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Motivations

To teach undergraduate petrology students about one arc system in some detail

To capture some of the excitement of studying arc volcanic rocks

To build skills in relating plate tectonics to petrography and major element
chemistry




Materials

(all can be downloaded from SERC MARGINS minilesson
website)

* One powerpoint

e Three handouts




RLavan af the Cenirad American Are (andoss Fart Ce)

Wning favs of the Crntral American vlcanic sre (CAVA) b trach shost
petrngrncss of ignrsas rucks in ubdection psors

ke 8 bancructer. Thi “min esson” b e dome i e modk shermaing
etueen muaterials presewied by the insnicior

e ecomme o gmi s ll i Powat ot bt g
th hamdout, wad becawes you will wand groug reponies 10 question on the Porwerpomt
All o the Fgarcs i e bandost aie privided i the Puwerprint, but nst all of the
prweipin gares sre presentod, Poweipoint viades are abeo labeled o the ket lefl il
s barw they oocur i the Randowt. The ismarscter is encoutaged 1o modify the
Porwerpoumt s waefal fon their clanses and syfabun. We recommen that stidests resd
“Handoui Part 1° fise. shen the imurucioe should persesi e Powrmpoirs segmem: “Far
o backgmand”

The skits dhai stsdein i loarnipracecs in tin scthity inclode
= Caboulasion
+ Vil extimat
+ Calculuion of normative minmalogies

The concrpts thit are crophasiond tecugh the activiey se
. ik bog v modal
AT —CE—————
< magmas y melting of

v ), and
. be ke b st

arder & Serestiatons 10 destly prirmary manve g,

g v s s b will veady g i g
el sl i il P ki g whvick

Vol ypes

+ plate tocionies

Foe classes g mere abous the
Cesiral American volcani W, seven b “min esons” i he SERC llection
than give aha give

o
o crupion, [hap:aers carletinn oy mar g misilevon | 0 imd |

1. OVERVIEW of CENTRAL AMERICA

Lavas of the Central American Are (Handout Part Oune)
INTRODUCTION

It is challenging to und d the p that form arc lavas, because these
processes and their products - the rocks - vary over so many scales. The subduction zone
associated with any convergent plate margin extends hundreds of kilometers into Earth’s
interior and the overlying arc-trench system that it engenders can be traced for hundreds
1o thousands of km along strike. Subduction is responsible for some of most dangerous
natural hazards: cartl is and explosive voleanism. Subduction zone

ism also benefits by producing ore deposits and geothermal energy.

Even though subduction has been recognized as a central pant of plate tectonics for
almost fifty years, we still have much o learn ahow the operation of this gigantic solid
Earth system, which we also call the “Subduction Factory™ ( 1). The Subduction
Factory recycles raw materials from the seafloor and under 2 mantle o create
distinctive melts, which ultimately make up the continental erust where most of us live,
The huge extent and deeply buried nature of the global Subduction Factory makes it very
difficult to study. so most large-scale research projects focused on subduction processes
such as MARGINS and GeoPRIMS inv, olve interdisciplinary 1cam>- l]‘ml include
geophysicists, gcmhl::mmu petrologists, marine gealogis . geadynamic

lelers, and cxper

Figure 1. Diagrammatic representation of major processes and products of the
Subduction Factory [htp:iiwww jamstee go jpljamstec-
eMFREESifree2iifree2imagelfig? e gif].

Instructors in Part
—

Notes for

One

2. Info about Cerro Negro and
llopango;
Modes, QAPF, Norms, TAS, and Mg#

Lavas of the Central American Are (Handout Part Two)

Using lavas of the Central American voleanic arc (CAVA] to teach about petrogenesis
of igneous rocks in subduction zones

In this section, you will learn about three complementary methods that we use to
characterize voleanic rocks, using lavas from two distinctive CAVA volcanoes as examples
The three methods are the visual mode, the major elerent analysis, and the theoretical morm.
The mode (short for modal mineralogy) is what you see in the rock as a result of hand
specimen and thin section examination — it is the relative volume proportions of the minerals
actually in the rock. The major element analysis provides information about the bulk
chemical composition of the rock of interest and also provides the basis for calculating the
normi (short for normative mineralogy), which is a hypothetical mineralogy for the rock, i all
the chemicals were partitioned into minerals. The two volcanoes we will look at in detail are
Cerro Negro, in Nicaragua, and llopango, in El Salvador (Fig. 8).

T
o

GUATEMALA

NICARAGLIA

Cerro Negro
(Las Pilas)

Figure 8. Voleanic centers along the volcanie front of the Central American voleanic are. Two
voleannes are of spectal imterest here: Hopango m El Salvador and Cerro Negro wr Nicaragua
Cerro Negro ts a small voleano assoctaled with the mueh larger EI Hoyo-Las Pilas voleanie complex.
and Mopango is a moderate-sized caldera. Note the vighi-step offsets in the trend of the are.

Three

andouts

3. Exercise Sheet: Cerro
Negro and llopango Modes,
QAPF, Norms, TAS and Mg#

Lavas of the Central American Arc (Student Activity Sheet)
Name: Date:
Exercise 1. Modal Mineralogy
Al the table below, use the modal mineralogy for each sample to caleulate
renormalized vaiues for the QAPE classification diogram. Ploi the sample locations on

the diaggram (mext page), and then record the appropriate rock name on the last row of
the table. The first sampie (EXAMPLE) has been done for you.

(1) Modal Mineralogy

| EXAMPLE T der To da To da
Mineral Volune Percent Volume Verlume Vorlume
Percent Percemt Percens
Onartz 25 0 [ I
Alkali Feldspar 4 23 I 35
Plagioclase 15 45 7o 25
| Feldspar
Nepheline 0 [ 0 20
(feldspathoid)
Biotite 12 [ 0 16
Hornbiende [0 14 1] 1]
Clinopyroxene [ & 7 [7]
O.mmg' o [ & 1]
Me & [ i 4
T'utnf A 100
(2} Add modal QAPF valies
| Onartz 25
| Alkali bsp 40
Plagioclase Fip 15
Feldspathoid 1]
Total B &
(3) Renormalize QAPF values by dividing each O, A, P, F vafue by Total B and
muitiplying by 100
Chartz 25/80 % 100
31
Alkali Fsp J0/80x 100
| 50
Plagioclase Fsp 153/80 x 100
19
Feldspathoid 80 x [00 =0
Total B 1on
QAPF Rock rhyolite
Name




The Central America Arc: 66 slides to show the class




Simplified tectonic map of the Central American convergent margin, national boundaries, the
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The Central American Subduction Zone

Trench Forearc Valcanic front
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Cerro Negro, 1968 eruptlon

Handout 2 focuses on Cerro Negro, Nicaragua. Ash and cinders erupt from the summit
crater in 1968 as a vent near the base of the 150 meter-high cinder cone feeds a basaltic
lava flow (R. Decker). Handout 3 walks students through a set of exercises about Cerro
Negro (bassalt), then same exercises for llopango (rhyodacite)




Cerro Negro
exercise 1:
Modal Analysis

Mode of CAVA lava

Mineral

Volume
Percent

Quariz

Alkali
Feldspar

Plagioclase
Feldspar

Nepheline
(feldspathoid)

Biotite

Hornblende

Clinopyroxene

Olivine

Magnetite

Total A

Quariz

Alkali Fsp

Plagioclase
Fsp

Feldspathoid

Total B

Alkali Fsp

| Fsp

Plagioclase

Feldspathoid

Total B

(A) Q

Quartzalkali 95

65
rachyte
Quartz ;
Alkali rachyte trachyte Euart | qtie Andesite, t-asal!\
s
Trachyte Latite

A Foid-bearing /

Foid-bearing Foid-bearing
Foid-bearin wachyte latite andesite, basalt

alkalitrachyte 15

Pronalitic tephrite
(basanite)

Foidite

F

QAPF classification diagram for volcanic rocks.



Cerro Negro
exercise 2:
The Total

Alkalies-Silica
(TAS) diagram

Exercise 2. Major Element Chemical Analysis

A) In the table below, calculate the Y plotting values (Na>(O + K>0) needed to classify
each geochemical analysis on the Total Alkalies versus Silica diagram provided below.
The first sample (CN-4) has been done for you. Write the name of the rock at the bottom

of the table.
Oxide CN-4 CN-6 SAL-IL-4 SAL-IL-5 SAL-IL-1
Si0); 48.6 504 58.21 66.8 70.6
1i0; 0.65 0.83 0.66 0.4 0.25
AlLO; 14.4 20.0 17.6 15.7 14.9
FeQ (total) 11.0 9.6 6.45 3.76 2.00
MnO 02 0.18 0.14 0.08 0.12
MgQO 9.97 3.69 334 1.5 0.68
CaO 11.3 11.4 7.62 4.17 2.89
Na,0 1.78 2.38 343 428 414
KO 0.35 047 1.12 1.99 23
P05 0.06 0.32 0.23 0.27 0.17
LOI 0.08 0.10 0.35 042 1.97
Total 98.39
Good Analysis? yes
Na>0 + K0 ~ 2.13
Rock Name basalt
Na,O + K,0 wt%
15
= phonolite
13-
B pt:::c;ilgte trachyte (q<20%)
" trachydacite (q>20%)
B phono-
9 |- P tephrite 1
foidite Y. ,
r :ephme it andesite rhyolite
7+ (ol<10%) trachy-
B [ basaritte andesite
| {ol>10%)

dacite

andesite

basaltic
andesite

37 41 45 49 53 57 61 65 69 73

77
Si0, wt%

Total alkalies — silica (TAS) diagram for volcanic rocks. Red dot is smznp!e CN-4.



Cerro Negro
Exercise 3:
Mg# and
primitive vs.
fractionated
magma:
Oxidation state
of Fe

B) Re-examine the analyses in the table below (same samples as in Ex. 24). Calculate the
MGH for each sample assuming all of the I'e is I'e2+. Then, split the I'eO (total) into
Fe3+ and Fe2+ assuming that 25 percent of the FeQ total is actually Fe>Os and the rest
is FeQ (intermediate range from Kelly and Cottrell 2009). Now recalculate the MG for
each sample, and determine whether it is likely to be an unfractionated, primitive mantle
melt, or a melt that has either been fractionated or is from the crust.

Oxide CN-4 CN-6 SAL-IL-4 SAL-IL-5 | SAL-IL-1
Si0; 48.6 50.4 58.21 66.8 70.6
1Ti0; 0.65 0.83 0.66 0.4 0.25
AlLO; 144 20.0 17.6 15.7 149
FeQ (total) 11.0 9.6 6.45 3.76 2.00
MnO 0.2 0.18 0.14 0.08 0.12
MgQO 9.97 3.69 334 1.5 0.68
CaQ 11.3 11.4 7.62 4.17 2.89
Na,O 1.78 2.38 3.43 428 4.14
K0 0.35 047 1.12 1.99 2.3
P0s 0.06 0.32 0.23 0.27 0.17
LOI 0.08 0.10 0.35 042 1.97
(1) Calculate MG# assuming FeQ (total) is all Fe2+

MG#

64.5

(2) Recalculate FeQ and Fe203 assuming that F'e203 is equal to 25 percent of F'eQ total

F8203

2.75

FeO

8.25

(3) Recalculate MGt using recalculated FeQO

MG# 70.9
Is sample likely
to be primitive yes

mantle melt
(MG#>65)?




Cerro Negro
Exercise 4:
Magmatic

fractionation

Lavas of the Central American Arc (Student Activity Sheet)
Exercise 4. Application of methods to investigate petrogenesis of arc lavas
A) The petrogenesis of Cerro Negro, Nicaragua

CN-4 erupted from Cerro Negro in 1957-1960, but then the volcano was pretty quiet
for eight years until it erupted again in 1968. In order to understand what happened to the
Cerro Negro samples during those eight years, we can compare the mineralogy and
geochemistry of Sample CN-6 (1968 lava) to CN-4 (1960 lava). Figure 11 shows hand
specimens of these two lavas and you should be able to tell at a glance that they look
different: the older lava (CN-4) has more olivine and pyroxene phenocrysts and the
younger lava (CN-6) has more plagioclase phenocrysts.

&

CN-4 1957-1960 10% MgO CN-6 1968 3.7% MgO

¥

-
%
pe &
L

Figure 11. Hand specimens of two Cerro Negro lavas, erupted 8 years apart.

Carry out a modal analysis of CN-6, record your results on the following page, and give
the rock a name, using the QAPF diagram (next page). Compare this with the mode and
name given from QAPF for CN-4. What are the big differences in the modes of these
two lavas?



llopango 1880 eruption of Islas
Quemadas, source of IL4

1M Y W



| use it in GEOS 3464 “Igneous and Metamorphic Petrology”
Junior level course. Typically 25 students enrolled.

2 75 minute class sections

First class period: Classes watches powerpoint as part of lecture
Takes home Handouts 1 and 2 and reads before next class.
Second class period works exercise (Handout 3)

Given after 2 lectures on convergent margin magmatism and
students read chapter about this in textbook

Class also sees video “Plate Tectonic Basics 1” 9 minute animation
about lithosphere and seafloor spreading
https://www.youtube.com/watch?v=6wJBOk9xjto



	The MARGINS Minilessons:�Central American Volcanic Arc
	Motivations
	Materials�(all can be downloaded from SERC MARGINS minilesson website)
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Cerro Negro, 1968 eruption 
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14

