700)$ '

mgf13e$ 00/F/092/VS'1' 7$ 42.01±2.89$ 79.4±5.5$ 39.1"44.9$ 73.9"84.9$

mgf13f$ 00/F/092/VS'4' 4$ 42.83±0.22$ 81.0±0.4$ 39.3"46.9$ 74.3"88.7$

J"04$
3000'
(3100"
2900)$

mgj04a$ 98/J/021/VS'5' 3$ 31.87±1.09$ 60.3±2.0$ 28.8"33.6$ 54.5"63.5$
mgj04b$ 98/J/021/VS'1' 5$ 42.34±2.65$ 80.1±5.0$ 38.5"46.9$ 72.8"88.7$

mgj04d$ 96/J/056/VS'8' 8$ 35.27±2.29$ 66.7±4.3$ 31.7"39.0$ 59.9"73.7$

J"06$
2750'
(2700"
2800)$

mgj06a$ 04/J/072/VS'2' 4$ 38.42±2.97$ 72.7±5.6$ 35.4"41.7$ 66.9"78.9$
mgj06b$ 04/J/050/VS'2' 3$ 39.25±0.10$ 74.2±0.2$ 35.0"42.3$ 66.2"80.0$

mgj06c$ 04/J/072/VS'1' 4$ 40.41±1.26$ 76.4±2.4$ 37.8"46.3$ 71.5"87.6$
mgj06d$ 04/J/096/VS'1' 3$ 37.02±0.07$ 70.0±0.1$ 35.7"40.9$ 67.5"77.3$

$
 


