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	 The	official	 tourism	site	of	Santa	Fe	describes	San-
ta	Fe,	New	Mexico,	as	“a	magical,	exuberant,	colorful	
journey	 at	 any	 time	 of	 year”,	 and	 it’s	 no	wonder	 that	
Subir	Banerjee	liked	the	city	so	much	that	he	wanted	to	
permanently	host	 the	 IRM	conference	on	 rock	magne-
tism	there.	Many	years	have	passed	since	that	decision	
was	made	and	 this	year	marked	 the	11th	occurrence	of	
the	conference,	not	counting	the	international	meetings	
held	at	Erice	(Italy),	Cargése	(Corsica),	and	Utrecht	(The	
Netherlands).
	 As	always,	 the	meeting	was	funded	by	the	National	
Science	Foundation	with	generous	donations	from	Lake	
Shore	Cryotronics,	Quantum	Design,	2G	Enterprises	and	
Frontiers.	The	support	allows	the	Santa	Fe	meeting	to	be	
free	of	charge	to	conference	participants,	with	room	and	
board	 also	 included	 in	 the	 package.	Most	 importantly,	
the	format	of	the	conference	is	different	from	most	meet-
ings,	with	four	topical	half-day	sessions	convened	by	in-
vited	scientists.	The	conveners	then	invite	3-4	speakers	
to	 give	 15-30	minute	 “lead-talks”,	 followed	 by	 ample	
time	 for	 discussion.	 Probably	 unique	 to	 the	 Santa	 Fe	
conference	are	the	keynote	talks,	presented	by	renowned	
scientists	whose	 expertise	 lies	 outside	 of	 rock	magne-
tism,	but	directly	pertains	and	complements	specific	re-
search	within	our	community.	Last	but	not	 least,	Santa	
Fe	conferences	are	capped	at	50	participants,	ensuring	a	
collegial	atmosphere	and	strong	interactions	during	and	
outside	of	 the	 sessions.	A	pre-conference	fieldtrip	 also	

serves	this	purpose	and	provides	the	far-travelled	partici-
pants	the	opportunity	to	get	over	jet-lag	while	admiring	
the	local	geology	and	archaeology	before	the	conference	
kicks-off.	St.	John’s	College	has	always	served	the	con-
ference	 very	 well,	 providing	 a	 relatively	 intimate	 and	
low-key	ambiance	for	a	hassle-free	experience.
	 This	year’s	conference	was	preceded	by	a	Thursday	
field	trip	to	the	Bandelier	National	Monument.	An	area	
inhabited	 by	 ancient	 Pueblo	 people	 between	 1150	 and	
1600	 AD,	 who	 excavated	 and	 built	 structures	 in	 and	
around	the	Bandelier	ash-flow	tuff,	the	product	of	a	1.1	
Ma	eruption,	which	resulted	 in	 the	collapse	of	 the	cal-
dera	 and	 producing	 the	Valles	Caldera.	Younger	 rhyo-
litic	products	(<	100	ka)	erupted	within	the	caldera	are	
“dear”	 to	 paleomagnetists	 because	 they	 recorded	 the	
Jaramillo	 geomagnetic	 sub-chron,	 which	 provided	 the	
evidence	utilized	by	Vine	to	confirm	the	Vine-Matthews	
and	Morley	hypothesis	of	seafloor	spreading	and	conti-
nental	drift.	The	field	 trip	ended	with	a	 (group)	photo-
opportunity	from	the	Coyote	Call	trailhead/	outlook	spot	
within	 the	Valles	Caldera,	and	 to	admire	 from	afar	 the	
famous	rhyolite	domes	and	the	extent	of	the	caldera.
	 The	conference	proper	kicked-off	on	Thursday	night	
with	a	welcome	by	IRM	director	Bruce	Moskowitz,	who	
also	introduced	the	first	keynote	speaker,	Ron	Walsworth	
of	Harvard	University.	Ron	delivered	a	captivating	talk	
on	“Quantum	Diamond	Sensors”,	their	development	by	
his	team,	the	functioning	principles	and	the	many	appli-
cations,	 including	for	magnetic	 imaging	purposes.	Ron	
also	 shared	 his	 vision	 for	 making	 the	 QDM	 technol-
ogy	broadly	 available	 across	 the	 country	 and	 resulting	

The 11th Santa Fe Conference on Rock Magnetism

Group	foto	taken	at	the	Coyote	Call	trailhead/	outlook	spot	within	the	Valles	Cal-
dera	during	the	pre	conference	field	trip.	Photo:	Anita	Di	Chiara
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Environmental magnetism of lake sedi-
ments from Xochimilco sub-basin, to the 
south of Mexico City
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The	Xochimilco	sub-basin
	 One	of	the	most	productive	and	sustainable	agricul-
tural	systems	in	the	world,	called	chinampa	or	‘floating’	
garden,	was	developed	by	Pre-Hispanic	civilizations	in	
the	middle	of	 the	flooded	 lands	of	 the	 ancient	Mexico	
City	basin.	As	the	Metropolitan	Area	of	Mexico	City	has	
disorderly	grown	and	engulfed	the	southern	lands	of	the	
Xochimilco	lake,	where	the	last	relicts	of	chinampas	ex-
ist,	the	region	has	been	registered	at	the	UNESCO	World	
Heritage	List	to	protect	them	from	disappearing	(UNES-
CO,	2013,	pp.	192-194).	The	Xochimilco	sub-basin,	to	
the	south	of	the	Mexico	City	basin,	is	an	enclosed	volca-
nic	basin	where	the	ancient	Xochimilco	lake	was	devel-
oped.	Nowadays,	just	a	small	flooded	area	still	remains.	
The	paleoenvironmental	studies	in	the	Mexico	City	ba-
sin	 help	 us	 to	 better	 understand	 the	 natural	 context	 of	
the	civilizations	before	historic	human	modification	and	
the	climate	changes	in	the	center	of	Mexico	during	the	
Pleistocene	and	Holocene.

Lab	procedures	at	the	IRM
	 A	 nearly	 16-meter	 sedimentary	 sequence	 from	 the	
Xochimilco	 sub-basin	 was	 sampled	 in	 8-cm3	 plastic	
cubes	 every	five	 centimeters	 to	 conduct	 a	high-resolu-
tion	 paleoenvironmental	 reconstruction.	 The	 samples	
were	brought	to	the	IRM	and	hysteresis	loops	and	back-
fields	were	measured	in	VSMs	in	all	samples	to	obtain	
the	 hysteresis	 parameters,	 calculate	 different	magnetic	
ratios	 and	 perform	magnetic	 unmixing.	 Room-temper-
ature	FORC	and	remanence-in-function-of-temperature	
measurements	were	also	run	in	selected	samples,	repre-
sentative	of	 the	different	 sedimentary	 facies.	Magnetic	
unmixing	 was	 performed	 on	 MAX	 UnMix	 software	
(Maxbauer,	Feinberg,	&	Fox,	2016)	using	detailed	100-
step	log-spaced	backfields	with	a	maximum	field	of	1.1	
T.	 FORC	diagrams	were	 processed	 on	FORCinel	 3.06	
(Harrison	&	Feinberg,	2008).	Remanence	measurements	
in	 function	of	 temperature	were	performed	as	 follows:	
1)	cooling	from	300	K	to	10	K	in	the	presence	of	a	2.5	
T	field	(FC)	and	subsequent	measuring	of	the	remanence	
on	warming	back	to	300	K;	2)	after	cooling	to	10	K,	in	

absence	of	magnetic	field	(ZFC),	a	2.5	T	field	SIRM	was	
applied	and	the	remanence	was	measured	on	warming	to	
300	K;	3)	a	room	temperature	saturation	isothermal	mag-
netization	(RTSIRM)	was	imparted	with	a	2.5	T	field	and	
the	remanence	was	then	measured	upon	cooling	to	10	K	
(RTSIRM	cooling)	and	on	warming	back	to	300	K	(RT-
SIRM	warming).

Results
	 The	 HIRM	 (e.g.	 Thompson	 &	 Oldfield,	 1986)	 and	
Hcr	profiles	are	plotted	in	Figure	1	as	hard	mineralogy	
proxies,	along	with	normalized	bulk	magnetic	suscepti-
bility	(χlow)	as	an	indicator	of	the	abundance	of	magnetic	
particles	by	means	of	sediment	runoff	from	the	basin	to	
the	lake.	Also,	Ca/Ti	ratio	(an	indicator	of	authigenic	car-
bonate	precipitation),	which	was	measured	in	the	Labo-
ratory	of	Paleoenvironments	at	the	UNAM,	is	presented.	
HIRM	and	χlow	covariate	closely	all	along	the	sedimenta-
ry	sequence.	As	an	absolute	magnetization	value,	HIRM	
is	 affected	directly	by	 the	 abundance	of	magnetic	 par-
ticles	 in	 the	samples,	but	Hcr	 is	not.	The	 latter	param-
eter	shows	a	similar	trend	as	HIRM	and	χlow,	hence	the	
hard	mineralogy	phases	appear	to	enter	the	lake	with	the	
runoff	material.	The	Ca/Ti	ratio	also	covariates	with	the	
magnetic	 parameters	 from	 the	 bottom	 of	 the	 sequence	
up	 to	4.5	meters	 of	 depth.	This	 could	be	 a	misleading	
result	because	 the	authigenic	carbonate	precipitation	 is	
favored	when	the	lake	level	decreases,	which	is	assumed	
to	 happen	 in	 lower	 precipitation	 regimes.	A	 better	 un-
derstanding	of	this	phenomena	will	require	information	
from	additional	experiments.	From	4.5	meters	up	to	the	
surface	of	the	sequence,	the	Ca/Ti	ratio	inversely	covari-
ates	with	 the	magnetic	 parameters.	This	 change	 in	 co-
variation	 has	 been	 observed	 in	 other	 sub-basins	 inside	
the	Mexico	City	basin,	suggesting	a	regional	change	of	
climatic	controlling	factors	rather	than	changes	of	local	
environmental	conditions.
	 More	 detailed	 results	 from	 samples	 at	 3.45	 (upper	

Figure	 1.	 Selected	 magnetic	 and	 geochemical	 profiles.	 The	
pattern	 of	 covariation	 of	 the	 four	 parameters	 changes	 at	 ap-
proximately	4.5	meters	of	depth.	This	may	be	attributable	 to	
a	change	of	the	climatic	controlling	factors	in	the	Xochimilco	
sub-basin.	Dashed	 lines	 indicate	 depths	 of	 the	 samples	with	
high	(3.45	m)	and	low	(8.6	m)	HIRM	and	Hcr	values;	detailed	
results	of	these	samples	are	presented	in	Figure	2.
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sample)	 and	 8.6	 (lower	 sample)	 meters	 depth,	 corre-
sponding	to	relatively	high	and	low	values	of	HIRM	and	
Hcr	(dashed	lines	in	Figure	1),	respectively,	are	present-
ed	in	Figure	2.	
	 The	FORC	diagram	of	the	upper	sample	(Figure	2A)	
shows	diverging	contours	above	30	mT,	a	MD–like	be-
havior	 (Roberts,	Pike,	&	Verosub,	2000).	Even	 though	
also	SP–like	features	can	be	observed,	namely	the	con-
tours	are	not	symmetrical,	 the	main	peak	is	 lower	than	
~10-20	mT	and	a	vertical	contour	plots	in	the	lower	left-
hand	portion	of	the	diagram.	The	wide	spreading	of	the	
contours	 along	 Bc-axis	 (~450	mT)	 indicates	 the	 pres-
ence	of	a	high	coercivity	mineral,	possibly	hematite,	as	
a	similar	FORC	diagram	was	observed	by	Ahmadzadeh,	
Romero,	&	McCloy	(2018)	in	a	commercial	mixture	of	
99%	hematite	+	1%	magnetite.	The	lower	sample	has	a	
very	 low	 intensity	and,	as	a	 result,	 the	FORC	diagram	
was	 noisy	 (Figure	 2B).	 The	 diverging	 pattern	 of	 the	
contours	is	not	as	clear	as	in	the	upper	sample,	but	it	is	
present	 in	all	 the	contours.	The	main	peak	occurs	near	
the	origin,	 around	10	mT.	We	conclude	 that	 this	 is	 at-
tributable	to	a	MD-state	magnetite	component.	There’s	a	
secondary	peak	around	100	mT	which	is	slightly	moved	
below	the	Bc-axis	and	is	indicative	of	hematite.	
	 Unmixing	of	the	upper	sample	(Figure	2C)	shows	two	
components	with	mean	coercivities	(Bh)	of	2.17	 log10	
units	(~148	mT)	and	1.57	log10	units	(~37	mT);	disper-
sion	 parameters	 (DP)	 of	 0.31	 and	 0.44;	 and	 observed	
contributions	 (OC)	 to	 the	 total	 coercivity	 distribution	
of	 75%	 and	 25%,	 respectively.	Additionally,	 the	 low-
coercivity	 component	 showed	 a	 skew-left	 distribution,	
with	 S=0.87.	 We	 interpret	 the	 high-coercivity	 (High-
Bh)	component	as	hematite,	as	suggested	by	the	FORC	
diagram.	Both	 the	IRM	demagnetization	curve	and	 the	
coercivity	 distribution	 (dM/dlog	 B)	 (Figure	 2C)	 are	
very	similar	to	the	99%	hematite	+	1%	magnetite	mix-
ture	mentioned	above	(Figure	4a	in	Ahmadzadeh	et	al.,	
2018),	strengthening	the	interpretation	of	hematite	in	the	
sample.	For	the	low-coercivity	(Low-Bh)	component	we	
have	interpreted	it	as	partially	oxidized	titanomagnetites,	
with	 different	 degree	 of	 oxidation.	The	 relatively	 high	
DP	 of	 a	 secondary	 component	 with	 similar	 Bh	 (1.51)		
has	been	 interpreted	as	 the	 result	of	an	 increase	of	 the	
range	of	coercivities	due	to	partial	(or	full)	oxidation	of	
magnetite	 (Maxbauer	 et	 al.,	 2016).	Unmixing	 couldn’t	
be	performed	for	the	lower	sample	as	the	data	was	too	
noisy	for	the	derivation	process.
	 The	 normalized	 curves	 for	 measurements	 of	 rema-
nence	 in	 function	 of	 temperature	 are	 shown	 in	 Figure	
2.	Remanences	for	FC	and	ZFC	curves	are	normalized	
to	the	remanence	at	10	K	of	the	FC	sequence.	RTSIRM	
curves	are	normalized	to	the	SIRM	at	300	K	before	cool-
ing.	A	first	observation	is	the	lack	of	Verwey	transition	
(TV)	in	FC	and	ZFC	curves	from	both	samples,	as	point-
ed	out	by	 their	first	derivatives	(dashed	lines	 in	Figure	
2D	and	E).	It	is	slightly	visible	on	the	RTSIRM	cooling	
curve	of	the	3.45-m	sample,	around	106	K.	The	lower-
ing	of	 the	 temperature	of	 transition,	 the	suppression	of	
the	 transition	on	FC/ZFC	curves	and	 the	humpiness	of	
RTSIRM	curves,	especially	on	cooling,	could	be	due	to	

Figure	2.	FORC	diagrams	of	the	A)	upper	(3.45	m)	and	B)	low-
er	(8.6	m)	samples.	Dashed	box	in	A	shown	as	an	inset.	C)	Un-
mixing	of	the	upper	sample.	FC,	ZFC	and	RTSIRM	cycling	of	
the	D)	upper	sample	and	E)	lower	sample.	Gray	horizontal	line	
denotes	dM/dT=0.	TV:	Verwey	transition;	TM:	Morin	 transi-
tion.	Remanences	are	normalized	(see	text).	Note	that	the	scale	
is	 the	same	for	FC/ZFC	curves,	but	not	for	RTSIRM	curves.	
Arrows	denote	the	direction	of	temperature	change	while	mea-
surements	were	performed.
low-temperature	 oxidation	 (maghemitization)	 of	 mag-
netite	(Özdemir	&	Dunlop,	2010;	Özdemir,	Dunlop,	&	
Moskowitz,	 1993).	This	 observation	 supports	 the	 low-
Bh	component	hypothesis	in	the	unmixing.	Additionally,	
a	 slight	 decrease	 of	 the	 derivative	 of	 the	 RTSIRM	 on	
cooling	points	towards	a	Morin	transition	(TM)	around	
220	K,	supporting	the	presence	of	hematite	particles.	The	
upper	sample	shows	a	separation	of	FC	and	ZFC	curves	
up	to	300	K	and	an	increase	of	remanence	upon	cooling	
of	RTSIRM,	 two	 features	 observed	 in	 high	 coercivity,	
unsaturated	materials,	 namely	 goethite	 (Guyodo	 et	 al.,	
2006;	Rochette	&	Fillion,	1989).	Even	more,	Guyodo	et	
al.	(2006)	confirmed	the	presence	of	this	mineral,	mixed	
with	magnetite	and	hematite,	on	natural	samples	with	re-
markably	similar	FC	and	ZFC	curves	than	the	one	here	
presented	for	the	upper	sample.	On	the	other	hand,	the	
FC/ZFC	curves	of	 the	 lower	sample	are	highly	 revers-
ible,	 indicating	no	 substantial	difference	of	FC	against	
ZFC	 routines.	 During	 warming,	 approximately	 60%	
of	 the	magnetization	 is	 lost	 below	50	K,	 and	 the	final	
relative	 remanence	 is	 just	 5%	of	 the	 initial,	 indicating	
that	 the	mineralogy	 is	 dominated	by	minerals	with	 re-
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manence	at	low	temperatures,	but	that	are	paramagnetic	
at	 room	 temperature.	 The	 large	 increase	 of	 RTSIRM	
upon	cooling,	nearly	a	 two-fold	 increase	 (note	 the	dif-
ferent	scaling	in	Figure	2E),	suggests	again	the	presence	
of	a	magnetically	unsaturated	material.	Similar	behavior	
was	observed	by	Lagroix	&	Guyodo	(2017)	in	synthetic	
goethite	 powder	 composed	 of	 micrometer	 size	 needle	
crystals	(30x350	nm).	As	the	samples	analyzed	here	are	
natural	and	possibly	mixtures	of	different	magnetic	min-
erals,	we	expect	deviations	from	the	results	of	synthetic	
materials.	Finally,	in	both	samples,	there’s	an	initial	loss	
of	remanence	(below	T	<	50	K)	on	the	FC/ZFC	curves	
that	is	characteristic	of	superparamagnetic	nanoparticles	
(Reynolds	et	al.,	2014).
	 For	 the	Xochimilco	sub-basin,	some	magnetic	mea-
surements	 (initial	 χ,	ARM,	 hysteresis	 parameters,	 k-T	
measurements)	had	been	reported	to	date	(Ortega-Guer-
rero	et	al.,	2018).	More	detailed	characterization	of	the	
mineralogy	and	domain	state	lacked	for	this	sub-basin,	
hence	a	more	complete	interpretation	of	the	environmen-
tal	and	climatic	conditions	that	controlled	the	deposition,	
source	 and	 transformation	 of	 the	magnetic	mineralogy	
can	be	now	assessed.
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https://whc.unesco.org/archive/2013/whc13-37com-8E-en.
pdf

Visiting Fellowship Awardees

Concragutulations to the 2019b Visiting Fellows!

Solomon	Akatakpo,	VF,	University	of	Texas	at	Dallas
Sebastian	Fearn,	USVF,	University	of	Wisconsin-Milwaukee
Daniel	Maxbauer,	VF,	Carleton	College
Congcong	Gai,	VF,	Australian	National	University
Min	Zhang,	VF,	Chinese	Academy	of	Sciences
Boris	Reznik,	VF,	Karlsruhe	Institute	of	Technology
Pablo	Calvín,	VF,	Universidad	de	Burgos
Jessica	Til,	VF,	University	of	Iceland

Visitor	Categories:
VF=	Visiting	Fellowship	(10	days)
USVF=	US	Student	Fellowship	(5	days)

ERRATUM
Jude	Osamor,	Imperial	College	was	erroneously	omitted	from	
the	 list	 published	 in	 the	 IRM	Q28-4.	 Jude	was	 a	VF	 in	 the	
2018a	period.
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Current Articles
A	list	of	current	research	articles	dealing	with	various	topics	in	
the	physics	and	chemistry	of	magnetism	is	a	regular	feature	of	
the	IRM	Quarterly.	Articles	published	in	familiar	geology	and	
geophysics	journals	are	included;	special	emphasis	is	given	to	
current	articles	from	physics,	chemistry,	and	materials-science	
journals.	Most	 are	 taken	 from	 ISI	Web	 of	Knowledge,	 after	
which	they	are		subjected	to	Procrustean	culling	for	this	news-
letter.	An	extensive	 reference	 list	of	articles	 (primarily	about	
rock	 magnetism,	 the	 physics	 and	 chemistry	 of	 magnetism,	
and	some	paleomagnetism)	is	continually	updated	at	the	IRM.	
This	list,	with	more	than	10,000	references,	is	available	free	of	
charge.	Your	contributions	both	to	 the	list	and	to	the	Current	
Articles	section	of	the	IRM	Quarterly	are	always	welcome.	

Archaeomagnetism
Aldazabal,	V.,	M.	Reinoso,	G.	Custo,	L.	Cerchetti,	E.	B.	Halac,	

G.	Polla,	and	E.	Freire	(2019),	Characterization	of	Natural	
Pigments	from	the	Archaeological	Context	of	Traful	Lake	
(Neuquen,	 Argentina),	 Latin	 American	 Antiquity,	 30(1),	
127-141.

de	Ferri,	L.,	F.	Mazzini,	D.	Vallotto,	and	G.	Pojana	(2019),	In	
situ	non-invasive	characterization	of	pigments	and	altera-
tion	products	on	 the	masonry	 altar	of	S.	Maria	 ad	Undas	
(Idro,	Italy),	Archaeological	and	Anthropological	Sciences,	
11(2),	609-625.

Eiselt,	B.	S.,	 J.	Dudgeon,	J.	A.	Darling,	E.	N.	Paucar,	M.	D.	
Glascock,	and	M.	K.	Woodson	(2019),	In-situ	Sourcing	of	
Hematite	Paints	on	 the	Surface	of	Hohokam	Red-on-Buff	
Ceramics	Using	Laser	Ablation	-	Inductively	Coupled	Plas-
ma	 -	Mass	 Spectrometry	 (LA-ICP-MS)	 and	 Instrumental	
Neutron	 Activation	 Analysis,	 Archaeometry,	 61(2),	 423-
441.

Gal,	A.,	 C.	 Ionescu,	M.	Bajusz,	V.	A.	Codrea,	V.	Hoeck,	 L.	
Barbu-Tudoran,	V.	Simon,	M.	Muresan-Pop,	and	Z.	Csok	
(2018),	 Composition,	 technology	 and	 provenance	 of	 Ro-
man	 pottery	 from	Napoca	 (Cluj-Napoca,	Romania),	Clay	
Minerals,	53(4),	621-641.

Giustetto,	R.,	D.	Gonella,	and	E.	Diana	(2018),	Decay	of	red	
pigments	 on	 a	wall	 painting	 adorning	 the	 church	 of	 'San	
Francesco	dei	Cappuccini'	in	racconigi	(italy):	archaeomet-
ric	survey	and	restoration	intervention,	Mediterranean	Ar-
chaeology	&	Archaeometry,	18(5),	65-80.

Kostadinova-Avramova,	M.,	and	N.	Jordanova	(2019),	Study	
of	cooling	 rate	effect	on	baked	clay	materials	and	 its	 im-
portance	for	archaeointensity	determinations,	Physics	of	the	
Earth	and	Planetary	Interiors,	288,	9-25.

Rose,	 T.,	 P.	 Telouk,	 S.	 Klein,	 and	 H.	 R.	 Marschall	 (2019),	
Questioning	Fe	isotopes	as	a	provenance	tool:	Insights	from	
bog	 iron	ores	and	alternative	applications	 in	archeometry,	
Journal	of	Archaeological	Science,	101,	52-62.

Sepulveda,	M.,	 F.	Gallardo,	B.	Ballester,	G.	Cabello,	 and	E.	
Vidal	(2019),	El	Condor	mine:	Prehispanic	production	and	
consumption	of	hematite	pigments	in	the	Atacama	Desert,	
northern	 Chile,	 Journal	 of	Anthropological	Archaeology,	
53,	325-341.

Suttie,	N.,	and	A.	Nilsson	(2019),	Archaeomagnetic	data:	The	
propagation	of	an	error,	Physics	of	the	Earth	and	Planetary	
Interiors,	289,	73-74.

Tema,	E.,	and	E.	Ferrara	(2019),	Magnetic	measurements	as	in-
dicator	of	the	equivalent	firing	temperature	of	ancient	baked	
clays:	New	results,	limits	and	cautions,	Journal	of	Cultural	
Heritage,	35,	64-75.

Environmental magnetism and Climate
Alexandrine,	N.,	N.	 Simon,	 and	N.	Gabriel	 (2019),	The	 late	

Pleistocene	-	Holocene	paleoclimate	 reconstruction	 in	 the	
Adamawa	 plateau	 (Central	 Cameroon)	 inferred	 from	 the	
geochemistry	 and	 mineralogy	 of	 the	 Lake	 Fonjak	 sedi-
ments,	Journal	of	African	Earth	Sciences,	150,	23-36.

Blake-Mizen,	K.,	R.	G.	Hatfield,	J.	S.	Stoner,	A.	E.	Carlson,	C.	
Xuan,	M.	Walczak,	K.	T.	Lawrence,	J.	E.	T.	Channell,	and	I.	
Bailey	(2019),	Southern	Greenland	glaciation	and	Western	
Boundary	Undercurrent	evolution	 recorded	on	Eirik	Drift	
during	the	late	Pliocene	intensification	of	Northern	Hemi-
sphere	glaciation,	Quaternary	Science	Reviews,	209,	40-51.

Carassai,	J.	J.,	E.	L.	C.	Lavina,	F.	Chemale,	and	T.	J.	Girelli	
(2019),	Provenance	of	Heavy	Minerals	for	the	Quaternary	
Coastal	Plain	of	Southernmost	Brazil	(Rio	Grande	do	Sul	
State),	Journal	of	Coastal	Research,	35(2),	295-304.

Haberzettl,	 T.,	 K.	 L.	 Kirsten,	 T.	 Kasper,	 S.	 Franz,	 B.	 Rein-
warth,	J.	Baade,	G.	Daut,	M.	E.	Meadows,	Y.	L.	Su,	and	R.	
Mausbacher	(2019),	Using	(210)pb-data	and	paleomagnetic	
secular	variations	 to	date	anthropogenic	 impact	on	a	 lake	
system	in	the	Western	Cape,	South	Africa,	Quaternary	Geo-
chronology,	51,	53-63.

Hatfield,	R.	G.,	B.	H.	Wheeler,	B.	T.	Reilly,	J.	S.	Stoner,	and	
B.	A.	Housen	(2019),	Particle	Size	Specific	Magnetic	Prop-
erties	Across	the	Norwegian-Greenland	Seas:	Insights	Into	
the	 Influence	 of	 Sediment	 Source	 and	 Texture	 on	 Bulk	
Magnetic	Records,	Geochemistry	Geophysics	Geosystems,	
20(2),	1004-1025.

Hirsch,	F.,	A.	Bonhage,	A.	Bauriegel,	A.	Schneider,	T.	Raab,	A.	
Raab,	and	S.	Gypser	 (2019),	The	occurrence,	 soil	param-
eters	and	genesis	of	rubified	soils	('Fuchserden')	of	north-
eastern	Germany,	Catena,	175,	77-92.

Jia,	J.,	Y.	J.	Wang,	D.	S.	Xia,	H.	Lu,	and	F.	Y.	Gao	(2019),	Dust	
Sources	of	Last	Glacial	Chinese	Loess	Based	on	 the	 Iron	
Mineralogy	of	Fractionated	Source	Samples,	Geophysical	
Research	Letters,	46(4),	2103-2110.

Kanu,	M.	O.,	O.	C.	Meludu,	N.	Basavaiah,	and	A.	S.	Oniku	
(2019),	Relationship	between	mineral	magnetic	properties	
and	soil	textural	parameters,	Acta	Geophysica,	67(2),	517-
532.

Koeksoy,	E.,	A.	Sundman,	J.	M.	Byrne,	R.	Lohmayer,	B.	Plan-
er-Friedrich,	 I.	Halevy,	K.	O.	Konhauser,	 and	A.	Kappler	
(2019),	Formation	of	green	rust	and	elemental	sulfur	in	an	
analogue	 for	oxygenated	 ferro-euxinic	 transition	zones	of	
Precambrian	oceans,	Geology,	47(3),	211-214.

Kusakabe,	M.,	R.	E.	Tiodjio,	B.	Christenson,	K.	Saiki,	T.	Ohba,	
and	M.	Yaguchi	(2019),	Enrichment	of	ferrous	iron	in	the	
bottom	water	of	Lake	Nyos,	Journal	of	African	Earth	Sci-
ences,	150,	37-46.

Mandic,	O.,	V.	Hajek-Tadesse,	K.	Bakrac,	B.	Reichenbacher,	
A.	Grizelj,	and	M.	Miknic	(2019),	Multiproxy	reconstruc-
tion	of	the	middle	Miocene	Pozega	palaeolake	in	the	South-
ern	 Pannonian	Basin	 (NE	Croatia)	 prior	 to	 the	 Badenian	
transgression	of	the	Central	Paratethys	Sea,	Palaeogeogra-
phy	Palaeoclimatology	Palaeoecology,	516,	203-219.

Mendez,	J.	C.,	and	T.	Hiemstra	(2019),	Carbonate	Adsorption	
to	Ferrihydrite:	Competitive	Interaction	with	Phosphate	for	
Use	in	Soil	Systems,	Acs	Earth	and	Space	Chemistry,	3(1),	
129-141.

Morales,	J.,	P.	F.	Z.	del	Valle,	E.	P.	Izazaga,	I.	R.	E.	Encinas,	M.	
M.	V.	Bucio,	A.	Goguitchaichvili,	and	Alcantara,	II	(2019),	
Rock-magnetic	 and	 paleomagnetic	 study	 on	 a	 27-m-long	
core	 from	Lake	 Chapala,	 western	Mexico:	 Paleoenviron-
mental	implications	for	the	last	10	ka,	Physics	of	the	Earth	
and	Planetary	Interiors,	289,	90-105.

Obreht,	I.,	C.	Zeeden,	U.	Hambach,	D.	Veres,	S.	B.	Markovic,	
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and	F.	Lehmkuhl	(2019),	A	critical	reevaluation	of	palaeo-
climate	proxy	records	from	loess	in	the	Carpathian	Basin,	
Earth-Science	Reviews,	190,	498-520.

Ortega-Guerrero,	 B.,	 M.	 A.	 Albarran-Santos,	 M.	 Caballero,	
I.	Reyes-Corona,	B.	Gutierrez-Mendez,	and	L.	Caballero-
Garcia	(2018),	Paleoambiental	reconstruction	of	the	Xochi-
milco	sub-basin,	central	Mexico,	between	18000	and	5000	
years	 cal	 before	 present,	 Revista	 Mexicana	 De	 Ciencias	
Geologicas,	35(3),	254-267.

Palermo,	P.,	M.	A.	Irurzun,	C.	S.	G.	Gogorza,	A.	M.	Sinito,	C.	
Ohlendorf,	 and	B.	Zolitschka	 (2019),	Rock-magnetic	 and	
paleomagnetic	 studies	 on	 late-Holocene	 sediments	 from	
Laguna	 Chaltel	 (Patagonia,	Argentina),	 Journal	 of	 South	
American	Earth	Sciences,	90,	204-215.

Peng,	J.,	X.	Q.	Yang,	J.	L.	Toney,	J.	Y.	Ruan,	G.	H.	Li,	Q.	X.	
Zhou,	H.	H.	Gao,	Y.	X.	Xie,	Q.	 Chen,	 and	T.	W.	 Zhang	
(2019),	 Indian	 Summer	Monsoon	 variations	 and	 compet-
ing	influences	between	hemispheres	since	similar	to	35	ka	
recorded	 in	Tengchongqinghai	Lake,	 southwestern	China,	
Palaeogeography	 Palaeoclimatology	 Palaeoecology,	 516,	
113-125.

Pierre,	T.	 J.,	A.	T.	Primus,	B.	D.	Simon,	Z.	Z.	Philemon,	G.	
Hamadjida,	A.	 Monique,	 N.	 J.	 Pierre,	 and	 B.	 D.	 Lucien	
(2019),	Characteristics,	classification	and	genesis	of	verti-
sols	under	seasonally	contrasted	climate	in	the	Lake	Chad	
Basin,	Central	Africa,	 Journal	 of	African	Earth	 Sciences,	
150,	176-193.

Pizarro,	H.,	 S.	Rousse,	R.	Riquelme,	E.	Veloso,	E.	Campos,	
R.	 Gonzalez,	 T.	 Bissig,	 S.	 Carretier,	A.	 Fernandez-Mort,	
and	S.	Munoz	 (2019),	The	 origin	 of	 the	magnetic	 record	
in	Eocene-Miocene	coarse-grained	sediments	deposited	in	
hyper-arid/arid	 conditions:	 Examples	 from	 the	 Atacama	
Desert,	 Palaeogeography	 Palaeoclimatology	 Palaeoecol-
ogy,	516,	322-335.

Rao,	P.	G.,	K.	S.	N.	Reddy,	C.	R.	Sekhar,	K.	B.	Naidu,	K.	N.	M.	
Krishna,	and	G.	V.	R.	Reddy	(2019),	Provenance	Studies	of	
Ilmenite	from	Red	Sediments,	Bhimunipatnam	Coast,	East	
Coast	of	India,	Journal	of	the	Geological	Society	of	India,	
93(1),	101-108.

Rotaru,	A.	E.,	N.	R.	Posth,	C.	R.	Loscher,	M.	R.	Miracle,	E.	Vi-
cente,	R.	P.	Cox,	J.	Thompson,	S.	W.	Poulton,	and	B.	Tham-
drup	(2019),	Interspecies	interactions	mediated	by	conduc-
tive	minerals	in	the	sediments	of	the	Iron	rich	Meromictic	
Lake	La	Cruz,	Spain,	Limnetica,	38(1),	21-40.

Rudmin,	M.,	A.	Mazurov,	and	S.	Banerjee	 (2019),	Origin	of	
ooidal	 ironstones	 in	 relation	 to	 warming	 events:	 Creta-
ceous-Eocene	Bakchar	deposit,	south-east	Western	Siberia,	
Marine	and	Petroleum	Geology,	100,	309-325.

Salamab-Ellahi,	 S.,	 B.	 Taghipour,	 and	 G.	 Mongelli	 (2019),	
Clayey	 bauxite	 from	 the	 Irano-Himalayan	 belt:	 Critical	
metals,	provenance	and	palaeoclimate	in	the	Upper	Creta-
ceous	Semirom	ore	deposit,	Zagros	Mountain,	Iran,	Journal	
of	Asian	Earth	Sciences,	172,	126-142.

Scholten,	L.,	C.	Schmidt,	P.	Lecumberri-Sanchez,	M.	Newville,	
A.	Lanzirotti,	M.	L.	C.	Sirbescu,	and	M.	Steele-MacInnis	
(2019),	 Solubility	 and	 speciation	 of	 iron	 in	 hydrothermal	
fluids,	Geochimica	Et	Cosmochimica	Acta,	252,	126-143.

Sebastian,	T.,	B.	N.	Nath,	M.	Venkateshwarlu,	P.	Miriyala,	A.	
Prakash,	P.	Linsy,	M.	Kocherla,	A.	Kazip,	and	A.	V.	Sijin-
kumar	(2019),	Impact	of	the	Indian	Summer	Monsoon	vari-
ability	on	 the	source	area	weathering	 in	 the	Indo-Burman	
ranges	during	the	last	21	kyr	-	A	sediment	record	from	the	
Andaman	 Sea,	 Palaeogeography	 Palaeoclimatology	 Pal-
aeoecology,	516,	22-34.

Shi,	Z.	M.,	X.	Y.	Wang,	Y.	Shi,	S.	J.	Ni,	Y.	Z.	Li,	D.	W.	Wang,	
and	R.	L.	Wang	(2019),	Impact	of	intensive	mining	on	the	
distribution	of	heavy	metals	in	water	and	sediment	of	An-

ning	 River,	 southwest	 China,	 Geochemistry-Exploration	
Environment	Analysis,	19(1),	24-30.

Soda,	K.,	and	T.	Onoue	(2019),	Multivariate	analysis	of	geo-
chemical	compositions	of	bedded	chert	during	the	Middle	
Triassic	(Anisian)	oceanic	anoxic	events	in	the	Panthalassic	
Ocean,	Geochemical	Journal,	53(2),	91-102.

Strbak,	O.,	and	D.	Dobrota	(2019),	Archean	Iron-Based	Metab-
olism	Analysis	 and	 the	 Photoferrotrophy-Driven	Hypoth-
esis	 of	Microbial	Magnetotaxis	 Origin,	 Geomicrobiology	
Journal,	36(3),	278-290.

Sudhakaran,	M.,	D.	Ramamoorthy,	V.	Savitha,	and	N.	Kiruba-
karan	Soil	Enzyme	Activities	and	Their	Relationship	with	
Soil	 Physico-Chemical	 Properties	 and	Oxide	Minerals	 in	
Coastal	Agroecosystem	 of	 Puducherry,	 Geomicrobiology	
Journal.

Sun,	Q.	L.,	Y.	Liu,	A.	 Salem,	L.	Marks,	 F.	Welc,	 F.	W.	Ma,	
W.	 G.	 Zhang,	 J.	 Chen,	 J.	 Jiang,	 and	 Z.	Y.	 Chen	 (2019),	
Climate-induced	 discharge	 variations	 of	 the	 Nile	 during	
the	Holocene:	Evidence	from	the	sediment	provenance	of	
Faiyum	Basin,	north	Egypt,	Global	and	Planetary	Change,	
172,	200-210.

Takahashi,	 S.,	 R.	 Nakada,	 Y.	 Watanabe,	 and	 Y.	 Takahashi	
(2019),	 Iron-depleted	 pelagic	 water	 at	 the	 end-Permian	
mass	extinction	inferred	from	chemical	species	of	iron	and	
molybdenum	in	deep-sea	sedimentary	rocks,	Palaeogeogra-
phy	Palaeoclimatology	Palaeoecology,	516,	384-399.

Van	Baak,	C.	G.	C.,	A.	Grothe,	K.	Richards,	M.	Stoica,	E.	Ali-
yeva,	G.	R.	Davies,	K.	F.	Kuiper,	and	W.	Krijgsman	(2019),	
Flooding	of	the	Caspian	Sea	at	the	intensification	of	North-
ern	Hemisphere	Glaciations,	Global	and	Planetary	Change,	
174,	153-163.

Vigliotti,	L.,	C.	Andrade,	M.	C.	Freitas,	L.	Capotondi,	A.	Galle-
rani,	and	L.	G.	Bellucci	(2019),	Paleomagnetic,	rock	mag-
netic	and	geochemical	study	of	the	1755	tsunami	deposit	at	
Boca	do	Rio	(Algarve,	Portugal),	Palaeogeography	Palaeo-
climatology	Palaeoecology,	514,	550-566.

Wang,	 J.	K.,	 J.	L.	Zhang,	and	J.	Xie	 (2018),	Analysis	of	 the	
Factors	that	Influence	Diagenesis	in	the	Terminal	Fan	Res-
ervoir	of	Fuyu	Oil	Layer	 in	 the	Southern	Songliao	Basin,	
Northeast	China,	Open	Geosciences,	10(1),	866-881.

Wang,	Y.	J.,	J.	Jia,	H.	Liu,	C.	C.	Lu,	D.	S.	Xia,	and	H.	Lu	(2018),	
The	magnetic	susceptibility	recorded	millennial-scale	vari-
ability	 in	 central	Asia	 during	 last	 glacial	 and	 interglacial,	
Geophysical	Journal	International,	215(3),	1781-1788.

Yamazaki,	 T.,	 Y.	 Suzuki,	 M.	 Kouduka,	 and	 N.	 Kawamura	
(2019),	Dependence	of	bacterial	magnetosome	morphology	
on	 chemical	 conditions	 in	 deep-sea	 sediments,	 Earth	 and	
Planetary	Science	Letters,	513,	135-143.

Yu,	W.	C.,	T.	J.	Algeo,	J.	X.	Yan,	J.	H.	Yang,	Y.	S.	Du,	X.	Huang,	
and	S.	 F.	Weng	 (2019),	Climatic	 and	 hydrologic	 controls	
on	upper	Paleozoic	bauxite	deposits	in	South	China,	Earth-
Science	Reviews,	189,	159-176.

Zan,	J.	B.,	X.	M.	Fang,	X.	J.	Li,	M.	D.	Yan,	and	J.	Kang	(2019),	
Long-Term	Variations	 in	 the	 Lithogenic	 Susceptibility	 of	
Chinese	Eolian	Deposits	Since	the	Late	Pliocene,	Geophys-
ical	Research	Letters,	46(2),	726-735.

Extraterrestrial and Planetary Magnetism and assoctiated 
structures
Baek,	S.	M.,	K.	H.	Kim,	I.	Garrick-Bethell,	and	H.	Jin	(2019),	

Magnetic	Anomalies	Within	the	Crisium	Basin:	Magnetiza-
tion	Directions,	Source	Depths,	and	Ages,	Journal	of	Geo-
physical	Research-Planets,	124(2),	223-242.

Cahill,	J.	T.	S.,	et	al.	(2019),	An	Examination	of	Several	Dis-
crete	Lunar	Nearside	Photometric	Anomalies	Observed	in	
Lyman-	Maps,	 Journal	 of	 Geophysical	 Research-Planets,	
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124(2),	294-315.
Chen,	M.,	J.	F.	Shu,	X.	D.	Xie,	and	D.	Y.	Tan	(2019),	Maohok-

ite,	a	post-spinel	polymorph	of	MgFe2O4	in	shocked	gneiss	
from	the	Xiuyan	crater	 in	China,	Meteoritics	&	Planetary	
Science,	54(3),	495-502.

do	Nascimento-Dias,	B.	L.,	D.	Galante,	D.	Oliveira,	 and	M.	
Anjos	 (2019),	 Probing	 the	 chemical	 and	 mineralogical	
characteristics	of	the	Martian	meteorite	NWA	7397	through	
mu	 Raman	 and	 mu	 XRF	 non-destructively,	 International	
Journal	of	Astrobiology,	18(1),	73-78.

Hauck,	S.	A.,	and	C.	L.	Johnson	(2019),	Mercury:	Inside	the	
Iron	Planet,	Elements,	15(1),	21-26.

Herkenhoff,	 K.	 E.,	 et	 al.	 (2019),	 Overview	 of	 Spirit	Micro-
scopic	 Imager	Results,	 Journal	 of	Geophysical	Research-
Planets,	124(2),	528-584.

Kawohl,	A.,	H.	E.	Frimmel,	A.	Bite,	W.	Whymark,	and	V.	De-
baille	(2019),	,	Precambrian	Research,	324,	220-235.

Lepaulard,	C.,	J.	Gattacceca,	N.	Swanson-Hysell,	Y.	Quesnel,	
F.	Demory,	and	G.	R.	Osinski	(2019),	A	Paleozoic	age	for	
the	Tunnunik	impact	structure,	Meteoritics	&	Planetary	Sci-
ence,	54(4),	740-751.

Manzari,	P.,	S.	De	Angelis,	M.	C.	De	Sanctis,	G.	Agrosi,	and	G.	
Tempesta	(2019),	Microimaging	spectroscopy	and	scanning	
electron	microscopy	of	Northwest	Africa	8657	shergottite:	
Interpretation	of	future	in	situ	Martian	data,	Meteoritics	&	
Planetary	Science,	54(3),	475-494.

Maurel,	C.,	B.	P.	Weiss,	and	J.	F.	J.	Bryson	(2019),	Meteorite	
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in	“next	generation”	instruments	to	be	installed	soon	in	
Berkeley	(West	Coast)	and	the	IRM	(Midwest),	together	
with	the	one(s)	already	functioning	at	the	home	institu-
tion	(Harvard,	East	Coast).
	 The	 keynote	 lecture	was	 followed	 by	 a	 cheese	 and	
wine	reception	on	the	terrace	kindly	sponsored	by	Fron-
tiers.

The	Friday	Morning	Session,	 titled	“Fundamental	rock	
magnetism,	 micromagnetic	 modeling	 and	 imaging”,	
was	chaired	by	Claire	Nichols	(MIT)	and	Josh	Feinberg	
(IRM).	
	 The	first	talk	was	given	by	Lesleis	Nagy	(Scripps	In-
stitution	of	Oceanography)	on	“Micromagnetic	model-
ing	of	thermal	stability”.	Lesleis	provided	an	overview	
on	 the	 state	 of	 the	 art	 of	micromagnetic	modeling,	 its	
principles,	 minimizing	 the	 competing	 energies	 within	
grains	 of	 different	 shapes	 and	 grainsizes,	 and	 made	 a	
convincing	case	for	a	positive	correlation	between	mod-
els	and	theory.	A	database	is	being	developed	for	user-
friendly	modeling	of	grains	of	varying	size,	 shape	and	
stoichiometry.
 Karl	 Fabian	 (Geological	 Survey	 of	 Norway,	 NGU)	
delivered	a	talk	on	“Determining	particle	moments	from	
magnetic	 microscopy	 and	 XRCT”.	 Karl	 detailed	 the	
limitations	one	faces	when	inverting	data	from	scanning	
methods,	involving	scale	and	resolution,	the	temperature	
of	the	measurements	(the	“Kelvin	problem”),	the	fields	
in	which	the	measurements	are	performed	(“Tesla	prob-
lem”),	 the	number	of	particles	that	can	be	measured	to	
obtain	a	significant	statistical	average	(“Boltzmann	prob-
lem”),	and	the	non-uniqueness	of	the	inversion	solutions	
(the	 “Maxwell	 problem”).	 These	 limitations	 may	 be	
circumvented	with	the	combination	of	the	newer	QDM	
and	X-Ray	 Computed	Tomography	 (XRCT)	 technolo-
gies.	It	is	mathematically	proven	that	it	is	impossible	to	
uniquely	reconstruct	the	magnetic	sources	from	surface	
field	 	 measurements	 alone;	 however,	 grain	 geometries	
and	locations	may	be	obtained	by	high-resolution	XRCT	
and	these	can	be	fed	into	inversion	algorithms	to	obtain	
moments.	The	other	limitations	can	be	circumvented	to-
day	with	the	QDM.	Nevertheless,	“Boltzmann”	may	still	
have	the	last	laugh	and	be	the	largest	limiting	factor	in	
obtaining	“natural”	~x106	particle	averages.
 James	 Bryson	 (Cambridge	 University)	 concluded	
the	 session	with	a	 talk	on	“Using	x-ray	photoemission	
electron	 microscopy	 as	 a	 paleomagnetic	 tool”.	 James	
discussed	 using	XPEEM	 to	 study	 the	 cloudy	 zones	 in	
tetrataenite	rims	in	meterorites,	allowing	investigation	of	
long-term	thermo-chemical	evolution	of	taenite-tetratae-
nites.	James	presented	an	improvement	on	paleomagnet-
ic	applications	from	multiple	observations	on	groups	of	
meteorites	 and	 concluded	 that	 paloeintensity	 estimates	
are	probably	lower	than	previously	stated,	with	accom-
panying	lower	uncertainties.		Moreover,	since	the	cloudy	
zones	 form	 by	 spinodal	 decomposition	 rather	 than	 by	
nucleation	and	growth	of	the	tetrataenite	islands,	the	gra-
dient	in	island	size	is	no	longer	thought	to	correspond	to	
a	distribution	of	ages,	and	the	previous	interpretation	of	
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time-resolved	paleointensity	no	longer	holds.	

The	 afternoon	 Session	 was	 presided	 by	 Ramon	 Egli	
(Central	 Institute	 for	 Meteorology	 and	 Geodynamics	
(ZAMG))	and	Nicholas	Swanson-Hysell	(UC	Berkeley),	
and	 titled	 “Processing	 Procedures	 and	 Protocols:	 Pit-
falls,	Progress	and	Promise”
 Lisa	 Tauxe	 (Scripps	 Institution	 of	 Oceanography)	
opened	 the	 session	with	 a	 talk	 on	 “Domain	 states	 and	
magnetic	characterization”.	Lisa	started	by	questioning	
the	curvature	that	is	sometime	observed	in	Arai	plots	that	
is	 generally	 attributed	 to	MD	 grains,	 and	 investigated	
domain	 stability	 through	 different	 processes,	 ranging	
from	the	drop	in	viscosity	associated	in	the	reversal	of	
a	SD	moment	through	a	vortex	state,	and	the	differences	
between	TRM	and	ARM	acquisition	from	a	domain	state	
perspective.	The	relevance	to	Arai	plots	and	paleointen-
sity	 determinations	 pertains	 to	 the	 thermal	 demagneti-
zation	behavior	of	grains,	as	opposed	to	the	acquisition	
mechanism,	which	may	not	be	along	 the	 same	path	or	
in	the	same	domain	state.		Lisa	also	emphasized	that	it	
is	 not	 possible	 to	 use	 hysteresis	 properties	 to	 evaluate	
whether	samples	will	behave	reliably	in	Thellier	experi-
ments.	
 Anna	Lindquist	(Macalester	College)	delivered	a	talk	
titled	 “TEM	 techniques	 for	 magnetic	 materials”,	 and	
provided	 a	 useful	 overview	of	many	microscopy	 tech-
niques	that	are	relevant	to	magnetic	applications.	Anna	
showed	 mesmerizing	 “real	 time”	 Lorentz	 microscopy	

videos	of	wall	domain	motion	and	pinning	as	a	function	
of	stress-generated	dislocations	and	twin	formation	im-
pediment	during	the	Verwey	transition	in	magnetite.
 Ramon	Egli	(ZAMG),		gave	a	presentation	on	“See-
ing	 thermal	 activations	with	FORC	diagrams	 from	 the	
PMC3900	VSM	and	the	new	Lake	Shore	8600	VSM”.	
The	talk	focused	on	the	enhanced	sensitivity	of	the	new	
generation	 VSMs,	 through	 the	 application	 to	 thermal	
activations.	Thermal	activation	generates	an	asymmetry	
in	FORC	measurements,	which	results	in	a	measurable	
offset	 in	 a	 FORC	central	 ridge.	Assuming	 the	 ridge	 is	
due	to	SD	grain	response,	from	the	offset	one	can	calcu-
late	particle	moment	assuming	Stoner-Wohlfarth	theory.	
From	there	 it	 is	possible	 to	successfully	back-calculate	
the	mean	particle	length	and	axial	ratio	for	those	grains.

For	the	first	time	at	a	Santa	Fe	conference,	a	poster	ses-
sion	was	held	at	the	end	of	the	Friday	talk	sessions.	Post-
er	presentations	had	been	introduced	by	1	slide-	2	minute	
“lightning	talks”	(in	lieu	of	Subir's	one	overhead	talks),	
and	 the	 poster	 session	 followed	 in	 the	 adjacent	 room.	
About	 20	 posters	were	 hung	 on	 precarious	 easels	 and	
flimsy	boards	(something	to	improve	on),	but	the	session	
overall	worked	and	offered	every	participant	the	possi-
bility	to	present	and	discuss	their	research.	“Discussion”	
is	the	mission	of	the	Santa	Fe	meeting	and	the	collegial	
setting	 allowed	 for	 extensive	 interaction	 and	 feedback	
to	be	provided	for	the	whole	duration	of	the	conference.

Gary	Scott	gives	an	impromtu	talk	on	the	Jemez	Volcanic	Field,	the	formation	of	the	Valles	Caldera	and	the	importance	of	the	Jaramillo	"event".	
Photo:	Anita	Di	Chiara.
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Saturday	 opened	with	 a	Morning	 Session	 on	 “Enviro-
magnetism	 and	Biomagnetism”	 chaired	 by	 France	La-
groix	(IPGP,	France)	and	Jessica	Till	(University	of	Ice-
land).
 Mark	 Dekkers	 (Utrecht	 University)	 talked	 about	
“Magnetic	 properties	 in	 the	 geosciences”.	 Mark	 pre-
sented	 two	 topics.	 One	 revolved	 around	 two	 greigite	
populations	 identified	 in	a	 fresh/brackish	water	 system	
in	Hungary:	a	hard	S-type	framboidal	greigite	carrying	a	
primary	remanence,	and	a	second	softer	M-type	greigite	
which	grew	and	acquired	remanence	over	10ka’s.	These	
components	can	be	distinguished	using	thermal	demag-
netization	 in	 small	 increments	 and	 the	derived	magne-
tostratigraphy	 refines	 the	 biozone	 ages.	 Unmixing	 of	
coercivity	spectra	fully	allows	separating	the	two	contri-
butions	to	the	remanence.
	 The	 second	 topic	 was	 more	 unusual	 and	 described	
freshwater	 filamentous	 “cable	 bacteria”	 (desulfobulba-
ceae)	that	are	capable	of	conducting	electricity	through-
out	the	sediment.	In	doing	so,	~90%	of	the	sediment	oxy-
gen	is	taken	up,	resulting	in	the	oxidation	of	sulfide.
Open	questions	posed	are:	can	these	bacteria	affect	the	

primary	nature	of	a	DRM?		Do	they	record	short-lived	
features	of	the	geomagnetic	field?	How	can	their	signa-
ture	be	recognized	in	old	sediments?	And	lastly,	because	
the	 bacteria	 effectively	 add	 a	 horizontal	 component	 to	
the	Earth’s	magnetic	field,	do	they	contribute	to	inclina-
tion	shallowing?
		 Ioan	 Lascu	 (Smithsonian	 Institution)	 followed	 by	
“Hunting	for	magnetofossils	in	deep	time”.	Ioan	inves-
tigated	 the	 1.9	By	Gunflint	Chert	 Fm.,	 famous	 for	 the	
putative	discovery	(and	questioned	by	some)	of	ancient	
stromatolites	and	magnetotactic	bacteria	(MTB)	chains,	
by	conducting	FORC	measurements,	using	Focused	Ion	
Beam	 nanotomography	 to	 image	 particle	 morphology	
and	distribution,	and	 feeding	 these	 into	micromagnetic	
models.	The	 first	 outcome	was	 that	within	 the	 sample	
collection	 of	 the	 Smithsonian,	 the	 MTB-like	 central	
ridge	of	FORC	diagrams	is	of	too	high	coercivity.	Most	
of	 the	 magnetization	 of	 the	 sample	 analyzed	 resides	
in	 tabular	 siderite	 structures	 that	 have	 been	 converted	
to	 magnetite.	 These	 structures	 are	 responsible	 for	 the	
FORC	distributions	identified	and	the	question	remains	
open	as	to	whether	the	MTB-like	chains	identified	in	ear-
lier	microscopic	studies	truly	belong	to	MTB	or	whether	
central	 ridges	 on	 FORC	 diagrams	 are	 fingerprints	 for	
magnetofossils.	As	a	side-note,	the	secessionists	within	
our	community	might	take	a	hit	from	the	notion	present-
ed	by	Fabian	that	the	tabular	structures	identified	possess	
a	“true”	PSD	behavior,	which	is	independent	of	vortex	
structures.	
 Pete	 Lippert	 (University	 of	 Utah)	 discussed	 “Envi-
ronmental	magnetism	in	deep	time”.	Pete	touched	upon	
multiple	case-studies	and	examples	to	drive	three	main	
points	home:	the	usefulness	of	in-situ	imaging;	the	im-
portance	 of	 collaborative	 research	with	 specialists	 that	
are	outside	of	our	community;	and	diagenesis	being	the	
elephant	in	the	room	when	dealing	with	deep	time	(and	
raising	 the	 question	 of	 “how	deep	 is	 deep?”,	 one	may	
add).		The	points	were	illustrated	through	three	study	vi-
gnettes.
	 The	first	described	a	study	of	rock/fluid	interactions	
which	 revealed	 cryptic	 remagnetizations,	 while	 initial	
rock-magnetic	characterization	had	suggested	 ideal	pa-
leomagnetic	 carriers;	 oxidation	 of	 pyrite	may	 produce	
nice	single-domain	magnetites.	The	second	involved	the	
study	of	ocean	sediment	and	how	to	use	magnetic	prop-
erties	to	identify	source	processes,	in	settings	where	the	
magnetic	signature	may	have	become	biased.	Pete	high-
lighted	the	importance	of	correlating	magnetic	grainsize	
to	 sieved	 sediment	 fractions	 as	 done	by	Hatfield	 et	 al.	
(2013,	EPSL),	though	not	touching	on	the	further	“bias”	
introduced	 by	 magnetic	 inclusions	 that	 those	 authors	
discussed.	 	The	third	vignette	 illustrated	the	usefulness	
of	studying	sediment	ecology	by	combining	component-
specific	magnetic	taphonomy	with	benthic	foraminifera.		
 Isaac	Hillburn	 (Caltech)	 gave	 an	 “outside	 the	 box”	
talk	on	“New	experimental	 techniques	 to	 test	biophys-
ics	of	magnetoreceptors”.	Isaac	detailed	the	progress	of	
Caltech	studies	involving	human	magnetoreception	and	
the	 difficulties	 encountered,	 including	 imparting	 IRMs	
to	the	heads	of	(live)	human	subjects.	The	latest	results	

Shelby	 Jones-Cervantes	 points	 out	 "clay	 pockets"	 within	 fallout	 deposits	
which	were	collected	by	the	autochtonous	people	for	the	production	of	arti-
facts.	Photo:	Anita	Di	Chiara.	
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derive	from	experiments	where	subjects	are	placed	with-
in	coils	that	allow	for	rapid	and	un-interrupted	reorienta-
tion	of	the	magnetic	field	generated.	Results	so	far	have	
been	tantalizing,	with	evidence	that	humans	may	be	able	
to	 detect	 changes	 in	 the	 ambient	 field.	 On	 a	 different	
note,	 Isaac	also	discussed	 the	development	of	 a	proto-
col	within	the	RAPID	system	that	allows	acquisition	of	
remanent	FORCs	within	a	SQUID	magnetometer.	These	
utilize	 IRM	 pulses	 and	 allow	 for	 samples	 larger	 than	
most	VSMs	can	accommodate	to	be	measured,	integrat-
ing	over	a	larger	volume,	effectively	smoothing	out	het-
erogeneities	within	 samples,	while	maximizing	 the	 re-
manent	response.	All	of	this,	while	allowing	measuring	
multiple	samples	automatically,	a	win	for	 research	and	
development	(we	are	patiently	waiting	for	the	FORC-in-
the-brain	experience).

After	 the	 lunch	break,	Raimund	Muscheler	 from	Lund	
University	delivered	the	second	keynote	lecture	on	“Sep-
arating	solar	and	geomagnetic	field	signal	contributions	
to	 cosmogenic	 radionuclides”.	 Raimund	 gave	 an	 in-
depth	presentation	on	the	coupling	between	solar	wind	
and	Earth’s	geomagnetic	field	and	its	nuances	in	modu-
lating	the	production	of	10Be	and	14C.	Raimund	showed	
how	 globally-observed	 magnetic	 anomalies	 generate	
disparities	 in	 the	 amount	of	 solar	 radiation	 received	at	
equal	northern	and	southern	latitudes,	which	serves	the	
basis	for	studies	of	cosmogenic	radionuclide	production.
	 A	prominent	feature	of	the	“recent”	Earth	field	is	the	
Laschamp	 excursion.	 It	 is	 useful	 because	 it	 stands	 out	
globally	and	allows	dating	of	Greenland	versus	Antarc-
tica	 cores,	 for	 example.	 It	 allows	 dating	 of	 sediments	
and	synchronizing	 timescales,	 including	 14C	 timescales	
to	 those	 obtained	 from	 ice	 cores.	 Recognition	 of	 the	
Laschamp	aids	carbon	cycle	studies	and	determining	the	
lock-in	depth	of	different	sedimentary	records.
	 A	generally	good	correlation	between	proxies	is	ob-
served,	e.g.	highs	in	the	100	yr	delta	14C	curves	coincide	
with	lows	in	solar	activity,	making	it	possible	to	separate	
the	solar	from	the	geomagnetic	contribution	to	radionu-
clide	 production,	 which	 is	 successfully	 being	 attained	
using	Bayesian	methods.

The	 afternoon	 session	 on	 “Highs	 and	 lows	 of	 short-
term	geomagnetic	field	behavior”	followed	suit	and	was	
chaired	by	Maxwell	Brown	(University	of	Iceland)	and	
Catherine	Constable	(Scripps	Institution	of	Oceanogra-
phy).

The	first	talk	was	delivered	by	Catherine	Constable	who	
talked	about	modeling	short-term	geomagnetic	field	be-
havior	 in	 a	 presentation	 (sub?)	 titled	 “How	 high,	 how		
low,	how	fast,	how	slow”.	Cathy	made	a	clear	distinction	
between	data-based	field	models	and	numerical	dynamo	
simulations,	and	detailed	the	pros	and	cons	of	dynamic	
simulations	 of	 the	 Earth’s	 field	 highlighting	 how	 the	
large	variability	 in	parameters	make	 results	difficult	 to	
compare	and	apply	to	direct	observations.	In	particular,	
one	needs	to	carefully	evaluate	the	time	scale	that	is	most	
relevant	to	the	process	under	investigation.

Karl	Fabian	poses	in	chambers	excavated	within	the	compacted	ash	at	Bande-
lier	National	Monument.	Photo:	Anita	Di	Chiara.	

	 A	relevant	question	is:	what	is	causing	the	small-scale	
variations	of	the	field	and	what	are	we	missing	when	we	
don’t	see	them?	An	important	point	is	the	geographical	
variability	of	field	observations,	 for	 example	 the	dura-
tion	of	the	Laschamp	varies	between	0	to	5	ky	depending	
on	the	“observation	site”.
 Ron	Shaar	 (Hebrew	University	of	 Jerusalem)	spoke	
on	“Synchronizing	high	resolution	lacustrine	and	marine	
DRM	 records	 with	 archaeomagnetic	 TRMs:	 a	 natural	
laboratory	 in	 the	Levant”.	Ron	 carefully	 discussed	 the	
differences	of	paleointensities	that	can	be	obtained	from	
TRMs	and	DRMs	and	 separated	 the	 talk	 into	 absolute	
versus	 relative	 intensity	 records.	Absolute	 records	 ob-
tained	from	archaeomagnetic	data	have	allowed	to	pre-
cisely	 synchronize	 records	 from	 different	 regions.	De-
tailed	records	across	the	middle	East	clearly	show	how	
the	Levantine	spike	is	made	up	of	 two	intensity	spikes	
separated	by	 increased	 inclination	of	 the	natural	 rema-
nence,	as	predicted	by	models.
	 Ron	 investigated	 the	 Levantine	 spike	 from	 a	 sedi-
mentary	 record	 perspective	 also.	 The	 dramatic	 falling	
levels	of	the	Dead	Sea	have	uncovered	sedimentary	se-
quences	that	unfortunately	are	not	old	enough	to	capture	
the	spike.	Certain	levels	contain	primary	greigite	which	
grew	fast	and	provides	an	accurate	recording	of	the	field	
with	 no	 inclination	 shallowing.	 Some	 samples	 have	 a	
GRM	 component,	 however,	 but	 others	 do	 not	 acquire	
GRM	at	all.
	 From	cores	collected	in	the	Mediterranean,	magnetic	
records	do	not	reveal	 the	 inclination	spike	and	 thus	do	
not	 agree	with	 the	TRM	data.	The	culprit	 is	 likely	 the	
elephant	in	the	room	discussed	by	Lippert,	diagenesis.
 Ricardo	Trindade	(University	of	Sao	Paulo),	followed	
with	 a	 presentation	 on	 “Paleofield	 records	 in	 speleo-
thems”.	Ricardo	convincingly	showed	how	the	magne-
tization	recorded	in	speleothems	is	of	pedogenic	origin	
and	 can	 accurately	 document	 annual	 climate	 cycles,	
with	layers	deposited	during	dry	periods	containing	low	
concentrations	of	magnetic	material,	whereas	the	wetter	
periods	contain	higher	concentrations.	To	properly	inter-
pret	the	magnetic	signatures,	however,	it	is	fundamental	
to	properly	understand	the	system	and	specifically	how	
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speleothems	are	precipitated.	First	the	CO2	is	outgassed	
in	 the	cave,	 then	 the	pH	becomes	equilibrated,	permit-
ting	precipitation	of	calcite	and	acquisition	of	the	mag-
netization,	which	truly	records	a	DRM.	The	resolution	at	
which	the	DRM	is	investigated	can	vary	largely,	centen-
nial	to	millennial	scales	can	be	extrapolated	using	a	2G	
magnetometer,	however,	finer,	annual,	scale	resolution	is	
attainable	using	a	QDM.
	 The	 last	 invited	 talk	 of	 the	 conference	 was	 given	
by	Andreas	Nilsson	 (Lund	University),	who	 presented	
“Modeling	Holocene	field	variations	and	pDRM	acquisi-
tion	in	sediments”.	Andreas	discussed	the	usefulness	and	
caveats	of	sediments	as	 recorders	of	geomagnetic	field	
variations	at	various	timescales.	However,	pDRM	bears	
significant	effects	on	the	signal:	 the	delay	of	the	rema-
nence	acquisition	results	in	smoothing	of	the	record	on	
top	of	 the	systematic	 time-offset	 (lock-in	depth)	which	
is	controlled	by	the	sedimentation	rate.	These	mask	im-
portant	short-term	variations	and	can	impede	dating	ap-
plications	 and	 affect	models.	Andreas	 utilized	 detailed	
stratigraphic	 information	 obtained	 from	 varved	 lake	
sediments	 and	 existing	 field	models	 to	 reconstruct	 the	
geomagnetic	 field	 evolution	 and	 independently	 tested	
results	against	14C	curves.	Pre-requisite	is	a	field	model	
based	on	TRM	data	against	which	to	test	the	effects	of	

locking-depth	to	obtain	consistent	age-depth	models.

On	 Sunday,	Wyn	Williams	 (University	 of	 Edinburgh)	
led	 an	 all-day	 technical	 workshop	 on	 “Micromagnetic	
modeling	with	MERRILL”.	Wyn	gave	a	lecture	on	the	
history	 and	 fundamentals	 of	micromagnetic	modeling,	
and	introduced	the	MERRILL	software	package	that	he	
and	his	group	wrote	 to	generate	 the	models.	 Important	
to	note,	modeling	magnetizations	is	probably	the	easiest	
part,	 but	 generating	meshes	 that	 adequately	 reproduce	
grain	 geometries	 	 and	 assemblages	 of	 grains	 is	 not	 a	
straight-forward	nor	quick	task	and	requires	proprietary	
software.	Wyn	 had	 prepared	 many	 example	 files	 con-
taining	a	variety	of	grain	sizes	and	geometries	that	par-
ticipants	used	to	learn	the	nuances	of	MERRILL	and	the	
necessary	image	rendering	software.	Lesleis	Nagy pro-
vided	 invaluable	 assistance	 around	 the	 room,	 allowing	
the	 participants	 to	 generate	 the	 internal	 magnetization	
models,	hysteresis	loops	and	lastly	stray	field	models	of	
core-shell	geometries.

Constructions	and	chambers	excavated	within	the	compacted	ash	at	Bandelier	National	Monument.	Photo:	Myriam	Kars.	
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