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[bookmark: overview]Introduction
This document includes the R code used to produce plots for Armistead et al., Code is presented for plots in the same order presented in the paper, including: whole-rock geochemistry data, bootstrapping REE data, spider plots, Hf vs age, O vs age, as well as some additional tectonic discrimination diagrams for whole-rock geochemistry data. All plots were exported as pdf files and edited using CorelDraw. Jack Gillespie is thanked for an earlier version of the code written to produce spider plots. Data files used are included in the supplementary data: BemGeochem.csv, BemHfOArmistead.csv, Odatabase.csv, Hfdatabase.csv
Please contact Sheree Armistead for any further information.
[bookmark: _GoBack]Packages required to run scripts
library(ggplot2)
library(ggthemes)
library(ggtern)
library(ggpubr)
library(dplyr)
library(tidyr)
library(boot)
library(tibble)
library(cowplot)
library(RColorBrewer)
[bookmark: set-relavent-working-directory]Set relavent working directory
setwd('U:/4.software/R/Geochem')
[bookmark: hf-and-o-plots]Hf and O plots
[bookmark: import-data-and-database-file]Import data and database file
hf.dat <- read.csv("BemHfOArmistead.csv")
o.database <- read.csv("Odatabase.csv")
hf.database <- read.csv("Hfdatabase.csv")
[bookmark: generate-figure-3-combined-hf-vs.age-and]Generate Figure 3: combined Hf vs. Age and O vs. Age plots
This first section stores the Hf vs. Age plot as hfplotA, and the O vs. Age plot as oplotA
hfplotA <-ggplot(hf.dat, aes(x=Age, y=Hf)) + 
  labs(y=expression(paste(epsilon, "Hf(t)")), x="Age (Ma)") +
  geom_hline(yintercept=0) +
  geom_abline(intercept=16.44, slope = -0.0036) +
  geom_abline(intercept=13.2, slope = -0.00289, linetype=2) +
  geom_errorbar(aes(ymin=Hf-Hferr, ymax=Hf+Hferr, width=2)) +
  geom_errorbarh(aes(xmin=Age-Ageerr, xmax=Age+Ageerr, height=.7176)) +
  geom_point(aes(fill=Sample, shape=Sample), size=2) +
  scale_x_continuous(expand=c(0,0), limits=c(650,800)) +
  scale_y_continuous(expand=c(0,0), limits=c(-20,20)) +
  coord_cartesian(xlim=c(650,800), ylim=c(-20,20)) + 
  scale_shape_manual(values=c(21,21,23,23,23,22,22,22,22,22))+
  scale_fill_brewer(palette="Spectral", direction=-1) + theme_minimal(base_size=8)

oplotA <-ggplot(hf.dat, aes(x=Age, y=O)) +
  labs(y=expression(paste(delta^18,"O")), x="Age (Ma)") +
  annotate("rect", xmin=650, xmax=800, ymin=4.7, ymax=5.9, alpha=0.2, fill="lightslategrey") +
  geom_errorbar(aes(ymin=O-Oerr, ymax=O+Oerr), width=2) +
  geom_errorbarh(aes(xmin=Age-Ageerr, xmax=Age+Ageerr, height=0.2)) +
  geom_point(aes(fill=Sample, shape=Sample), size=2) +
  scale_x_continuous(expand=c(0,0), limits=c(650,800)) +
  scale_y_continuous(expand=c(0,0), limits=c(0,8)) +
  coord_cartesian(xlim=c(650,800), ylim=c(0,8)) + 
  scale_shape_manual(values=c(21,21,23,23,23,22,22,22,22,22))+
  scale_fill_brewer(palette="Spectral", direction=-1) + theme_minimal(base_size=8)
This section arranges the plots into the same figure, using get_legend to produce a common legend for the plots
Fig3leg <- get_legend(hfplotA)
Fig3plots <- plot_grid(
  hfplotA + theme(legend.position="none") ,
  oplotA + theme(legend.position="none"),
  nrow=1, align = "v")
Fig3 <- plot_grid(Fig3plots, Fig3leg, ncol=2, rel_widths=c(4,1))
print(Fig3)
[image: GeochemBemarivo_files/figure-docx/Fig3,%20-1.png]
Save plot as pdf file
ggsave(paste0("CombinedPlotHfO_forFigmydata.pdf"), width = 30, height = 10, units="cm")
[bookmark: generate-figure-6-combined-hf-vs.age-and]Generate Figure 6: combined Hf vs. Age and O vs. Age plots for the database
This section of code is similar to to Figure 3, however it uses a large database of data and the error bars are removed. Code can be changed to produce a shared legend similar to Figure 3.
hfplotDB <-ggplot(hf.database, aes(x=Age, y=Hf)) + 
  labs(y=expression(paste(epsilon, "Hf(t)")), x="Age (Ma)") +
  geom_hline(yintercept=0) +
  geom_abline(intercept=16.44, slope = -0.0036) +
  geom_abline(intercept=13.2, slope = -0.00289, linetype=2) +
  geom_point(aes(fill=Region, shape=Region), size=1) +
  scale_x_continuous(expand=c(0,0), limits=c(550,950)) +
  scale_y_continuous(expand=c(0,0), limits=c(-30,20)) +
  coord_cartesian(xlim=c(550,950), ylim=c(-30,20))

oplotDB <-ggplot(o.database, aes(x=Age, y=O)) +
  labs(y=expression(paste(delta^18,"O")), x="Age (Ma)") +
  annotate("rect", xmin=550, xmax=950, ymin=4.7, ymax=5.9, alpha=0.2, fill="lightslategrey") +
  geom_point(aes(fill=Region, shape=Region), size=1) +
  scale_x_continuous(expand=c(0,0), limits=c(550,950)) +
  scale_y_continuous(expand=c(0,0), breaks=c(0,2,4,6,8,10,12,14), limits=c(0,14)) +
  coord_cartesian(xlim=c(550,950), ylim=c(0,14)) 

Fig6 <- plot_grid(
  hfplotDB + theme_minimal(base_size=8) + scale_shape_manual(breaks=c("Seychelles (Nd)", "Malani Igneous Suite", "South China", "Central Madagascar", "Arabian-Nubian Shield", "Oman"),
    values=c(24,21,23,23,24,22))+ scale_fill_manual(breaks=c("Seychelles (Nd)", "Malani Igneous Suite", "South China", "Central Madagascar", "Arabian-Nubian Shield", "Oman"),
    values=c("#756bb1", "#1c9099", "#fd8d3c", "#b3cde3", "#d94701", "#fdbe85")),
  oplotDB + theme_minimal(base_size=8) + scale_shape_manual(breaks=c("Malani Igneous Suite", "South China", "Central Madagascar"),
    values=c(21,23,22))+ scale_fill_manual(breaks=c("Malani Igneous Suite", "South China", "Central Madagascar"),
    values=c("#1c9099", "#fd8d3c", "#fdbe85")),
  nrow=2, align = "v")
print(Fig6)
[image: GeochemBemarivo_files/figure-docx/Fig%206-1.png]
Save plot as pdf file
ggsave(paste0("CombinedPlotHfO_database.pdf"), width = 25, height = 40, units="cm")
[bookmark: geochemistry-plots]Geochemistry plots
[bookmark: import-data]Import data
chemdat <- read.csv("BemGeochem.csv")
[bookmark: additional-values-required-for-plotting-]Additional values required for plotting geochemistry data
SrC <- 7.26
PrC <- 0.095
NdC <- 0.467
EuC <- 0.058
SmC <- 0.153
GdC <- 0.2055

chemdat$Srstar <- (chemdat$Sr/SrC)/sqrt((chemdat$Pr/PrC)*(chemdat$Nd/NdC))
chemdat$Eustar <- (chemdat$Eu/EuC)/sqrt((chemdat$Sm/SmC)*(chemdat$Gd/GdC))
chemdat$FeO <- chemdat$Fe2O3*0.89
[bookmark: whole-rock-geochemistry-plots]Whole-rock geochemistry plots
[bookmark: generate-fig4a-feomgofeo-vs.sio2]Generate Fig4a: FeO/(MgO+FeO) vs. SiO2
Fig4a <- ggplot(chemdat, aes(y=FeO/(MgO+FeO), x=SiO2)) + 
  labs(x=expression(SiO[2]*" (%)"))+
  scale_x_continuous(limits=c(45,80)) +
  scale_y_continuous(limits=c(0.3,1)) +
  #geom_segment(aes(x=0, y=2, xend=40, yend=500)) + 
  geom_segment(aes(x=45, y=0.685, xend=80, yend=0.86), size=1, color="grey40") + 
  geom_point(aes(fill=Group, shape=Group), size=3)+
  annotate("text",x=50,y=0.735,label="Ferroan", size=6, angle=12) + 
  annotate("text",x=52,y=0.70,label="Magnesian", size=6, angle=12) +
  theme_base()+ scale_shape_manual(values=c(22,21)) + 
  scale_fill_manual(values=c("#f46d43", "#66c2a5"))
print(Fig4a)
[image: GeochemBemarivo_files/figure-docx/Fig4a-1.png]
[bookmark: generate-fig4b-na2ok2o-cao-vs.sio2]Generate Fig4b: Na2O+K2O-CaO vs. SiO2
This sets up the fields for alkaline/calcic rocks from Frost and Frost 2008
X <- c(50,55,60,65,70,75)
Y1 <- c(-0.56,2.00,4.27,6.25,7.95,9.37)
Y2 <- c(-3.20, -0.49, 1.95,4.12, 6.04, 7.69)
Y3 <- c(-5.82, -3.04, -0.47, 1.88,4.02,5.94)
line1 <- data.frame(X,Y1)
line2 <- data.frame(X,Y2)
line3 <- data.frame(X,Y3)
Plotting the figure
Fig4b <-ggplot(chemdat, aes(y=Na2O+K2O-CaO, x=SiO2)) + 
  theme_base()+ scale_shape_manual(values=c(22,21)) + 
  labs(y=expression(Na[2]*O + K[2]*O - CaO*" (%)"), x=expression(SiO[2]*" (%)"))+
  #lines(Na2O+K2O-CaO ~ SiO2)+
  #lines(data=line1, y=Y1, x=X1)+
  geom_line(data=line1, aes(x=X, y=Y1), color="gray40", size=1)+ 
  geom_line(data=line2, aes(x=X, y=Y2), color="gray50", size=1)+ 
  geom_line(data=line3, aes(x=X, y=Y3), color="gray60", size=1)+ 
  geom_point(aes(fill=Group, shape=Group), size=3)+
  annotate("text",x=60,y=-3,label="Calcic", size=6, angle=37) +
  annotate("text",x=55,y=-2,label="Calc-alkalic", size=6, angle=38) + 
  annotate("text",x=60,y=3.14,label="Alkalic-calcic", size=6, angle=37) +
  annotate("text",x=61,y=7,label="Alkalic", size=6, angle=35) +
  scale_x_continuous(limits=c(45,80)) +
  scale_y_continuous(limits=c(-8,12)) +
  #geom_path(aes(x=X1, y=Y1, size=1))+
  scale_fill_manual(values=c("#f46d43", "#66c2a5"))
print(Fig4b)
[image: GeochemBemarivo_files/figure-docx/Fig4b-1.png] ###Generate Fig4c: Sr* vs. SiO2
Fig4c <-ggplot(chemdat, aes(y=Srstar, x=SiO2)) + geom_point(aes(fill=Group, shape=Group), size=3)+
  labs(y="Sr*", x=expression(SiO[2]*" (%)"))+
  scale_x_continuous(limits=c(45,80)) +
  scale_y_log10(limits=c(0.02,20), breaks=c(0.1,1.0,10.0)) +
  #geom_segment(aes(x=0, y=2, xend=40, yend=500)) + 
  #geom_segment(aes(x=45, y=0.685, xend=80, yend=0.86)) +
  theme_base()+  
  scale_shape_manual(values=c(22,21)) + 
  scale_fill_manual(values=c("#f46d43", "#66c2a5"))
print(Fig4c)
[image: GeochemBemarivo_files/figure-docx/unnamed-chunk-7-1.png]
[bookmark: normalising-geochemistry-data-to-chrondr]Normalising geochemistry data to Chrondrite or Primitive Mantle for Spider Plot
[bookmark: storing-values-for-cl-chondrite-from-sun]Storing values for CL chondrite from Sun and McDonough 1989
C_Cs <- 0.188
C_Tl <- 0.14
C_Rb <- 2.32
C_Ba <- 2.41
C_W <- 0.095
C_Th <- 0.029
C_U <- 0.008
C_Nb <- 0.246
C_Ta <- 0.014
C_K <- 545
C_La <- 0.237
C_Ce <- 0.612
C_Pb <- 2.47
C_Pr <- 0.095
C_Mo <- 0.92
C_Sr <- 7.26
C_P <- 1220
C_Nd <- 0.467
C_F <- 60.7
C_Sm <- 0.153
C_Zr <- 3.87
C_Hf <- 0.1066
C_Eu <- 0.058
C_Sn <- 1.72
C_Sb <- 0.16
C_Ti <- 445
C_Gd <- 0.2055
C_Tb <- 0.0374
C_Dy <- 0.2540
C_Li <- 1.57
C_Y <- 1.57
C_Ho <- 0.0566
C_Er <- 0.1655
C_Tm <- 0.0255
C_Yb <- 0.170
C_Lu <- 0.0254
[bookmark: storing-values-for-primitive-mantle-from]Storing values for Primitive Mantle from Sun and McDonough 1989
PM_Cs <- 0.0079
PM_Tl <- 0.005
PM_Rb <- 0.635
PM_Ba <- 6.989
PM_W <- 0.020
PM_Th <- 0.085
PM_U <- 0.021
PM_Nb <- 0.713
PM_Ta <- 0.041
PM_K <- 250
PM_La <- 0.687
PM_Ce <- 1.775
PM_Pb <- 0.071
PM_Pr <- 0.276
PM_Mo <- 0.063
PM_Sr <- 21.1
PM_P <- 95
PM_Nd <- 1.354
PM_F <- 26
PM_Sm <- 0.444
PM_Zr <- 11.2
PM_Hf <- 0.309
PM_Eu <- 0.168
PM_Sn <- 0.170
PM_Sb <- 0.005
PM_Ti <- 1300
PM_Gd <- 0.596
PM_Tb <- 0.108
PM_Dy <- 0.737
PM_Li <- 1.60
PM_Y <- 4.55
PM_Ho <- 0.164
PM_Er <- 0.480
PM_Tm <- 0.074
PM_Yb <- 0.493
PM_Lu <- 0.074
[bookmark: normalises-values-to-chondrite-and-appen]Normalises values to Chondrite and appends them to data table
chemdat$Cs_CN <- as.numeric(as.character(chemdat$Cs))/as.numeric(as.character(C_Cs))
chemdat$Tl_CN <- as.numeric(as.character(chemdat$Tl))/as.numeric(as.character(C_Tl))
chemdat$Rb_CN <- as.numeric(as.character(chemdat$Rb))/as.numeric(as.character(C_Rb))
chemdat$Ba_CN <- as.numeric(as.character(chemdat$Ba))/as.numeric(as.character(C_Ba))
chemdat$W_CN <- as.numeric(as.character(chemdat$W))/as.numeric(as.character(C_W))
chemdat$Th_CN <- as.numeric(as.character(chemdat$Th))/as.numeric(as.character(C_Th))
chemdat$U_CN <- as.numeric(as.character(chemdat$U))/as.numeric(as.character(C_U))
chemdat$Nb_CN <- as.numeric(as.character(chemdat$Nb))/as.numeric(as.character(C_Nb))
chemdat$Ta_CN <- as.numeric(as.character(chemdat$Ta))/as.numeric(as.character(C_Ta))
chemdat$La_CN <- as.numeric(as.character(chemdat$La))/as.numeric(as.character(C_La))
chemdat$Ce_CN <- as.numeric(as.character(chemdat$Ce))/as.numeric(as.character(C_Ce))
chemdat$Pb_CN <- as.numeric(as.character(chemdat$Pb))/as.numeric(as.character(C_Pb))
chemdat$Pr_CN <- as.numeric(as.character(chemdat$Pr))/as.numeric(as.character(C_Pr))
chemdat$Mo_CN <- as.numeric(as.character(chemdat$Mo))/as.numeric(as.character(C_Mo))
chemdat$Sr_CN <- as.numeric(as.character(chemdat$Sr))/as.numeric(as.character(C_Sr))
chemdat$Nd_CN <- as.numeric(as.character(chemdat$Nd))/as.numeric(as.character(C_Nd))
chemdat$Sm_CN <- as.numeric(as.character(chemdat$Sm))/as.numeric(as.character(C_Sm))
chemdat$Gd_CN <- as.numeric(as.character(chemdat$Gd))/as.numeric(as.character(C_Gd))
chemdat$Tb_CN <- as.numeric(as.character(chemdat$Tb))/as.numeric(as.character(C_Tb))
chemdat$Dy_CN <- as.numeric(as.character(chemdat$Dy))/as.numeric(as.character(C_Dy))
chemdat$Y_CN <- as.numeric(as.character(chemdat$Y))/as.numeric(as.character(C_Y))
chemdat$Ho_CN <- as.numeric(as.character(chemdat$Ho))/as.numeric(as.character(C_Ho))
chemdat$Er_CN <- as.numeric(as.character(chemdat$Er))/as.numeric(as.character(C_Er))
chemdat$Tm_CN <- as.numeric(as.character(chemdat$Tm))/as.numeric(as.character(C_Tm))
chemdat$Yb_CN <- as.numeric(as.character(chemdat$Yb))/as.numeric(as.character(C_Yb))
chemdat$Lu_CN <- as.numeric(as.character(chemdat$Lu))/as.numeric(as.character(C_Lu))
chemdat$Eu_CN <- as.numeric(as.character(chemdat$Eu))/as.numeric(as.character(C_Eu))
chemdat$Zr_CN <- as.numeric(as.character(chemdat$Zr))/as.numeric(as.character(C_Zr))
chemdat$Hf_CN <- as.numeric(as.character(chemdat$Hf))/as.numeric(as.character(C_Hf))
[bookmark: normalises-values-to-primitive-mantle-an]Normalises values to Primitive Mantle and appends them to data table
chemdat$Cs_PMN <- as.numeric(as.character(chemdat$Cs))/as.numeric(as.character(PM_Cs))
chemdat$Tl_PMN <- as.numeric(as.character(chemdat$Tl))/as.numeric(as.character(PM_Tl))
chemdat$Rb_PMN <- as.numeric(as.character(chemdat$Rb))/as.numeric(as.character(PM_Rb))
chemdat$Ba_PMN <- as.numeric(as.character(chemdat$Ba))/as.numeric(as.character(PM_Ba))
chemdat$W_PMN <- as.numeric(as.character(chemdat$W))/as.numeric(as.character(PM_W))
chemdat$Th_PMN <- as.numeric(as.character(chemdat$Th))/as.numeric(as.character(PM_Th))
chemdat$U_PMN <- as.numeric(as.character(chemdat$U))/as.numeric(as.character(PM_U))
chemdat$Nb_PMN <- as.numeric(as.character(chemdat$Nb))/as.numeric(as.character(PM_Nb))
chemdat$Ta_PMN <- as.numeric(as.character(chemdat$Ta))/as.numeric(as.character(PM_Ta))
chemdat$La_PMN <- as.numeric(as.character(chemdat$La))/as.numeric(as.character(PM_La))
chemdat$Ce_PMN <- as.numeric(as.character(chemdat$Ce))/as.numeric(as.character(PM_Ce))
chemdat$Pb_PMN <- as.numeric(as.character(chemdat$Pb))/as.numeric(as.character(PM_Pb))
chemdat$Pr_PMN <- as.numeric(as.character(chemdat$Pr))/as.numeric(as.character(PM_Pr))
chemdat$Mo_PMN <- as.numeric(as.character(chemdat$Mo))/as.numeric(as.character(PM_Mo))
chemdat$Sr_PMN <- as.numeric(as.character(chemdat$Sr))/as.numeric(as.character(PM_Sr))
chemdat$Nd_PMN <- as.numeric(as.character(chemdat$Nd))/as.numeric(as.character(PM_Nd))
chemdat$Sm_PMN <- as.numeric(as.character(chemdat$Sm))/as.numeric(as.character(PM_Sm))
chemdat$Gd_PMN <- as.numeric(as.character(chemdat$Gd))/as.numeric(as.character(PM_Gd))
chemdat$Tb_PMN <- as.numeric(as.character(chemdat$Tb))/as.numeric(as.character(PM_Tb))
chemdat$Dy_PMN <- as.numeric(as.character(chemdat$Dy))/as.numeric(as.character(PM_Dy))
chemdat$Y_PMN <- as.numeric(as.character(chemdat$Y))/as.numeric(as.character(PM_Y))
chemdat$Ho_PMN <- as.numeric(as.character(chemdat$Ho))/as.numeric(as.character(PM_Ho))
chemdat$Er_PMN <- as.numeric(as.character(chemdat$Er))/as.numeric(as.character(PM_Er))
chemdat$Tm_PMN <- as.numeric(as.character(chemdat$Tm))/as.numeric(as.character(PM_Tm))
chemdat$Yb_PMN <- as.numeric(as.character(chemdat$Yb))/as.numeric(as.character(PM_Yb))
chemdat$Lu_PMN <- as.numeric(as.character(chemdat$Lu))/as.numeric(as.character(PM_Lu))
chemdat$Eu_PMN <- as.numeric(as.character(chemdat$Eu))/as.numeric(as.character(PM_Eu))
chemdat$Zr_PMN <- as.numeric(as.character(chemdat$Zr))/as.numeric(as.character(PM_Zr))
chemdat$Hf_PMN <- as.numeric(as.character(chemdat$Hf))/as.numeric(as.character(PM_Hf))
[bookmark: bootstrapping-data-to-make-spider-plot]Bootstrapping data to make spider plot
Selects data for bootstrapping (Primitive mantle normalised) and stores it to x Run either PMNData (the following section) or CNData (the section below this one) – not both! We used PMNData in Armistead et al.
PMNData <- chemdat[,c("Sample", "Group", "Cs_PMN", "Rb_PMN", "Ba_PMN", "Th_PMN", "U_PMN", "Nb_PMN", "La_PMN", "Ce_PMN", "Pb_PMN", "Pr_PMN", "Sr_PMN", "Nd_PMN", "Sm_PMN", "Zr_PMN", "Hf_PMN", "Eu_PMN", "Gd_PMN", "Dy_PMN", "Y_PMN", "Ho_PMN", "Er_PMN", "Yb_PMN", "Lu_PMN")]
x <- PMNData[,c("Cs_PMN", "Rb_PMN", "Ba_PMN", "Th_PMN", "U_PMN", "Nb_PMN", "La_PMN", "Ce_PMN", "Pb_PMN", "Pr_PMN", "Sr_PMN", "Nd_PMN", "Sm_PMN", "Zr_PMN", "Hf_PMN", "Eu_PMN", "Gd_PMN", "Dy_PMN", "Y_PMN", "Ho_PMN", "Er_PMN", "Yb_PMN", "Lu_PMN")]
x <- PMNData
Selects data for bootstrapping (Chondrite normalised) and stores it to x
CNData <- chemdat[,c("Sample", "Group", "Cs_CN", "Rb_CN", "Ba_CN", "Th_CN", "U_CN", "Nb_CN", "La_CN", "Ce_CN", "Pb_CN", "Pr_CN", "Sr_CN", "Nd_CN", "Sm_CN", "Zr_CN", "Hf_CN", "Eu_CN", "Gd_CN", "Dy_CN", "Y_CN", "Ho_CN", "Er_CN", "Yb_CN", "Lu_CN")]
x <- CNData[,c("Cs_CN", "Rb_CN", "Ba_CN", "Th_CN", "U_CN", "Nb_CN", "La_CN", "Ce_CN", "Pb_CN", "Pr_CN", "Sr_CN", "Nd_CN", "Sm_CN", "Zr_CN", "Hf_CN", "Eu_CN", "Gd_CN", "Dy_CN", "Y_CN", "Ho_CN", "Er_CN", "Yb_CN", "Lu_CN")]
x <- CNData
[bookmark: filter-dataset-into-two-dataframes]Filter dataset into two dataframes
This section separates the dataset based on region, producing a dataframe for the Northern Bemarivo, and one for the Southern Bemarivo *Copy and paste one of these lines if there are more than two groups in your dataset, and use something other than ‘NB’ or ‘SB’
NB <- filter(x, Group=="Northern Bemarivo")
SB <- filter(x, Group=="Southern Bemarivo")
[bookmark: set-up-bootstrapping-mean-function]Set up bootstrapping mean function
i <- nrow(x)
g <- ncol(x)
boot.mean <- function(x,i){boot.mean<-mean(x[i], na.rm=TRUE)}
bootfun <- function(bootdata, reps) {
  boot <- function(bootdata){
    s1=sample(bootdata, size=i, replace=TRUE)
    ms1=mean(s1)
    return(ms1)
  }
  bootrep <- replicate(n=reps, boot(bootdata))
  return(bootrep)
}
[bookmark: apply-bootstrap-function-to-each-region]Apply bootstrap function to each region
Apply bootstrap to Northern Bemarivo (takes about 20 seconds)
bootstrappedNB <- apply(NB[3:g], 2, function(y){
  b <- boot(y,boot.mean, R=50000);
  c(mean(b$t), boot.ci(b,type="perc", conf=0.95)$percent[4:5])
})
Apply bootstrap to Southern Bemarivo (takes about 20 seconds)
bootstrappedSB <-apply(SB[3:g], 2, function(y){
  b <- boot(y,boot.mean, R=50000);
  c(mean(b$t), boot.ci(b,type="perc", conf=0.95)$percent[4:5])
})
[bookmark: combines-the-results-of-bootstrapping-fo]Combines the results of bootstrapping for the northern and southern Bemarivo to a dataframe for easy plotting
bootstrap <- rbind(bootstrappedNB, bootstrappedSB)
row.names(bootstrap) <- c("NBmean", "NB_min_95", "NB_max_95", "SBmean", "SB_min_95", "SB_max_95")
newdf <- data.frame(bootstrap)
bootstrappedBem <- newdf %>% rownames_to_column("X")
#optional step to save data as a csv file
write.csv(bootstrappedBem, 'Bem_bootstrapped.csv')
[bookmark: plotting-bootstrapped-data-on-spider-plo]Plotting bootstrapped data on spider plot
This section alters columns names for nicer display on plot
colnames(bootstrappedBem) <- c("X", "Cs", "Rb", "Ba", "Th", "U", "Nb",
                            "La", "Ce", "Pb", "Pr", "Sr", "Nd", "Sm", "Zr", "Hf", "Eu",
                            "Gd", "Dy", "Y", "Ho", "Er", "Yb", "Lu")
This step uses the gather function to arrange the data for spider plot
gather.norm <- gather(bootstrappedBem, element, value, -X)
[bookmark: create-spider-plot]Create spider plot
Fig4d <- gather.norm %>%
  ggplot(aes(x=element, y=value, group = X, colour= X, fill=X)) +
  geom_vline(xintercept=seq(1, length(unique(bootstrappedBem))-0.5,1), lwd=0.5, colour='lightgrey')+
  geom_line(size=1) +
  geom_point(aes(colour='black', shape=X), size=2) +
  scale_y_log10("Wholerock/Primitive Mantle", breaks=c(1, 10, 100, 1000), limits= c(1, 1000)) +
  theme_base(base_size=8) +
  scale_x_discrete(limits=c("Cs", "Rb", "Ba", "Th", "U", "Nb",
                            "La", "Ce", "Pb", "Pr", "Sr", "Nd", "Sm", "Zr", "Hf", "Eu",
                            "Gd", "Dy", "Y", "Ho", "Er", "Yb", "Lu")) +
  labs(colour="Group") +
  scale_shape_manual(values=c(NA,NA,22,NA,NA,21))+
  scale_colour_manual(values=c("black", "#f46d43","#f46d43","#f46d43", "#66c2a5","#66c2a5","#66c2a5"))+
  scale_fill_manual(values=c("#f46d43","#f46d43","#f46d43", "#66c2a5","#66c2a5","#66c2a5"))
print(Fig4d)
[image: GeochemBemarivo_files/figure-docx/Fig4c-1.png]
Save plot
ggsave(paste0("Bem_bootstrapped_PM.pdf"), width = 10, height = 6)
[bookmark: arrange-all-three-plots-from-fig-4-armis]Arrange all three plots from Fig 4 Armistead et al. on the same figure
arrangedplots <- plot_grid(
  Fig4a + theme(legend.background=element_rect(color="grey", fill="grey90"), legend.position=c(0.6,0.2), legend.title=element_blank()),
  Fig4b + theme(legend.position="none"),
  Fig4c + theme(legend.position="none"),
  Fig4d + theme(legend.position="none"),
  nrow=2, align = "hv")
print(arrangedplots)
[image: GeochemBemarivo_files/figure-docx/Fig4arranged-1.png]
Save plot
ggsave(paste0("Fig4.pdf"), width = 16, height = 5, useDingbats=FALSE)
[bookmark: bonus-geochemistry-plots-not-included-in]Bonus Geochemistry plots (not included in Armistead et al.)
[bookmark: le-bas.-rock-discrimination-diagram]Le bas. rock discrimination diagram
ggplot(chemdat, aes(y=Na2O+K2O, x=SiO2)) + 
  coord_cartesian(xlim=c(40,80), ylim=c(0,14))+
  scale_x_continuous(expand=c(0,0), limits=c(40,80)) +
  scale_y_continuous(expand=c(0,0), limits=c(0,15)) +
  geom_segment(aes(x=45, y=5, xend=52, yend=5)) +
  geom_segment(aes(x=52, y=5, xend=69, yend=8)) +
  geom_segment(aes(x=69, y=8, xend=69, yend=13)) +
  geom_segment(aes(x=69, y=8, xend=77, yend=0.1)) +  
  geom_segment(aes(x=63, y=7, xend=63, yend=0.1)) +
  geom_segment(aes(x=57, y=5.9, xend=57, yend=0.1)) +
  geom_segment(aes(x=52, y=5, xend=52, yend=0.1)) +
  geom_segment(aes(x=63, y=7, xend=57.6, yend=11.7))+
  geom_segment(aes(x=57, y=5.9, xend=53, yend=9.3)) +
  geom_segment(aes(x=52, y=5, xend=49.4, yend=7.3)) +
  geom_segment(aes(x=45, y=5, xend=45, yend=0.1))+
  geom_segment(aes(x=45, y=5, xend=61, yend=13.5))+
  geom_point(aes(fill=Group, shape=Group), size=3)+
  theme_base(base_size=8)+ scale_shape_manual(values=c(22,21)) + 
  scale_fill_manual(values=c("#f46d43", "#66c2a5"))
[image: GeochemBemarivo_files/figure-docx/unnamed-chunk-23-1.png]
Pearce et al. 1984 tectonic discrimination
ggplot(chemdat, aes(y=Nb, x=Y)) + 
  scale_x_log10(expand=c(0,0), breaks=c(1,10,100,1000), limits=c(1,2000)) +
  scale_y_log10(expand=c(0,0), breaks=c(1,10,100,1000), limits=c(1,2000)) +
  coord_cartesian(xlim=c(1,200), ylim=c(1,500))+
  geom_segment(aes(x=1, y=2000, xend=50, yend=10)) +
  geom_segment(aes(x=40, y=1, xend=50, yend=10)) +
  geom_segment(aes(x=50, y=10, xend=1000, yend=100)) + 
  geom_point(aes(fill=Group, shape=Group), size=3)+
  theme_base(base_size=8)+ scale_shape_manual(values=c(22,21)) + 
  scale_fill_manual(values=c("#f46d43", "#66c2a5"))
[image: GeochemBemarivo_files/figure-docx/unnamed-chunk-24-1.png]
Pearce et al. 1984 tectonic discrimination
ggplot(chemdat, aes(y=Ta, x=Yb)) + 
  scale_x_log10(expand=c(0,0), breaks=c(1,10,100), limits=c(0.05,100)) +
  scale_y_log10(expand=c(0,0), breaks=c(1,10,100), limits=c(0.05,100)) +
  coord_cartesian(xlim=c(0.1,20), ylim=c(0.05,20))+
  geom_segment(aes(x=0.55, y=20, xend=3, yend=2)) +
  geom_segment(aes(x=0.1, y=0.35, xend=3, yend=2)) +
  geom_segment(aes(x=3, y=2, xend=5, yend=1))+
  geom_segment(aes(x=5, y=0.05, xend=5, yend=1))+
  geom_segment(aes(x=5, y=1, xend=100, yend=7))+
  geom_point(aes(fill=Group, shape=Group), size=3)+
  theme_base(base_size=8)+ scale_shape_manual(values=c(22,21)) + 
  scale_fill_manual(values=c("#f46d43", "#66c2a5"))
[image: GeochemBemarivo_files/figure-docx/unnamed-chunk-25-1.png]
Pearce et al. 1984 tectonic discrimination
ggplot(chemdat, aes(y=Rb, x=Y+Nb)) + 
  scale_x_log10(expand=c(0,0), breaks=c(1,10,100,1000), limits=c(1,2000)) +
  scale_y_log10(expand=c(0,0), breaks=c(1,10,100,1000), limits=c(1,2000)) +
  coord_cartesian(xlim=c(1,1300), ylim=c(1,1000))+
  geom_segment(aes(x=2, y=80, xend=55, yend=300)) +
  geom_segment(aes(x=55, y=300, xend=400, yend=2000)) +
  geom_segment(aes(x=55, y=300, xend=51.5, yend=8)) +
  geom_segment(aes(x=51.5, y=8, xend=50, yend=1)) +
  geom_segment(aes(x=51.5, y=8, xend=2000, yend=400))+ 
  geom_point(aes(fill=Group, shape=Group), size=3)+
  theme_base(base_size=8)+ scale_shape_manual(values=c(22,21)) + 
  scale_fill_manual(values=c("#f46d43", "#66c2a5"))
[image: GeochemBemarivo_files/figure-docx/unnamed-chunk-26-1.png]
[bookmark: pearce-et-al.-1984-tectonic-discriminati]Pearce et al. 1984 tectonic discrimination
ggplot(chemdat, aes(y=Rb, x=Yb+Ta)) + 
  scale_x_log10(expand=c(0,0), breaks=c(1,10,100), limits=c(0.5,2000)) +
  scale_y_log10(expand=c(0,0), breaks=c(1,10,100,1000), limits=c(0.5,2000))+
  coord_cartesian(xlim=c(0.5,50), ylim=c(1,1000))+
  geom_segment(aes(x=0.5, y=140, xend=6, yend=200)) +
  geom_segment(aes(x=6, y=200, xend=50, yend=2000)) +
  geom_segment(aes(x=6, y=200, xend=6, yend=8)) +
  geom_segment(aes(x=6, y=8, xend=6, yend=1)) +
  geom_segment(aes(x=6, y=8, xend=200, yend=400))+
  geom_point(aes(fill=Group, shape=Group), size=3)+
  theme_base(base_size=8)+ scale_shape_manual(values=c(22,21)) + 
  scale_fill_manual(values=c("#f46d43", "#66c2a5"))
[image: GeochemBemarivo_files/figure-docx/unnamed-chunk-27-1.png]
[bookmark: asi-plot]ASI plot
ggplot(chemdat, aes(y=(Al2O3/101.9613)/(((CaO/56.0774)-3.33*(P2O5/141.9445))+(Na2O/61.9789)+(K2O/94.196)), x=SiO2)) + 
  annotate("rect", xmin=25, xmax=100, ymin=1, ymax=1.154, alpha=0.2, fill="lightslategrey")+
  geom_hline(yintercept=1.1) +
  geom_point(aes(fill=Group, shape=Group), size=3)+ 
  scale_x_continuous(expand=c(0,0), limits=c(25,100))+
  scale_y_continuous(expand=c(0,0), limits=c(0,1.5)) + scale_fill_brewer(palette="Spectral") +
  theme_base(base_size=8)+ scale_shape_manual(values=c(22,21)) + 
  scale_fill_manual(values=c("#f46d43", "#66c2a5"))
## Scale for 'fill' is already present. Adding another scale for 'fill',
## which will replace the existing scale.
[image: GeochemBemarivo_files/figure-docx/unnamed-chunk-28-1.png]
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