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Outlining the thermal posdepositional evolution of the Ordovician 
successions of northwestern Argentina by clay mineral analysis, 

chlorite geothermometry and Kübler index
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ABSTRACT. e ea o-deoiiona eoion o eaeii and eaoani o o e e aian-
doiian eion in e ena nde o noeen genina a eiaed og  a diaion o a 
inea anai e nde  - d o eeed ae and oie geoeoe. e d aea 
oie ie eeenaie egion in na and odiea iena nae a iea de ana Vioia aaeno 
and ana Vioia ie aea odn de o iee eano ai iea de inonada and iea de oinoa-
aa. e aeoeeae oained i e oie geoeoee in oinidene i  ae o an 
- end o diagenei/o anione in e eaen an o iea de ana Vioia o ig anione/eione in 
e na i ineediae ae in e een an o iea de ana Vioia. i end in onnion i e 
deeoen o a eaage in e doiian o o ai iea de oinoa-aa and een oaiie 
oinide i e ii ooed o e oi deoaion e. e oon oene o aoinie in e ae 
and e eaoani o o iea de oinoa-aa oed i e iion o oie  ineaiied 
oe-eeae ae in o o ee o and e oene o aoie in a eadaie indiae eene o 
doea id i ig /aion aio oding aid e aeaion ada 10 a eeae eeen 
100 and 00 . e doea aeaion od ae een een o e ai ia and e aainen 
o eiona eaoi and a e oa eaed i e oo aii o e doiian oani 
a. e ideead oene o eogade diagenei od eie aoinie a e a ineaiied / 
and /V ae in e aniona/eiona eaeie o iea de oinoa-aa and iea de inonada 
onie  o o noedge e i eo o an eenie doea aii aeing no on e eaoani 
o  ao e oe doiian edien o noen na.

eywod: ow-gade eao, eodagene, Geoeoey, loe.

RESUMEN. Determinación de la historia térmica posdepositacional de las sucesiones ordovícicas del noroeste de 
Argentina mediante análisis de arcillas, geotermometría de la clorita e índice de Kübler. dio o diain de 
ao- de oa eaeia  eaonia oeenada on anii ea a eaa de   ioanii 
de ea eeionada on geoeoea de a oia an eiido deinea a ioia diagenia-eaia 
ogada de a eione de io eio-doio de o nde enae de  de genina e ideniia 
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eaione egada.  edio e en en ino oaidade de na  odiea iena: iea de ana Vioia 
ona de o o aaeno  ana Vioia odn de o iee eano ai iea de inonada  iea de 
oinoa-aa. a aeoeeaa oenida ediane e geoeeo de a oia oeene on o aoe 
oenido aa e ndie de e indian n aeno en a eeaa de  a  dede ondiione de diagnei/
aniona di en e ano oiena de a iea de ana Vioia aa aniona ee/eiona en a na on aoe 
ineedio en e ea de ai. a endenia a oo a eenia de n iae eaio en a oa odoia 
de ai iea de oinoa-aa  iea de a inonada oinide on o ie oeo eiaene a ai 
de edio eae  ioenio aa e inn de deoain ia. a eenia de aoinia en 
a ao ae de a eaeia  oa eaonia de a iea de oinoa-aa no on a iin de 
a oia o ae ineeaiiada de eno eeaa  a eenia de aoia en na eadaia indian aea-
in o ido idoeae ido a eeaa ene 100  00 . a aeain idoea oaeene 
eo inada on a aiidad a de ao onio doio  edi on oeioidad a a eaa de 
io eneaieno dane a e a oa de eo eeniona de a na aanaon e eaoio de gado 
aniona ee/eiona. a aia diiin de ae aignae a eodiagnei eeia aoinia a oo 
ineaiiado /  /V en a eaeia de a iea de oinoa-aa  inonada onien 
aa donde aeo e ie egio de na eena aiidad idoea e ae no oo a oa eaonia 
ino ain a o edieno de doio ineio de noe de a na.

alaa clae: Meaoo de y ao gado, eodagne, Geoeoea, loa.

1. Introduction

e e aian-doiian o eion 
o e ena nde o noeen genina 
aaed in a eoa oeand ain a deeoed 
aong e een agin o ondana ao 
1 ini 200 oia e al. 200. n e a 
deade i o eie a een e e o 
an aeonoogia edienoogia a 
and geoonoogia die e.g., on and ongn 
11 ag and eie 11 oia e al., 
2001 oa 1 ini 200 aoi e al. 
200 oa 200 ieann and ag 
200 ega and anei 2005 aoi e al. 
200 ini 200 anei e al. 200 Vodan 
e al. 201 201 eao and anei 201 
iiano e al. 201a anei e al. 2015 oo e 
al. 2015. n e ona i ia/eaoi 
eoion a on een ie enioned on and 
ongn 11 ieann 1 o ao e 
al. 201 aing eii die. e ai o i 
ineigaion i o ideni ogade and eogade 
a inea aeage in e oaiie o 
odiea iena and na in ode o dee 
egiona dieene in ia ondiion o aie 
a geae ndeanding o e eoion o e e 
aian-doiian ain.

doiian ed o eea ineaied 
one in e iea de ana Vioia and iea de 
oinoa-aa aig e al. 15 oia e al. 
2001 ioo e al. 2001  e aiiaion 
o ei o-deoiiona eoion od e a 

e ao in oeion o inea eoe in 
noeen genina a e a o oide a 
onain o ioing geodnai ode o e 
een ondana agin ding aeooi ie.

n e ea o diagenei and anione og 
eiae o ia/eaoi eeae an 
e aieed i e d o a aeage and 
e e nde   oe eie deeina-
ion ae edo aieed. i i eenia de 
o eii ae o inane a a o eiae 
inde inea  ao eae eodnai 
eiii i edo eaed nde ee ondiion. 
eeee een nde non eiii ondiion 
ee i a genea end o deeaing diode i 
ineaing gade i i onien i a eie 
o ogade aniion in i eie a og 
a eene o eaae ae a e aoa 
ae eia eiiieian and eao 
1. n e oe and i a een deonaed 
a a-inea aeage oed nde -
geeni aie od e oeined  eogade 
eaion eogade diagenei ae ieo e 
al. 2005 aen ae a ain ae ia eaie 
id nde oen-e ondiion.  -a 
diaion -aed die o eii o 
od e eened  ea die nde 
e anning eeon iooe  in ode 
o dee eidene o eogade eaion and  
diiinae eeen a-inea o ogade o 
eogade oigin. 

n e oe and e eiia geoeo-
ee aed on e V onen o oie in 
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-geeni 400  ondiion aeinea 
1 oe 11 e aia e al. 1 ae een 
ide eoed ain de o ei iii een 
og e een o a ide ae eeing 
e a o eodnai eiii e aia 
e al. 1. oeoe i eod a eee 
eioned  dieen ao iie and Vede 
11 e aia e al. 1 e ngia e 
al. 2002. oe een eea eodnai-
aed oie geoeoee o di-ioaeda 
oie ae een ooed odee e al. 201 
anai e al. 2014 odee and aeinea 2015. 

e ai o i ae i o onain e ea 
o deoiiona eoion o e oe aeooi 
eion o noeen genina inegaing 
eea inogani indie inding deeinaion 
o a inea aeage   e nde 
  d o eeed ae  aa-
eed eeon iage  and eneg dieie 
 a  and oie geoeoe oed 
i eio ied daa on onodon oo 
eaion nde  iiano e al. 201a  
Vodan e al. 201 Vodan e al. 201. i 
d onenae on ie eeenaie aea o 
oe aaeooi o eoe in e noeaen 
na and odiea iena nae a iea de 
ana Vioia aaeno and ana Vioia ie 
aea odn de o iee eano ai iea 
de inonada and iea de oinoa-aa.

2. Geological framework

e e aian-doiian o eion 
o e ena nde o noeen genina 
aaed in a eoa oeand ain a de-
eoed aong e een agin o ondana 
ao 1 ini 200 oia e al. 200. 
e o eie a ae 5000  in i-
ne i eoed in e na odiea iena 
and iea andina ooeoni oine 
o genina. eeee a i a eio 
enioned i ae i oed in e doiian 
aa oing o in noeaen na and no-
en odiea iena ig. 1. e aeen o 
e d aea i eeened  e Vendian-oe 
aian noiana oaion ne 10 
ain ooed o a eie-geae idie 
eene i a aeed  e o-gade 
eaoi and oae deoaion. i 
ni i nonoa oeain  idde-e 

aian ao ao aie andone 
and ed o geeni ae i o aiiaion 
and ae oi doinan olo . o e 
en o ne 10. e en o i 
in n nonoa oeed  e e ai-
an-oe doiian o eion. e i ado 
e ide aeed aigai noenae a 
aigned e e aian-doiian aa o 
odiea iena and e iiiai ee o 
e noeaen na o e ana Vioia o 
ne 14 i oni o e ana oia 
e aian-eadoian and e oie e 
eadoian-oian oaion ioo e al. 2001 
ini 200 aoi and ngano 200 Vodan 
e al. 201. n e na egion e oiieo 
iiiai aine edien aignae o e 
aian eadoian o oian inedigiae i 
nediena aa and oani inie o 
e aen na ie e nde e al. 17 
iiano e al. 201 a ee goed ino e 
agai-ediena oinoa-aa oe 
oia e al., 1 oia e al. 2001. 

e ana oia oaion o o in e 
odiea iena ig. 1.  ain oie 
geeni ge ae ee i ineaaion o 
in iaeo ie andone ed and ae ga 
iiiied andone ed  o 2  i. ae 
ee od onain diee ie and aaeo 
oneion. i eion a oe onideed 
a aing oed in  oen aine enionen 
oee oe een die in eea oaiie o 
odiea iena eeaed a oe deoiiona 
io inding a ide ange o ediena 
enionen aoi and ngano 200 a ee 
ao goed in o ain aie aoiaion one 
o e io-eaine deoi and e oe one 
o e oen-aine deoi. eoe aed 
on a deaied edienoogi ioaigai and 
eene aigai d aoi e al. 200 
ideniied eea angeie-egeie e 
o i ni in e iaa ange. e eion 
ao oie a aa ongoeae een og 
in oe oaiie e ongoeae i aen and 
e aa ed i a oae-gained andone ioo 
e al. 2001.

e oie oaion i eoed in eongaed 
e i a genea - ie in odiea 
iena and eaen na ig. 1. n e iea de 
ana Vioia e eion i e eoed aong 
e ana Vioia ie iediae o e e o 
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e oono iage. n e noen na ee 
edien ae eoed in e iea de inonada 
o e genina-oiia ode o e o and 
o e e in iea de aaai. 

n odiea iena e oie oaion ain 
oie i geeni o da ge ae ee 
i ineedding o ie-gai aie and 
a ae e-gai a ae oiieo 
ieone and da ieone ioo e al. 
2001. e andone-ae aio i aoiae 
1:1 a e oe a o e eion deeaing o 1:2 
ad a aio a eai in a ao a o e 
eion. n noen na iea de inonada e 
a o ieone ee i eaae oia e al. 
2001 e eene i aaeied  an ad-
iening and oaening aa aen ag 
10 and  e oene o odinae oae 
andone o io ongoeae ed. 

e agai-ediena oinoa-aa 
oe oia e al., 2001 oie andone-
eie eion aong i ndeoiiona ioda 
oani and oani o ain daii 
aa aoaie doe-odoe and 
ino ai-iii aa aie and in io 
oia and oa 11 i gao-aa 
i and die oia e al. 1 200. e e 
oai o i ni oaed o e oe o 
e d aea in e een an o iea de 
iaga and e aen an o iea de ea 
oia e al. 2001. iin e d aea i ni 
i eoed in e noeaen na in iea de 
oinoa-aa ig. 1. n e eaen an o 
i ange daii aa and iaoaie 10 o 25  
i o eoe e oene o goa 
eeii ee 5 o 10  i nea daii i 
o deonae e nediena aae o 

. 1. eoogia a o e d aea oing aing oaiie i onodon-gaoie ioaigai ono. egend: 
1. noiana oaion e oeooi-oe aian 2. aan oaion oe aian 3. en o 
idde-e aian 4. ana Vioia o eo aian-oe doiian 5. agai-ediena 
oinoa-aa oe doiian 6. ien oaion iian 7. aa o eaeo-oe aeogene 
8. aeogene-eogene 9. aena.
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e oani ioo e al. 2001. aed on e 
ee o ee o oia and oa 14 
and oia 1 ineed an oigin  non eoie 
aine oani and a e agenaion  
ae een oiginaed o doai oee. 

e doiian o ae eaed i eea 
ineaied one in iea de oinoa-aa 
and inonada oiing ineaied a ein 
god eaing adde ee i  e   n 
 ide and oa o ie aig e al. 15 
oia e al. 2001.

e doiian eion a oded i a 
ie a e on and ongn 11. e 
ineni o oding ineae gada ead 
aa doiian o dei a onio 
aia ane eaage and eneaie deoaion 
in oo o na on and ongn 11.
n e ona o e ea a eaage i aen 
and ed o e ana Vioia o ae eaaed 
 a ig diodane o e oeing aeo-
oi eion ongn 12.  22  a. e 
aniion one eeen o aea i oaed o e 
e o iea de ana Vioia nea e iage o 
ai ongn eona oniaion 201. e 
oo o doiian ed deiing ig od 
and eneaie deoaion ee inded  on 
and ongn 11 in e oi e a e age 
o e deoaion a adiiona aied o 
e oi ae o ogen ae doiian 
ne and nde 175 ne and on 17 
on and ai 15 aong oe. oee 
ae ineigaion ae naeed a oe oe 
enaio. n one and ina-doiian deoa-
ion a doened in eea oo o oe 
doiian o in e aniion eeen na and 
odiea iena a e a in e aea o aa de 
inn in een na ag 10 ag 
and e 17 oa 1 ini 200 ongn 
and Vaai 200. n e oe and oa 1 
2015 eioned e aia ie a aied 
e deoaion aeing e ana Vioia o 
deoi and eiaen ni in noen genina 
o a ae doiian ogen. i ao ooed 
a e deoaion od e onge a ee i 
no eidene o an anga nonoi eaaing 
e e doiian deoi ooing in o-
diea iena o e oeing oe aeooi 
eene. ieie - age o ine-gained ia 
oained o doiian e o gade eaeie 
o e aen odiea o oen oiia e 

o e eiene o oogeni aii ding e 
ae doiian and aie e deoaion o 
a ae eonian-a-aonieo e and 
einad 14 aaoi e al. 1 o ae 
aonieo-a eian oogeni eiode 
aoagen e al. 2002.

e d aea oie oaiie o noen 
odiea iena and noeaen na ee 
doiian o een eeen eoe.

3. Sampling and analytical techniques

ae ee oeed i onodon-gaoie 
ioaigai ono in eeenaie oo a 
iea de ana Vioia aaeno and ana Vioia 
ie odn de o iee eano ai iea 
de oinoa-aa and iea de inonada 
ig. 1. eii ee ee aed in a oaiie 
eea a a e oen eo o iea de 
oinoa-aa aing ao oie oani 
o oeonding o e agai-ediena 
oinoa-aa oe oia e al. 2001. ai 
i oaed in e eaen ode o e oi e 
in e ene o on and ongn 11.  a 
o e ae died inding oaion ioog 
ioaiga and ioaiga i on in 
ae 1.  iea de ana Vioia aaeno 
ana Vioia ie done oeonding o 
e ana oia oaion ee aed alod 
dele onodon one Vodan e al. 201 
and yoga el Aooga coae 
Aaneoga ay and nnega coo 
gaoie one iiano e al. 201a oo e al. 
2015 idde-e eadoian.  odn de o 
iee eano ai een an o iea de 
ana Vioiae ae aed oeond o e 
oie oaion dyogaell d one 
e oian Veno 201.  iea de oinoa-
aa e aed eii ee oeond o e 
ediena aie o e agai-ediena 
oinoa-aa oe ioo e al. 2001 
in e noen eo a ea de oeo nea 
e iage o ana ioaigai inoaion 
ee o e ndloga aodena one 
oe aiiian idde doiian oeaie 
i e oena oaion o e een na 
ie-ao e al. 1.  e oen 
eo o iea de oinoa-aa aing ao 
oie oani o a ine-gained eadaie 
 15ie in and eien and eaandeii 
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15o ao e al.  Andean Geology 44 (2): 179-212, 2017

io aa 17 eeae o e agai aie 
o e agai-ediena oinoa-aa 
oe oia e al. 2001. 

e ineaogia ooiion o 2  -
aion inding eaing o  a eoed 
o 40 ae  -a diaion  ing 
an X’Pert Pro diffractometer (CuKα radiation, 
40V 40 eaaeno de io ia 
 genina and a aia e o 
diffractometer (CuKα radiation, 45kV, 40mA) 
eied i an eeao oid-ae inea 
deeo eaeno de ineaoga  eooga 
nieidad de anada. a -ae 2                                                                   
ee eaed in aodane i e gideine o 
ooe and enod 17. e e nde  
a eaed in goaed oienaed aggegae 
and  ae aini nde andad 
a and ie 14 ee eaied o e 
egeion eaion o e e o diaoee 
0.1100.055 20.57. e e and oe 
onda ii o e anione in e  ae 
are taken as 0.32° Δ2θ and 0.52° Δ2θ, respectively, 
ooing e eoendaion o e ond ae 
diion a e id oean a oneene 
a and eeio ann 2014. oe  
ae oing oe ie o ied-aeed 
inea ee deonoed i e ai 
oae.

e eoed andad eogaia anae 
o deeine ioog genea ooiion and 
ia and eaoi oiaion. ead 
een eeenaie ae ie eaeie 4 
1 5 1 and 4 a ine-gained eadaie  15                                                             
and a eaandeii io aa 17 ee oen 
o deaied d a e  ae and  
ioanae eoing oied in eion 
ing a-aeed eeon iaging and -a 
dieie  anai i a   50 
anning eeon iooe eno de neno 
ienio nieidad de anada . oi 
onenaion aio ee oneed ino oae 
aoding o oiioe. oding e a 
oae o dioaeda ia and oie ee 
aaed on e ai o 22 102 and 2 
negaie age 10 eeie eea 
a a oae o oie eaing ied-
ae ee aaed onideing 25 ogen ao 
14 o oie11 o eing ae. eiaion 
o inea aoding o ine and an 2010 
in addiion o i / / /V / 

and /i aon o iie/eie oie/
eie oie/eiie ioie/oie and 
oie/ia ied-ae eeie.

4. Results 

4.1. X-ray diffraction-Kübler index

 odllea enalea de ana oa
e oiiae ideniied in done 

o e aaeno aea ee iie-oie and 
oie i odinae aoinie in e ae 
ae 1 ig. 2a. e  ae o i aea ae 
in e ange o dee diagenei-o anione 
(0.69 to 0.47°Δ2θ). On the other hand, mudstones 
o e ana Vioia ie o oe oe 
aeage oiing iie-oie//
 ig. 2 and a ide ange o  ae 0. 
to 0.31°Δ2θ), corresponding to deep diagenesis to 
eione.

 odllea enalodn ee eano 
a

a aion oni o iie-oie 
aoinieoieeie eea  ae ae 
in e ange o ig anione o eione 0.0-
0.36°Δ2θ).

 oeaen naea de onoa
aya and ea de nonada

ee go o ae an e diingied 
aoding o ei a-inea aeage. n e i 
go e a aion i ooed  iie-oie 
and oie ig. 2 ae: 4 5 and . e 
go oni o iie-oieaoinieeie 
ae  7 and 15. n e oe and o o 
e ae o oe a-inea aeage 
oiing: iie-oieoie//
Vaoinie/ieie. o eae e 
 aen o e ai-died oiened on o ae 
 1 dei e aaeii eeion o iie-
oie and aoinie  ao an ao aiona 
eie o eeion a 1. .5 .70 5.22 and 
4.4  a i oad ig ige ae 
ae e eene go  eaen indiaing a 
nea ega ied-ae onaining an eandae 
oonen ig. 2d.

 e  ae oained o eie o no-
eaen na ae in e ange o ig anione o 
epizone (0.23-0.35°Δ2θ). 
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. 2.  ai-died a.d. and eene-go .. oaed aen o 2 -ae o eaeie: A. 12 B. V10 C.  4 
D.  1 and eaandeie E.  17. eiaion o inea nae aoding o ine and an 2010 ML: ied-ae.
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e eaandeie 17 oie andan 
ied-ae  dioaeda ia aoinie a 
oai eda agioae and goeie ig. 2e. 
n e  aen o e ai-died oiened on 
ied-ae ode an ao aiona eie o 
eeion a 1.20 .7 . 5.5 and 4.41  
a i oad ig ige ae ae e  
eaen indiaing a nea ega ied-ae 
onaining an eandae oonen ie iia 
o e eie o eeion aeaing in e  
aen o e ae aen a e ae oo ig. 2d                                                                                          
1. eoe in e -eaed aen o e 
eaandeie ao aea an iaiona eie o e-
eion a 5.1 4.7 . and .52  a oa 
oeond o a ando ied-ae. e ind o ae 
ooing ee ied-ae i e died in a 

next section. This sample shows a KI value of 0.31°Δ2θ 
indiaing eione ieie o o e ae o 
e oen aea o iea de oinoa-aa.

4.2. Optical microscopy and SEM

  odllea enal
 og anaooing edding-aae ioai 

0 deined  a ganoei-ooiiona aeing 
and e eeed oienaion o oie and iaae 
an e oeed  oia ioo and  ean 
o e  ig. a and 4a. oiiae-i 
and ae ooed  eongae oie gain 15 
o 45  ong and dioaeda ia 10 o 50  
ong oa deia in oigin ig. 4a. neeaed 
oiiae gain ae oon. e aenaing 

. . ia iooe iage oed nio ioa eae o eaeie and eaoani o: A. done 
oing a og anaooing ediena aeing 0 deined  a ganoei-ooiiona aeing and e eeed 
oienaion o oie and ia ae 4. B. ae deiing a diagenei oo aae ioai 0 deined  eine 
o ion oide and deia oiiae gain 1. C. ae oing a og anaooing aed eaage 1 aae 
o e ediena aeing0 an ineeaed oiiae gain-aee o 0-1 in e ene 5. D. ae 
deiing a diagenei oo aae ioai 0 deined  eine o ion oide and deia oiiae gain and 
a dionino enaion eaage 1 oie o 0 1. E. eadaie oing a ganoei aeing  aae o 
a dionino eaoi eaage 1 15. F. eaandeie deiing aeed agioae and eaeen o ia 
inea  ae o ae o e anie-aoie ai ee ae 5 e odoide ie ao and ine-gained 
ie ia eo ao 17. ae a0.1 .
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oae and ae ain ooed  aneda 
onded a gain oai eda and 
ae aie. aoida ie ig. 4a ion 
oide and aaie ae oon eea eeda 
oi o aneda aeie ig. 4 a e a 
ie edo o.

 odllea enal
i ae dei a diagenei oo aae 

ioai 0 nde e oia iooe ig.                           
and a  ae i i deined  eine o 
ion oide and deia oiiae gain a e 
a  ineeaed oiiae gain  o 50                   

ong oen i eidene o aeaion and i 
aed edgeig. 4. oeoe a enaion 
eaage 1 deined  eongae oie and ie 
ia gain 10 o 25  ong oiened a a ig 
ange i 0 i ao oeed ig. 4. oeoe 
ineiia aggegae o aoinie -15  ide 
oeie deiing an-ie ooogie ae ao 
oon ig. 4 e ig. aoinie ao a 
eae deia oie a oing diaie 
eiiaion aong e eaage ane eading o 
anning aong e edge o e ia ae ig. 4 
eo ene e o 1 oegi e al. 2001.
eo ae inde ae aaie and ie.

. 4. - iage: A. and B. done 4 oing a diagenei og anaooing ediena aeing 0 ie oe-
ie deiing a aoida ooog and aeie  in  C. ae deiing a diagenei oo aae oiaion 0 
and a enaion eaage 1 ie ao: ineeaed oiiae gain ie oie a ao: aoinie 
a eaing deia oie a oe ene and ineiia aggegae o aoinie 1 D. ae 5 deiing 
a og anaooing aed eaage 1 aae o e ediena aeing 0 in e ene an aggegae o aoinie 
ooed  ie an-ie  aggegae i dieen oienaion aoiaed i ion oide and odeed  ie 
 gain ae ao oeed a ao E. oie gain -aae o oie o 0-1 ineiia aoinie oing 
a aggegae o aong oie eaage ane ie ao and  a ao in ae 5 F. ae 1 deiing a 
diagenei oo aae oiaion 0 deined  eine o ion oide and deia oiiae gain and a dionino 
enaion eaage 1 oie o 0 e gain eeing oie ie ao oeond o oe oie-eaing 
ied-ae aoding o  daa and  anae ee ae 5.
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  odllea enal
i ae dei a og anaooing aed 

eaage 1 aae o e ediena aeing 
0 nde e oia iooe and in  iage 
ig.  and 4d. i ae i oe oae-gained 
an 1 and onain oe a and aie and e 
oiiae. neeaed oiiae gain  
o 0  ong ae een ig.  4d e. oie 
gain -aae o oie o 0-1  o 100  
ong o. eda o aneda a gain ae 
andan. aoinie o a aggegae 10  
ong 75  ide ooed  ie an-ie 
 aggegae i dieen oienaion ao-
iaed i ion oide and odeed  ie ig. 
4d. oeoe ineiia aoinie going aong 
oie eaage ane ig. 4e ie ao ao 
o. neda aaie aioe ie and ion 
oide o a aeo ae.

  oeaen na
i ae dei a oo edding-aae 

ioai 0 a i deined  eine o ion 
oide and deia oiiae gain and a di-
onino enaion eaage 1 oie o 0
a an e oeed  oia ioo and in 
 iage ig. d and 4. oaion and ending 
o ia gain i oeed. neda a  o 
15  ong and aie o. aie ion ie 
and onaie o a aeo ae.

  oeaen na
i ae i ain ooed  aneda o 

eda a gain  o 0  aie ine-
gained ie ia and oie. ee inea 
deine a oo aed eaoi eaage 1 
a od e oeed nde oia iooe and 
in  iage. e 1 eaage i ain  aae 
o e ediena aeing 0 deined  ein o 
ion-iani oide and deia oiiae gain 
ig. 5a. o o e ia and oie gain ae 
10 o 5  ong aog oie gain  o 100 
  aae o oie o 1ae ao oeed. 
age oie gain oeie deeo ee 
ado aoiaed o e 1 oiaion ig. 5.                                                                          
oe o e gain eeing oie ig. 5 
oeond o / ied-ae aoding o 
 anae ee ae 4. neeaed oiiae 
gain ooed  oie and dioaeda ia 
ae oon. on oide i eoida ae ae 
een ig. 5a e edo o a aggegae 

aoiaed i aigeni ineeaed oie-ia 
and a.

  na
anii ine-gained eadaie ain oo-

ed  a and aie i odinae oie 
and aoinie. oiiae ae and eongaed 
a gain deine a dionino eaoi 
eaage 1 a od e oeed nde e oia 
iooe ig. e. a a e a aie a 
een eii eaen and eea o 
and eaed ona ig. 5. aoinie o a 
io iega aggegae iing oid eaing 
eea aa gain and a eaing oie 
a oing diaie eiiaion aong e 
eaage ane ig. 5. neda iani oide 
onaie aaie and eeda ion ae een 
a aeo inea.

  na
ine gained eaandeie deiing andan 

 iiee eie and ed-on and eo o 
oange eine in and eien. nde e oia 
iooe i o a oi ee and i ain 
ooed  eno o aiied agioae and 
oie ieed in a gonda ooed  
aie ed ion oide and eo-on o oange ion 
odoide ienie and eonda ine-gained 
ie ia ig. . agioae i gea eaed 
 ine-gained ie ia ig.  ie ao 
eea ai inea ae ong aeed. ia 
inea ae ao eaed  eonda ied-aeed 
oiiae oing adia aggegae o eine 
and ae o eeda o aneda ae o e 
anie-aoie ai ig. . ianie ae a 
and aeo ion ao o. 

  ae iai eno o aie 
 o 0.  in eng een dei dioion 
oid eaen ied i ied-aeed 
oiiae eaeen  ine-gained ie 
ia in e ene on edge o iing ae 
ig. 5d. oeoe aie eno oe o 
aoeoida iani oide dei inion o i 
inea.  in a ee eae gge aeaion 
 doea id. n e gonda aie 
o a ioie  o 0.25  ong. oie 
o a eda o eeda a 25-150  
ong and -40  ide oe a deiing 
eea o and onaion od e oani in 
oigin ig. 5e in oe ae i inea o 
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aoiaed o eine indiaing a eonda oigin. 
ied-aeed oiiae o in ie 1-2 
 ide oing adia aggegae o eine 
indiaing a doea oigin ig. 5e. ae 
aneda a  o 100  ide eiiing 
eaen o aoiaed i e eine o 
ied-ae  i i oa eonda in oigin. 
ae o e anie-aoie ai ain aoie 
oing oe a      and ino   
e iion i agde ied aiie o 
aoeoida ae and eine ig. 5 and ao 
eda a  o 0.1  in ie ig. e. 

ae een o aoiaed o eaed 
i ae o ion oide 150  eea in 
aiie and agde e ae een iing 
ie ion oide ig. 5.

4.3. Composition of Phyllosilicates

 oaedal a
ae 2 o eeenaie anae o dioa-

eda ia. e in e eaandeie 17 i 
ain onain oie o oani oigin anae 
o a age aiaion in e i eg and ineae 

. 5. - iage: A. ae oing a oo aed eaoi eaage 1 deined  eeed oienaion o oie 
and ia ae i i ain  aae o e ediena aeing 0 a i deined  ein o ion-iani oide and 
deia oiiae gain. in eoida gain o ion oide an ao e oeed4 B. age oie gain deiing 
ee ado ie ao aoiaed o e 1 oiaion in ae4 oe o e gain eeing oie a ao 
oeond o / ied-ae aoding o  anae ee ae 4 C. ine gained eadaie ooed  a 
and aie a een eiiing eaen and eea o and eaed ona aoinie eaing oie 
a od ao e oeed 15 D. iai eno o aie een deiing dioion oid and eaen 
ied i io ied-aeed oiiae a ao in eaandeie 17 an aie eno oe o aoeoida 
iani oide deiing inion o i inea i ao on E. oie deiing eea o and onaion oa 
oani in oigin in eaandeie  17 F. ae o e anie-aoie ai iing agde iing aiie oing 
eda a and aoeoida ae in eaandeie 17 in e ai on in e e ig ae ae iing 
ie ion oide a ao.
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15o ao e al.  Andean Geology 44 (2): 179-212, 2017

age onen in dioaeda ia iin ea 
ae. n e ineae age-i diaga ig. a 
e iii and ea iion ae een. 
n e eg-i diaga ig.  o o e 
anae o aoe e ine o idea ea 
iion g e2V iVV V indiaing 
a eide ea iion a eioie/
eieadonie e iing o  oonen 
ae ao een. idoi e al. 14a deonaed 
a een in edi edo aagenei onaining 
ienieagneie e e/eo aio i oe 0.0. 
n o o e eaeie ion oide and e e-
en ienie a ideniied   indiaing 
oidiing ondiion. n e ona in done 
4 a onain ie and ae aeie a o 
e anae o aong e ine o idea ea 
iion.   

n o o e ia a/a ae oe an 0.05 
indiaing ino aagonii iion idoi 
14 idoi e al. 14. oee in 2 o e 
anaed gain i aio eae ae in e ange o 
0.05-0.17 and een an ioaed ae o 0. ae 2                                     

4 1-5. aagonii iion i oe eended 
in ia o ae oeonding o odiea 
iena an in oe o na.

en og  ae o an ineae in 
eaoi gade in an ea o e dieion o 
odiea iena o na e ooiiona ange 
o ia o e o aea oea ea oe ig. . 
e ide ooiiona ange eiied  dioaeda 
ia o e o aea oa deied o e 
ie o gain o deia and neooed oigin. 

loe
o e een ae died   on 4 

5 and 4 onain oie. nae i eidene o 
onainaion eiiing a22a onen 
o oe 1 ee no inded in ae  no oed. n 
e done o e aaeno aea 4 oie i 
ae and o in in aa gain a een 
ae nde e eoion o e  oneen e 
anae ee oained o i ae.

oie o ae o ig anione 
and eione 5 and 4 oea ea oe in e            

. . ooiiona diaga o dioaeda ia o doiian eaeie and eaoani o: A. ∑ Int-Si plot. B.
e2g-i o.
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TABLE 3. SELECTED EDS ANALYSIS OF CHLORITE.

Element
E4

2-1 2-2 2-3 2-4 2-5 2-6 3-1 3-4 4-1 4-2 4-3 4-4

Si 2.0 2. 2.1 2.5 2.75 2.4 2. 2.57 2. 2.75 2.5 2.7

AlIV 1.20 1.4 1. 1.47 1.25 1.52 1.17 1.4 1.7 1.25 1.41 1.27

AlVI 1.0 1.2 1.72 1.7 1.7 1.71 1. 1.7 1. 1. 1.74 1.

Ti 0.00 0.00 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Fe 2.50 2.5 2.5 2.1 2.52 2. 2.57 2.4 2.55 2.5 2.77 2.0

Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Mg 1.24 1. 1. 1.24 1.12 1.7 1.22 1.27 1.5 1.2 1. 1.25

∑oct 5.4 5.7 5.74 5.4 5.0 5.1 5.5 5.5 5.7 5.5 5. 5.

K 0.0 0.00 0.00 0.00 0.0 0.00 0.00 0.00 0.07 0.0 0.00 0.07

Na 0.00 0.00 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Element
E4

4-6 4-9 5-1 5-3 5-4 5-8 6-1 6-5 7-1 7-2 7-4 7-6

Si 2.77 2. 2.7 2.0 2. 2.7 2.74 2.50 2.57 2.55 2.2 2.57

AlIV 1.2 1.7 1. 1.40 1.7 1.21 1.2 1.50 1.4 1.45 1. 1.4

AlVI 1. 1.1 1.0 1.4 1.0 1.1 1. 1.72 1.75 1.7 1.0 1.

Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Fe 2.7 2.2 2. 2.4 2. 2.7 2.5 2.75 2. 2.1 2.7 2.

Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Mg 1.24 1.4 1.2 1.2 1.2 1.1 1.2 1.42 1.2 1. 1.27 1.5

∑oct 5.5 5.7 5.75 5.7 5.7 5.70 5.70 5. 5.1 5. 5.7 5.7

K 0.0 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00

Na 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Element
E4

7-8 7-9 8-4 8-5 8-7 8-10 9-2 9-4 9-5 9-8 10-1 10-2

Si 2.5 2.5 2.47 2.51 2. 2.4 2.51 2.4 2.5 2.57 2.41 2.4

AlIV 1.44 1.42 1.5 1.4 1.7 1. 1.4 1.54 1.44 1.4 1.5 1.54

AlVI 1.7 1.70 1.70 1.71 1.0 1.2 1.74 1.5 1.70 1. 1.2 1.

Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Fe 2.74 2. 2.1 2. 2. 2.57 2.2 2.7 2.7 2.7 2.2 2.

Mn 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00 0.00 0.00 0.0

Mg 1.7 1.45 1.41 1.2 1.4 1.5 1.2 1.2 1.41 1.25 1.44 1.

∑oct 5.4 5.4 5.2 5. 5.77 5.77 5. 5.5 5.7 5.0 5. 5.

K 0.0 0.0 0.00 0.00 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Na 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Table 3 continued.

Element
E4 Y5

10-3 10-4 1-1 1-2 1-4 2-1 2-2 2-3 2-4 2-5 2-6 2-10

Si 2.74 2.7 2.7 2.4 2.0 2. 2. 2.52 2.52 2. 2.2 2.5

AlIV 1.2 1.27 1. 1.52 1.40 1.7 1.4 1.4 1.4 1.7 1. 1.41

AlVI 1.4 1. 1.4 1.1 1. 1.0 1.70 1. 1.5 1.0 1. 1.

Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Fe 2.5 2.4 2. 2.7 2. 2.4 2.51 2.71 2.2 2. 2.7 2.

Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00

Mg 1.2 1.24 1.2 1.47 1.50 1.50 1.2 1.52 1.4 1.57 1.51 1.

∑oct 5.71 5.7 5.5 5.5 5. 5.7 5.2 5.0 5.4 5. 5.4 5.

K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00

Na 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Element
Y5

2-11 3-1 3-2 3-3 4-1 4-2 4-3 4-4 4-11 5-1 5-2 5-3

Si 2.57 2.5 2.54 2.54 2.4 2. 2.51 2.5 2.1 2.50 2.5 2.52

AlIV 1.4 1.44 1.4 1.4 1.51 1.4 1.4 1.47 1.1 1.50 1.44 1.4

AlVI 1. 1.5 1.57 1.7 1.5 1.70 1. 1.5 1. 1.57 1.0 1.5

Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Fe 2.0 2.7 2.7 2.2 2.4 2.5 2.75 2.7 2.1 2.0 2.1 2.1

Mn 0.04 0.00 0.04 0.00 0.0 0.00 0.00 0.00 0.00 0.04 0.00 0.00

Mg 1.55 1.5 1.55 1.0 1. 1.5 1.55 1. 1. 1.4 1.51 1.55

∑oct 5.7 5. 5.4 5.0 5. 5.7 5. 5.4 5.7 5. 5.2 5.5

K 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.05 0.00 0.00 0.00

Na 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Element
Y5

5-4 6-5 6-6 6-7 6-9 7-5 7-6 8-1 8-2 8-4 8-5 10-1

Si 2.2 2.4 2.4 2.52 2.47 2.5 2.5 2.5 2.5 2.4 2.4 2.5

AlIV 1. 1. 1.51 1.4 1.5 1.44 1.44 1.42 1.41 1.54 1. 1.47

AlVI 1.2 1. 1.0 1.0 1.55 1.2 1.5 1.7 1.4 1.5 1.0 1.54

Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Fe 2.7 2.55 2.2 2.7 2.4 2.4 2.2 2.4 2.2 2.1 2.74 2.7

Mn 0.00 0.00 0.05 0.05 0.05 0.00 0.05 0.00 0.00 0.00 0.04 0.00

Mg 1.4 1.4 1.4 1.5 1.55 1.5 1.57 1.5 1.4 1.5 1.4 1.4

∑oct 5. 5.5 5.5 5.4 5. 5.1 5. 5. 5. 5. 5. 5.

K 0.0 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00 0.00 0.00

Na 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Table 3 continued.

Element
Y5 N4

10-2 10-3 10-5 10-8 5-4 6-1 8-5 10-1 10-2 10-3 11-1 11-2

Si 2.4 2.57 2.4 2. 2.7 2.71 .0 2.4 2.1 2.5 .0 2.2

AlIV 1.52 1.4 1.54 1.7 1.0 1.2 0.4 1.0 1.0 1.05 0.2 1.0

AlVI 1.5 1.55 1.57 1.70 1.4 1.75 1.4 1.0 1.54 1.52 1.4 1.5

Ti 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Fe 2. .01 2. 2.72 2.7 2.5 2. 2. 2.7 2. 2.51 2.07

Mn 0.00 0.00 0.00 0.00 0.04 0.00 0.05 0.00 0.0 0.00 0.0 0.00

Mg 1.4 1. 1.52 1.42 1.7 1.42 1.2 1.4 1. 1.0 1.5 2.05

∑oct 5.7 5.4 5. 5.4 5.7 5.7 5. 5. 5.7 5.7 5.71 5.71

K 0.00 0.00 0.00 0.00 0.00 0.0 0.05 0.0 0.00 0.00 0.0 0.07

Na 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

-g-e o ig. 7a e ae eaie ie in 
 and ooe in i an oie o e done 
o e aaeno aea ee doiian o 
on aained adaned diagenei aoding o  
ae. n e eg e i diaga ig. 7 
ieia and ei 10 oie o e ee 
ae o a iia degee o di/ioaeda 
iion oad e doie end-ee and 
o V Va i aaeii o oie 
oed a o eeae. oee eea 
oie oae oeonding o ae 4 and 
5 dei i onen eo 2.0 a.... and  
o oaeda aion oe o e idea ae o  
i i noon in aniona eaeie. n 
e oe and oie o e diagenei ae 
ae ig oe oaeda oanie ig. 7 
and ige ea iion  VV-
i-1ge-1an oie o aniona-eiona 
ae. eoe in ae 4 eo/eog 
aie  e an 0.1 ggeing a eia 
eiii a aoaed on e ona i 
aio aie  0.17 and 0.15 eeie in ae 
4 and 5 ae . 

 edaye
o e ae 1 and e eaandeie 17  

anae oooae e oene o oe 
ied-aeed ae ae 4 and e aene o 
oie in ageeen i  anai. oeoe 
o e eaeie 4 4 and 1eea anae 
aing i oie-eaing ied-ae 
ee oained een og ae ie a ee 

no deeed   anae.  e od 
oeond o inego o oie i oe 
oiiae eo e eoion o  o o 
ino ied-ae ae no deeed  . 
ooiion o ied-ae ee eeened in a 
eg/i -neae /i ig.  eae i i 
no aeed  e noaiaion ieion eoed 
and ea diiinae aong / / and 
/ ied-ae o ao and ieo 2005. 
i diaga ao enae e ideniiaion o oe 
oe ied-ae eene ooed o ee 
dieen ind o ae. eeenaie anae o 
oie ioie and eie  0.5/0.5 ie o 
oie-oie 0.5/0.5 - oie-eie 
0.5/0.5 - and ioie-oie ae ao inded 
in ige  o eeene. ied-ae o ae 
1 ain o aond e oin oeonding o 
0.5/0.5 - aog e eii a onideae 
ae oad0.5/0.5 -. 

ied-ae o eaandeie 17 o  
o oaeda aion o 7.2 o .1 iing a 
i oie dioaeda and ioaeda ae. 
e dei a nao ange o e/eg i o 
o e ae oe o 0.5.  i e ain ineae 
aion i odinae a and oeie a. o 
o e anae o eeen / and / 
ooiion in e nage/i - eg/i diaga 
ig.  oee  daa do no a i an 
o ee o oonen ied-ae. oneen 
e aaeiaion o i ied-aeed inea 
od eie addiiona ig-eoion aniion 
eeon ioo d.



1o ao e al.  Andean Geology 44 (2): 179-212, 2017

. 7. ooiiona diaga o oie: A. ianga e-g- o B. eo  g e i o C. ∑oct-Si plot.

o o e anae o done 4 a e 
a e o ae 4 o o e e o e e 
ine a onne e oie and 0.5/0.5 -
 ooiion  eiie-ie ae ae 
oa e id oonen o oe o ee 
ied-ae eene ig. . n e oe 
and o ae1e e anae oaie i 
oie-eaing ied-ae oeond o  
ig. 4 o ioie gain o deia in oigin. 
e o nea e oin oeonding o 0.5/0.5 
- ooiion. 

 lae
e eaandeie  17 onain ae o e 

anie-aoie ai ae 5 ain aoie 
oing oid-oion i naoaoie a/: 
0-0.4 oae 4/4: 0.05 o 0.0 and ino 
anie   e. a oae een 
o deiienie on e aai ie oan o 
0.05 o 0.22. ieie deiienie in aai ie 
onen ae een eoed o neia eaed 
aoie i ae genea aied o doni 
iion oegen 1 and eeene eein.   
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5. Discussion

5.1. Clay Mineral reaction progress

aed on  ae and oene o aene 
o a eaage e died o an e diided 
in ee go: 

1. o a e done o e eaen an 
o iea de ana Vioia aaeno and ana 
Vioia ie o  ae in e ange o 
dee diagenei-o anione 0. o 0.47 
Δ2θ)and rough anastomosing bedding-parallel 
ioai 0. e a inea aeage 
ideniied in ee eie iie-oieoie                          

Table 4 continued.

Element
N4

7-5 7-10 8-1 8-2 8-3 8-4 8-11 9-2 10-4 10-8 10-9 11-3

Si 5.4 5.2 5. 5.7 5.75 5. .0 .0 5.7 5.70 5.0 5.75

AlIV 2.52 2.71 2.11 2.22 2.25 2.1 1.70 1.1 2.1 2.0 2.20 2.25

AlVI 2.17 2.2 2.2 1.5 2.0 2.1 2.5 2.7 2.40 2.57 2.27 2.0

Ti 0.00 0.00 0.0 0.00 0.00 0.00 0.15 0.10 0.00 0.00 0.00 0.00

Fe 4.14 .4 .70 4.2 .4 4.04 .4 . .54 4.1 4.2 .0

Mn 0.0 0.07 0.00 0.00 0.00 0.07 0.00 0.00 0.0 0.00 0.10 0.0

Mg 2. 2.77 2.5 2.1 .15 24 1.0 2.14 2.70 1.4 2.2 2.52

∑oct .0 .0 .7 .00 .7 .07 .05 .45 .7 .70 .2 .0

K 0.22 0.1 0.2 0.2 0. 0.4 0.44 0.42 0.25 0.4 0.2 0.5

Na 0.00 0.00 0.00 0.00 0.00 0.00 0.1 0.00 0.00 0.00 0.00 0.00

Ca 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Σ int. 0.22 0.2 0.2 0.2 0. 0.4 0.4 0.42 0.25 0.4 0.2 0.5

. . eia aiaion o ied-ae on e aa/i e eg/i diaga. eeenaie anae o oie  
0.5/0.5 ie o oie-oie oie-eie and ioie-oie ee inded in ode o e e a a eeene.
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aoinie o iie-oie// ae in 
ageeen i e diagenei-aniona gade 
indiaed   ae.

2. o e e ae o ai een an o 
iea de ana Vioia dei  ae in e 
range of high anchizone-epizone (0.30-0.36°Δ2θ) 
and og anaooing aed eaage 1 
aae o e ediena aeing 0 o a 
enaion eaage 1 oie o 0. e a 
inea aoiaion ideniied in ee ae 
iie-oie aoinieoieeie do 
no eeen eiii aeage neie ae 
e onien i e  ae indiaing ig 
anione o eione. oneen eie and 
aoinie oa eeen eogade-diagenei 
od ieo e al. 2005.

3. ina ae and eaoani o o na 
o  ae o ig anione o eione 
(0.23-0.35°Δ2θ). In these slates a discontinuous 
enaion eaage 1 oie o 0 o an 1
eaage ain  aae o e ediena 
aeing 0 i oeed. e ae o i 
go o a-inea aeage oiing 
iie-oie and oie in oeene i e 
aniona/eiona gade indiaed   ae. 
n e ona o o e ae oni o 
oe a-inea aeage oiing 
in addiion o iie-oie and ae oie 

diee oiiae ie aoinie eie 
and aio ied-ae / /V and 
/i a ae no ae in e anione and 
neie in e eione eian and eao 1. 
oneen ee ae od no eeen 
ogade eaoi ae in ee o. 

n e eadaie o iea de oinoa-aa 
eiaia go o aoinie on ae o ia 
oie a oeed a  iage ig. 5.      
eea a e eaandeie o e ae oo 
dei ong eidene o doea aeaion a 
oia iooe and   a eno o 
aie deiing dioion oid eaen ied 
i ied-aeed oiiae and eaeen 
 ine-gained ie ia ig 5d e. oeoe 
ied-aeed oiiae o eine oeie 
aoiaed i ae aneda a eiiing 
eaen. eoe in i eaandeie 
ae o e anie-aoie ai o in oe 
aoiaion i goeie ig. 5. aoie i a 
eaie oon inea in e egene one o 
ie-eaing oe deoi.  an ao o in aine 
ae and aa o aeo ae a i deied 
o e oidaion o ie and anoed an 
ioee  gondae e e al. 12. n 
e oe and doea ea-eaed aoie 
an o o e aeo ae deied o e 
oidaion o 2 in eiea enionen and o 

TABLE 5. SELECTED EDS ANALYSIS OF SULFATES.

Element 8/1 9/17 10/3 10/4 10/15 12/1 12/2 12/4 12/9 13/8 14/5 14/6 16/4

 Na 0.00 0.11 0.00 0.12 0.1 0.22 0.00 0.0 0.12 0.11 0.00 0.00 0.2

 Mg 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.00

 Al 0.12 0.0 0.0 0.0 0.05 0.0 0.07 0.0 0.04 0.07 0.10 0.07 0.0

 P 0.0 0.24 0.2 0.2 0.2 0.1 0.7 0. 0. 0.7 0.2 0.4 0.2

 S 1.1 1. 1. 1.5 1.1 1.7 1.1 1.2 1.2 1.0 1.5 1.5 1.0

 Cl 0.00 0.00 0.00 0.0 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00

 K 0. 0.7 0.7 0.7 0.75 0.72 0.7 0.7 0.7 0. 0.74 0. 0.57

 Ca 0.0 0.05 0.00 0.0 0.0 0.00 0.05 0.0 0.0 0.0 0.0 0.10 0.04

 Ti 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00

 Fe 2.7 2. 2.7 2.70 2.2 2.7 2.70 2.7 2.7 2.7 2.7 2.44 2.0

Na+K+2*Ca 0. 0.4 0.7 1.02 0.5 0.4 0.5 0.1 1.0 0.2 0.7 0.0 0.2
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ing oon aoiaed i oani e e 
al. 12 e and e 171. e ea eae 
o aoie in e eaandeie iing agde 
iing aiie oing aoeoida ae and 
eine and oing eda a  o 0.1                                                                                       
gge a doea oigin. oaion o aoie 
eie ig ei ion aiiie ig ae 
onenaion and o  oegen 1 
oneen e aii ied o aoie i eied 
o eee aidi and oidiing enionen 
oegen 1 e and e 171. e 
o  neea o o aoie i inonien 
i e oene o agioae in e ae o. 
ean e al. 2005 eained e eeaion 
o agioae in aoie-eaing aeed oani 
o  eiing e o- id o iied 
oe nea e ie o aoie oaion i 
i onien i e ee oeed in e died 
eaandeie.

n naa enionen e o igniian 
ono on aoie aii i i eaion o o 
goeie o eaie oegen 1. n e ea-
andeie 17 goeie a ideniied    
e aoie-odoide aeage od ae 
oed aond o eo 100  e eeae a 
i e goeie o eaie aniion ae ae 
angi 171. e eaoani o eoed 
on iea de oinoa-aa eed o -
aine oani eaed o e doiian oani 
a. oneen ee ea and ineaogia 
eae od e e e o a doea a-
ii eaed i e oani a een o 
e ai ia and e aainen o eiona 
eaoi. n i one e oene o 
eie aoinie a e a ineaiied /
 and /V ae in o o e aniona/
eiona ae o iea de oinoa-aa and 
iea de inonada od ao e oneene 
o aeaion  doea id eaed i 
e oani a  e eeen eogade 
diagenei od ieo e al. 2005.  ee 
eogade-diagenei a-inea o a ee 
aae o -aae o e oigina eaoi 
oiiae. e ae e e o eiaia and/
o ooaia eaion e.g. oegi e al. 2001 
eeoe e inei e ae aogai 
oienaion o e oe ae ieo e al. 14 
2005 ene a diinion eeen eaoi 

and eogade oiiae aed on on ei 
oienaion i ioie. 

e oon oene o aoinie in e ae 
and e eaoani o o iea de oinoa-
aa died oed i e iion o 
oie  ineaiied oe-eeae ae 
in o o ee o ao indiae doea 
id i ig /aion aio oding aid 
e aeaion a eeae o eeen 100 
and 00  ada 10 noe 15.  o 
no e on eidene o doea aii 
onneed i e doiian a enioned 
in e ieae a e oene o eea 
ineaied a ein oed in doiian 
ed in e iea de ana Vioia and iea de 
oinoa-aa aig e al. 15 oia e al. 
2001.  e eidene eened in i o 
onie  o o noedge e i eo o 
an eenie doea aii aeing no 
on e eaoani o  ao e oe 
doiian eaedien o noen na and 
e eaen an o iea de ana Vioia. 

5.2. Chlorite geothermometry

e ae aied e eodnai-aed geoe-
oee o di-ioaeda oie ooed  
odee e al. 201. oding o odee and 
aeinea 2015 and Vida e al. 2005 eo-
endaion on anae oing aanie 0.1 
a..../i2.5 a.... and a22a0.5 
e ee onideed o geoeoei aa-
ion. o ae a een aied o o dieeniae 
aong deia anoed and neo-oed oie 
a e enaion eaage end o e  aae 
o e ediena aeing. oding o iogei 
e al. 17 e ineeaed oiiae gain 
een naed a a oe eogniae 
in ige  o 4 eeen oe deia gain 
anoed ding e diagenei-eaoi 
eoion e inei e oigina ae o e 
a  ne inea go ding e ogade 
and eogade eoion. e e o e ee 
oie-eaing ae ae on in ige .

eoeoei aaion ied eeae 
o 124 o 1 o e done 4 o 
aaeno aen odiea n aeage 1  
and ae in e ange o 17 o  n1 

1 e .. e .. 17. e ae iooe geoei o aoie. nied ae eoogia e en-ie eo 7:  .
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aeage 27  o e ae 5 o ai. n e 
oe and a ide ange o eeae o 151 
o 22  n2 aeage 21  ee oained o 
oie o ae 4 o noen na. 

oee geoeoei aaion od 
no e aoied o 10 o oie anae 
o 4 and 50 o oie anae o 5 enoed 
in e aanie 0.1a..../i2.5 a.... in-
do a aoding o odee and aeinea 
2015 ae oide e  ange o aiaii o 
odee eoee and  oa oed 
a  50 .

5.3. Phengite geobarometry

e ooiiona aiaion o dioaeda 
ia og e ea o engii eo 
i ain onoed  ee o oaion Vede 
15 17. aed on i oeaion aone 
and ee 17 ooed a i ioe gid 

o eiae ee o oaion o eaoi 
dioaeda ia o o onaining e iiing 
aagenei ---. e ae oained 
oe an 100 anae o dioaeda ia o 
e ie eaeie anaed een og i on-
en o -ie ia o ae o aaeno 
and na od no e eoed o geoaoei 
eiaion. n e i ae eae e ee-
ae oained  oie geoeoe ae 
eo e ange o aiaion o e aone 
and ee gid and in e oe ae eae 
ee and a inea aoiaion eidened 
a ong eogade oein. 

n e oe and e o ae o ai 
o a inea aoiaion a do no eeen 
eiii aeage and a ae ao inoni-
en i e  ae indiaing ig anione. 
oee e eogade oein o e doi-
ian o o e een an o ana Vioia 
ange i e ong an in e oo o na. 

. . eeae oained o e ee oie-eaing ae i e geoeoee o di-ioaeda oie ooed 
 odee e al. 201 eeened in e -i-2 diaga odee and aeinea 2015. oe in 50  e 
o oid ine and eii-ooiion eeae ae eeened. 
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eeoe e ae oen e ae o ai o 
geoaoei oe aing ao ino aon 
a one o e ae onain e iiing aa-
genei --- i oie in ae o 
ogoie a eoagneian ae. ioaeda 
ia a eidened ineae age 0.5 ee 
no onideed o e geoaoei eiaion o 
aoid dai ee o iii iion i ao 
ode ee i. eoe anae oing 
i- ae ige an ge onen ee ao 
eded a e deiae o idea ea 
iion.  e i onen o dioaeda ia 
o e o ae o ai aie eeen 2. and 
. i an aeage o .1. ing e eaaed 
i ioe gid ied  aone and a 
17 and onideing e ai eeae 
aaed  oie geoeoe o e ae 
5 00-50  ae eeen 1. o 2. a 
an e eiaed o e doiian eion in 
e een an o ana Vioia ange.

5.4. Interpretation of the paleotemperatures 
indicated by inorganic indices

e ide ange o eeae oained aing 
e oie geoeoee o e ae o 
noen iea de oinoa-aa 12-22  
a e a e o aeage oed 22  ae 
in diean i e ig anione-eione  
ae oained o e ae o i aea. eeee 
ei ai ae  00  ogee i oe 
andan anae o i e aiaion o oie 
geoeoe i no eoended de o e 
aoe 50  ee eo ae e in ageeen i 
  ae. eeoe e oea ange o oie 
ooiion od eeen e  o oe oed 
o a eeae nea e eaoi ea 
and e ideead o-eeae doea 
aeaion. Vida e al. 200 201 and eeene 
eein eened a in i oie o dieen 
ooiion aied a dieen eeae and 
ie o e diagenei-eaoi eoion e 
ae oen oeed o eaa oei in dieen 
ioa ie o e ae o. n  ae 
e deiniion o a inge eeae and ee 
i ioie and i anno e eied o e ea 
eeae ondiion Vida e al. 201.

n e oe ide e aeage eeae 
oained o e ae o e een an o 
iea de ana Vioia 27  i in ageeen 

i e  ae oeonding o ig anione. 
eoe i ae dei a naoe ange o 
ae 17- . eoeoei aaion 
ied oe aeage eeae 11  o e 
done o e eaen an o iea de ana 
Vioia 4 aaeno an o e ae o ai 
250.5  oaed o e e in ageeen i 
e end deied   ae. 

oianding e eeae oained 
o ae o noen na and odn de 
o iee eano ai od e onideed 
ini ae o ea aea a 10 o oie 
anae o 4 and a o oie anae o 5 
od no e eoed in a aniaie a o 
geoeoei aaion eae e ae 
oide e  ange o aiaii o odee 
eoee  indiae  50  odee 
and aeinea 2015.

e - end oed   ae o 
diagenei/o anione in e eaen an o 
iea de ana Vioia o ig anione/eione 
in e na i ineediae ae a ai in 
onnion i e deeoen o a a ea-
age in e doiian o o ai iea de 
oinoa-aa and een oaiie oinide 
i e ii ooed  ongn 12 o i 
oi deoaion e. ee e ae ao in 
ageeen i eio die a ideniied a e 
o ai deoaion aeing e agai-
ediena oinoa-aa oe on and 
ongn 11 oia e al. 2001.

e ee o oaion o eaoi 
dioaeda ia ing e i ioe gid 
ooed  aone and ee 17 od 
on e eiaed o one ae o ai. e 
oained ae eeen 1. o 2. a indiae 
an ineediae geoea gadien o 0-5 /             
o e doiian eion in e een an 
o ana Vioia ange i i ia o ae 
aie agin o oeand ain e.g. en and 
en 2005.

5.5. Temperatures inferred from inorganic indices 
e conodont paleothermometry

e a aon o ogani ae a ono-
don inde in ei ioog oniing ain 
o aaie ie aeae gada ange oo 
o ae o on o a a e aon i e 
iin e eeae ange 50  o 00 .  
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ige eeae 400 -00  oa ning 
gada and ogeie deooe aaie 
ai eing in oo ange o a o ga 
o ie and ina aine eoe e onodon 
i deoed oee. onodon eeoe an 
indiae e ini and ai eeae 
eaed  e o a onain e og a 
oo aeaion inde  iae o a ide 
eeae ange 50 -00 . ee eea-
e ae ain eaed o e de and daion 
o e ia o e o and geoea gadien 
ein e al. 177 eeian e al. 17.  i 
o noing a in ona o inogani indee 
o ia eeae ogani oie ie  
ae no aeed  eogade eaion.

e eeae eiaed og inogani 
indie o e eaen an o iea de ana Vioia 
oinide i oe indiaed  onodon o e 
aa oaion a aaeno ana e al. 15 
iiano e al. 201a and e ana oia Vodan 
e al. 201 and oie oaion Vodan e al. 
201 a ana Vioia i   110-200  
ein e al. 177. oeoe onodon ae no 
ae o deoaion o eaoi aeaion 
aoding o e iaion o eeian e al. 
17 and ae ao. oneen e ee 
a inge ediena ia io. onodon i 
  ee ao doened in oe doiian 
eoe in oe oaiie o odiea iena 
 a in aa-naai ao and oeo 1 
ega and anei 2005 aaa eao e 
al. 200 eada de aaa anei and 
eoaa 2005 and e aio ange eao 
and anei 201. oee onodon die 
in aio oaiie o e een agin o e 
odiea iena o eae in e aea o  
ngoo de oeno oa and anei 2000 
ngoo de a eea aooi e al. 2011 o 
ooado ange aooi e al. 201 o de 
in  anei e al. 2014 and ienegia ao 
e al. 15 eea agond aeoeeae 
eiaen o  2- ig oe an oe 
eoded in e aoe enioned oaiie.

nonae e aigai eion aed 
o onodon in e aniiona aea o e 
odiea iena o e na egion a ai and 
oinoa-aa and inonada ange o e 
na ee aen o ee iooi o  
anae. e on aaiae ioaed eod o 
onodon  o e na ae oe o e ai 

eion in e aa de inn aea o een 
na i oeond o e odylod lndo
one o e e aian iiano e al. 
201. ee onodon eeen eii a ae 
o odeae eeaion i da-on o a 
oo aeaion oeonding o  4-5. ee 
ae indiae aainen o anione o eione 
oiniding i e ia eeae eiaed 
 inogani indie in i o.

6. Conclusions

-aed die o eaeii and eaoani 
o eened  ea die nde e  
e oine e ea o deoiiona eoion 
o e doiian eion o no-een 
genina and ideniied eidene o eogade 
eaion. e aeoeeae oained i e 
oie geoeoee odee e al. 201 
in oinidene i  ae oed an - 
end o diagenei/o anione in e eaen 
an o iea de ana Vioia o ig anione/
eione in e na i ineediae ae in 
e een an o iea de ana Vioia. i 
end in onnion i e deeoen o a 
a eaage in e doiian o o ai 
iea de oinoa-aa and een oaiie 
oinide i e ii ooed  ongn 12 
o i oi deoaion e.

e oon oene o aoinie in e ae 
and e eaoani o o iea de oinoa-
aa died oed i e iion o 
oie  ineaiied oe-eeae ae 
in o o ee o and e oene o aoie 
in a eadaie indiae doea id i 
ig /aion aio oding aid e aeaion 
a eeae eeen 100 and 00  ada 
10 noe 15. e doea aeaion 
od ae een een o e ai ia 
and e aainen o eiona eaoi and 
a oa eaed i e oo aii 
o e doiian oani a. e ideead 
oene o eogade diagenei od eie 
aoinie a e a ineaiied / and /
V ae in e aniona/eiona ae o 
iea de oinoa-aa and iea de inonada 
onie  o o noedge e i eo o an 
eenie doea aii aeing no on 
e oani o  ao e oe doiian 
edien o noen na. 
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Acknowledgements
e e o . ea i e  eno de n-

enain ienia nieidad de anada aa
a eenia o e een o. . aein eaed 
e ae o  a diaion and . iodanengo 
eed i e digia ige. e ao od ie 
o anoedge e e o e diaoee o 
eaaeno de io-ia nieidad aiona 
de doa genina and eaaeno de ineaoga 
 eooga nieidad de anada. e iia eie 
and ggeion o e o anono eiee ae 
ioed e ai o e ae. i o a inaned 
  -  200-177 gan genina eea 
oe 2011-015 ani ini o iene and 
e eea o -017 o e na de ndaa 
ain. e a o . o ao a e nieidad de 
anada a oed  and  gan ogaa de 
oiidad adia de ogado.
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