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The following report presents a compilation of the geochemical data collected in the course of the 

Buchans-Robert’s Arm belt project, which is funded under the auspices of the 2005-2010 Targeted 

Geoscience Initiative 3 Program (TGI3). The Buchans-Robert’s Arm belt historically constitutes the 

most important base metal mineralized portion of the Newfoundland Appalachians, hosting several 

past producing mines (i.e., Buchans, Gullbridge, Crescent Lake volcanogenic massive sulphide 

deposits), as well as numerous known mineral deposits and occurrences. Detailed knowledge of the 

local and regional structure, stratigraphy and tectonic setting is important for the success of present 

and future exploration programs and hence, the socio-economic development of central 

Newfoundland.  

The geochemical data presented herein provides significant assistance in the regional correlation of 

units, as well as for the determination of their tectonic setting. It complements previously released 

geochemical databases for central Newfoundland (e.g., Davenport et al., 1996; Jenner, 2002; Rogers, 

2004).The report is constructed to provide the user with access to the essential geochemical data, 

whilst providing additional background information for evaluation of the dataset, if so desired. 

Regional	Geology	

The Ordovician Buchans-Robert’s arm belt forms part of the Annieopsquotch Accretionary Tract (van 

Staal et al., 1998) that formed outboard the Laurentian margin during the closure of the Cambro-

Ordovician Iapetus Ocean. The Annieopsquotch Accretionary tract is a tectonic collage of arc and 

backarc terranes that was accreted to the Laurentian margin during the Middle and Upper Ordovician 

Taconic Orogeny (e.g., Lissenberg et al., 2005; van Staal et al., 1998) and subsequently deformed 

during the Salinic Orogeny (e.g., Dunning et al., 1990). Investigations of the Annieopsquotch 

Accretionary Tract south-west of the Red Indian Lake revealed a well defined regional tectono-

stratigraphy (e.g., Lissenberg et al., 2005; Zagorevski et al., 2006) that, from west to east, comprises 

the Annieopsquotch ophiolite belt (c.  480 Ma: Dunning, 1987), Lloyds River ophiolite complex (c. 



  

473 Ma: Zagorevski et al., 2006), correlatives of the Buchans-Robert’s Arm belt (c. 473 Ma: 

Zagorevski et al., 2006) and the Red Indian Lake group (c. 465-460 Ma: Zagorevski et al., 2006) .  

The Annieopsquotch Accretionary Tract north and northeast of Red Indian Lake and in Notre Dame 

Bay comprises Hall Hill/Mansfield Cove Complex (c. 479 Ma: Dunning et al., 1987), Buchans – 

Robert’s Arm Belt and their correlatives. Detailed studies of the Buchans-Robert’s Arm belt have 

delineated multiple fault-bound volcanic tracts that possess individual stratigraphic and/or tectonic 

histories (e.g., Bostock, 1988; Kerr, 1996; O'Brien, 2003; O'Brien, 2007; Pope et al., 1991; Swinden et 

al., 1997; Zagorevski and Rogers, 2009; Zagorevski et al., 2010; Zagorevski et al., 2006), warranting 

their interpretation as separate terranes. Regional correlation of these terranes is often tenuous, as they 

are commonly incompletely characterized and many of their features resemble those of adjacent 

terranes. Characterization of these terranes using a combination of radiometric age, Sm/Nd isotopic 

and whole rock geochemical data is essential for reconstruction of tectono-stratigraphy of the belt and 

focusing of base-metal exploration programs. 

Geochemical	Database	

This open file contains 800 whole rock geochemical samples presented as Microsoft Excel® worksheet 

and tab-delimited text files. Of these, 701 samples comprise surface and diamond drill core silicate 

rock samples of volcanic, plutonic and epiclastic rocks. The remaining 99 samples comprise whole-

rock analyses of massive sulphides from diamond drill core.  The background information is presented 

as Adobe Acrobat®, Microsoft Word® documents or Microsoft Excel® tables, as required, with the 

data type indicated by the file names. The type of background information included are analytical 

procedures and detection limits for the various laboratories used, and the unfiltered data tables as 

produced by the laboratories (these tables include repeats, standards, etc.). 

Location Table:  The location table contains the sample location data in the UTM, easting and northing 

(zone 21; NAD83) format. The majority of the location data was determined by GPS. Locations for 

diamond drill hole collars were compiled from the Geological Survey of Newfoundland and Labrador 

Geoscience Resource Atlas (http://gis.geosurv.gov.nf.ca/) and proprietary industry dataset (Royal 

Roads Corp., personal communication, 2009). In addition to the exact position for each sample, an 

overall sense of the location of the sample can be deduced from the NTS map sheet number. This table 

also includes the name of the principle geologist for each particular sample (contact details are 

provided in the file contacts.doc) and the laboratory, with year, in which the chemical analysis was 

conducted. The abbreviations used throughout for the various laboratories are explained in the file 

Contacts.doc, along with the contact information for each one. 



Description Table: The description table contains the lithological information for each sample. This 

data is presented in a hierarchical system of type (volcanic, hypabyssal, plutonic or sedimentary) and 

subtype (mafic, intermediate or felsic; this column is blank for sedimentary rocks), followed by a 

brief, free-form rock-type description (e.g., rhyolite, pillow basalt, etc.). Formational information is 

not included in this database as the regional stratigraphy has not yet been formally presented/adopted 

and, as such, is still liable to revision. 

Chemistry_rock Table: The whole rock chemistry data file is presented as Microsoft Excel® worksheet 

and tab-delimited text files which contain location, description, and whole-rock geochemical analytical 

data. Major elements are recorded as weight percentages of their oxides. Where the oxidation state was 

determined, iron is presented as FeO and Fe2O3, otherwise it is represented as Fe2O3(total). Volatiles 

are represented as LOI (loss-on-ignition). The minor, trace and rare earth elemental compositions are 

presented in parts per million. Major element analysis was mostly via XRF (x-ray fluorescence) of 

fused beads, although some samples were determined by ICP-ES (inductively coupled plasma - 

emission spectrometry) following lithium borate fusion. The minor, trace and rare earth elements were 

analysed by a combination ICP-MS (inductively coupled plasma - mass spectrometry), ICP-ES and 

XRF. Details of the analytical procedures as provided by the various laboratories are presented in the 

background information folder. Where an element was analysed using multiple methods the value 

determined by the method that appears most reliable is presented. The method used for each elemental 

analysis, and any discrepancies between the various analytical methods and repeat analyses can be 

reviewed by referring to the background information folder. Elements not determined are left blank, 

whereas element analyses that are below or above the detection limits are presented as -1. The 

detection limits for the various laboratories and methodologies are presented with the analytical 

procedures. 

Chemistry_sulphide Table: The whole-rock massive sulphide chemistry data file is presented as 

Microsoft Excel® worksheet and tab-delimited text files which contain location, description, and 

whole-rock geochemical analytical data. Major elements are recorded as weight percentages of their 

oxides. The minor, trace and rare earth elemental compositions are presented in parts per million. 

Major element analysis was determined by ICP-ES (inductively coupled plasma - emission 

spectrometry). The minor, trace and rare earth elements were analysed by a combination ICP-MS 

(inductively coupled plasma - mass spectrometry) and ICP-ES. Details of the analytical procedures as 

provided by the various laboratories are presented in the background information folder. Where an 

element was analysed using multiple methods the value determined by the method that appears most 

reliable is presented. The method used for each elemental analysis, and any discrepancies between the 



  

various analytical methods and repeat analyses can be reviewed by referring to the background 

information folder. Elements not determined are left blank, whereas element analyses that are below or 

above the detection limits are presented as -1. The detection limits for the various laboratories and 

methodologies are presented with the analytical procedures. 

Complete_rock Table: This file combines location, description and chemistry tables. 

Complete_sulphide Table: This file combines location, description and chemistry tables. 

Coverage	

Regional: The presented database supersedes the preliminary geochemical database of Zagorevski 

(2008) and includes an additional 401 samples from central Newfoundland and Notre Dame Bay areas 

(Figure 1). This database in part overlaps and complements Rogers (2004), Jenner (2002), and 

Davenport et al. (1996) (Figure 2). Combined, these databases provide extensive coverage of the 

Annieopsquotch Accretionary Tract from King George IV Lake area to Notre Dame Bay.  Whilst the 

Notre Dame Bay area is only sparsely covered by these databases, significant sources of whole rock 

geochemical data include Dec and Swinden (1994), Dec et al. (1997) and Swinden (1996). 

Buchans mining camp: The presented database provides significantly improved coverage in the 

immediate area of Buchans orebodies and in the surrounding regions, significantly expanding on the 

coverage in Jenner (2002; Figure 3a). The combination of surface and diamond drill hole sampling has 

expanded the coverage to south, west and north of Buchans allowing testing of the stratigraphic 

correlations. The data highlight the diversity of the lithotectonic units in the Buchans area and allow 

continued refinement of the Buchans tectonostratigraphy (e.g., Zagorevski et al., 2010). 

Red Indian Lake-Mary March Brook area: The Red Indian Lake-Mary March Brook area hosts a 

number of prospects and deposits (e.g., Mary March, Connel Option, Beaver Pond, Seal Pond). The 

database provides extensive coverage in this area (Figure 3b) and has been utilized to establish unique 

geochemical fingerprints of three separate, fault-bound terranes (Zagorevski and Rogers, 2008, 2009). 

Robert’s Arm Group: The presented database provides significantly improved regional coverage 

(Figure 3c) of the terranes comprising the Robert’s Arm Group and the Hall Hill/Mansfield cove 

complex (e.g., Bostock, 1988; Kerr, 1996). 

Discussion	of	geochemical	data	

Samples utilized in this study were collected in the course of regional and deposit scale mapping in 

order to identify the geochemical fingerprints of the stratigraphic horizons within terranes and to 

establish geochemical characteristics of terranes to aid regional correlations. Both mafic and felsic 



rocks were extensively sampled (Figure 4a and 4b) to constrain the overall tectonic setting of the 

terranes and their crustal characteristics, respectively. In outcrop and drill core, least-altered samples 

were generally selected. The samples that were collected in close proximity to mineral deposits and 

alteration zones or in areas of poor exposure are commonly moderately to highly altered. For example, 

SiO2 mobility is clearly reflected on the Zr/TiO2 vs. SiO2 plot (Figure 4a), where some felsic samples 

plot in the basalt field, some mafic samples plot in the rhyodacite/dacite field and many samples plot 

in the andesite field. The effects of this alteration is generally limited to mobile elements such as SiO2, 

CaO, K2O, Na2O, MgO and light ion lithophile elements (LILE), although local rare-earth element 

(REE) mobility is suggested by the data.  

The regionally bimodal mafic-felsic nature of the Annieopsquotch Accretionary Tract is obvious on 

the Nb/T vs. Zr/TiO2 diagram that is based on elements that are generally immobile during alteration 

(Winchester and Floyd, 1977). In this diagram, there is a more pronounced separation between the 

mafic and felsic rocks (Figure 4b). The tholeiitic quartz and/or feldspar –porphyritic felsic rocks with 

low Nb/Y ratios plot in the andesite field. Pearce (1996) had proposed a revision to the Winchester and 

Floyd (1977) diagram to rectify the problem of classification of rocks with low Nb/Y ratio; however, 

the revised diagram consistently plots quartz and/or feldspar –porphyritic rocks and granodiorite in the 

andesite field. 

Chemical variations in mafic rocks:  The discussion of the tectonic significance, distribution and 

correlation of the volcano-plutonic rocks presented in this database is beyond the scope of this report. 

In this section we highlight the tectonic settings represented by the mafic volcanic rocks in the 

Annieopsquotch Accretionary Tract. The determination of the tectonic setting is least ambiguous in 

mafic volcanic rocks (e.g., Cabanis and Lecolle, 1989; Pearce, 1996). The mafic volcanic rocks in the 

Annieopsquotch Accretionary Tract display a variety of tectonic settings on the Cabanis and Lecolle 

(1989) and Shervais (1982) including calc-alkaline basalts, volcanic arc tholeiite, backarc basin basalt, 

continental rift tholeiite and alkaline basalt (Figure 4c and 4d). The geochemical characteristics and 

tectonic setting of many terranes is commonly distinct and uniquely separates the terranes on a 

regional scale. For example, alkaline volcanic rocks are almost exclusive to the Crescent terrane of the 

Robert’s Arm Group (Bostock, 1988). However, the overlap in the geochemical characteristics 

between many samples necessitates utilization of multiple lines of evidence in terrane subdivision 

(e.g., Zagorevski and Rogers, 2009; Zagorevski et al., 2010; Zagorevski et al., 2006). These lines of 

evidence should include structural and stratigraphic setting, age, geochemistry and isotopic 

characteristics of coeval mafic and felsic volcanic rocks. 
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Figure 2: The spatial distribution of whole-rock geochemical data in central Newfoundland and Notre Dame Bay 
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Figure 3: Comparison of the spatial distribution of whole-rock 
geochemical data in A. Buchans, B. Red Indian Lake - Mary March 
Brook and C. Robert’s Arm areas. 
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