
















































































Table 1 

Geological, petrographic and geochemical characteristics of granites G7 – G10 from Carrazeda de Ansiães area, northern Portugal 

Granites / Location Mineralogy 

Texture and average 

dimensions for 
phenocrysts / Enclaves 

Number, shape, size and deformation of the intrusions 
Geochemical 

fingerprints 
Source character and isotopes 

General features of 

granites G7 – G10 

Quartz, plagioclase, microperthitic 

microcline, biotite, some chlorite, 
muscovite, tourmaline, zircon, 

apatite, monazite, ilmenite, rutile 

and anatase. 

Subhedral granular 

texture, containing 
feldspar phenocrysts. 
 

 

 

 Peraluminous and 

alkali-calcic. 

Granites G7 and G8 are of S-

type and result from the 
sequential partial melting of 

the same metassedimentary 

material. 

Granite G7 
 

Along a WNW-ESE 

alignment, from 
Parambos/Carrazeda 

de Ansiães to 

Lousa. 

Muscovite > biotite granite. 
Contains sillimanite. 

Medium- to coarse-
grained slightly 

porphyritic granite; up to 

2.5 × 0.9 cm. 
 

Surmicaceous and 

metasedimentary xenoliths 
and “schlieren”. 
 

Crops out as 81 km2 WNW-ESE trending body that 
intruded Douro Group metasediments and partially 

surrounds the early syn-D3 granites G3, G4, G5 and G6. 

A N50-60ºW magmatic foliation is defined by biotite 
and more rarely by feldspar phenocrysts. This granite is 

affected by a NNE-SSW fracture system. 

 
 

ASI: 1.23 – 1.38 
Normative 

corundum: 2.79 – 

4.36 % 
ΣREE: 101.1 ppm 

 Age: 317.8 ± 0.5 Ma 
(87Sr/86Sr)i = 0.7156 ± 0.0005 

εNdt = -8.5 

δ18O = 11.35 – 11.62 ‰ 

Granite G8 

 
At S, around and at 

W of Quinta das 

Vinhas, and in the 
centre of the area, at 

S of Besteiros. 

Biotite ≈ muscovite granite 

Contains sillimanite. 

Medium-grained 

porphyritic granite; from 1 
× 0.4 cm to 2.4 × 0.8 cm. 

 

Surmicaceous, 
metasedimentary 

xenoliths, monzogranite 

enclaves and granite G7 
enclaves. 
 

Three distinct bodies, with one of 1.5 km2 in the centre 

of the area, presenting a WNW-ESE elongation, and 
two of 0.85 km2 and 0.25 km2 in the S. This 

homogeneous granite intruded Douro Group 

metasediments and partially surrounds granite G7, 
showing sharp and fault contacts, locally filled with 

aplite. It has a magmatic N55-60ºW foliation defined by 

oriented feldspar phenocrysts, biotite and, locally, by 
surmicaceous enclaves and xenoliths. 

ASI: 1.22 – 1.39 

Normative 
corundum: 2.85 – 

4.39 % 

ΣREE: 286.9 ppm 

Age: 316.8 ± 1.3 Ma 

(87Sr/86Sr)i = 0.7155 ± 0.0007 
εNdt = -8.4 

δ18O = 11.12 – 11.76 ‰ 

Granite G9 

 
At SW, around 

Campelos and at 

SW of Marzagão, in 
the centre of the 

area, at SE of Fonte 

Longa, and in the 
SE, at SE of Lousa.  

Muscovite > biotite granite. 

Contains sillimanite. 

Medium-grained 

porphyritic granite; from 
2.5 × 0.7 cm to 0.9 × 0.3 

cm. 

 
Surmicaceous and 

metasedimentary 

xenoliths, “schlieren”, 
granite G7 enclaves. 
 

In the SW, there is main body of 24 km2, with an 

approximated NW-SW elongation, and a smaller body 
of 1 km2. In the centre of the area there is another body 

of 1 km2, and at SE there is a fourth body of 2.5 km2. 

This granite intruded Douro Group metasediments and 
partially surrounds the early syn-D3 granites G3 and G5. 

This phase shows frequent sharp intrusive contacts with 

granite G7, but faulted contacts also occur. A N50-
60ºW magmatic foliation is defined by feldspar 

phenocrysts and biotite. 
 

ASI: 1.25 – 1.33 

Normative 
corundum: 2.96 – 

3.69 % 

ΣREE: 189.1 ppm 

Age: 316.6 ± 0.5 Ma 

(87Sr/86Sr)i = 0.7151 ± 0.0009 
εNdt = -8.3 

δ18O = 11.10 – 11.33 ‰ 

Granite G10 
 

At S, around the 

geodesic vertice of 
Arejadouro and at 

NW of Pinhal do 

Douro. 
At W, around 

Castelo de Ansiães. 

Muscovite-dominant granite. Medium-grained slightly 
porphyritic granite; (2 × 

0.7 cm to 1 × 0.7 cm). 

 
Absence of enclaves. 

Three distinct homogeneous bodies, two of 4 km2 and 6 
km2 in the S, and a third of 0.4 km2 in the W, show a 

faint magmatic N60ºW foliation defined by oriented 

feldspar phenocrysts and biotite. This granite intruded 
intruded Douro Group metasediments and granite G7, 

and partially surrounds the early syn-D3 granite G4 and 

the granite G9, showing fault contacts. It occurs 
associated to NNE-SSW fault zones and it is affected by 

N60-70º W and N40-50º E secondary joints and strong 

brittle deformation. Typically, it is intensely weathered. 
 

ASI: 1.29 – 1.34 
Normative 

corundum: 3.27 – 

3.94 % 
ΣREE: 64.2 ppm 

Age: 316.2 ± 0.7 Ma 
(87Sr/86Sr)i = 0.7147 ± 0.0011 

εNdt = -8.4 

δ18O = 10.93 ‰ 
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Table 2 

Average modal compositions and average whole-rock chemical analyses in wt% and trace elements in ppm 
of granites G7 – G10 from the Carrazeda de Ansiães area, northern Portugal 

 G7 σ G8 σ G9 σ G10 σ 

Quartz 30.6 1.4 30.2 3.1 31.6 1.5 31.9 1.2 
Plagioclase 31.6 2.5 27.8 2.1 29 1.6 32.4 1.8 

Microcline 22.4 2 21.9 2 22.4 2.8 20.3 1.4 

Biotite 5.1 0.5 9.7 2.1 6.1 0.5 2.3 0.3 
Muscovite 9.8 1.8 9.7 2.2 10.3 1.1 12.5 1.1 

Tourmaline 0.2 0.3 - - 0.1 0.1 0.1 0.1 

Apatite 0.4 0.1 0.5 0.1 0.4 0.1 0.6 0.2 
Other - - 0.2 0.1 0.2 0.1 - - 

n 6  3  3  3  

         
SiO2 72.13 0.43 69.98 1.19 71.55 0.50 73.35 0.48 

TiO2 0.21 0.04 0.45 0.07 0.31 0.02 0.13 0.02 

Al2O3 15.01 0.31 15.47 0.35 14.86 0.24 14.80 0.12 
Fe2O3 0.48 0.11 0.68 0.17 0.48 0.11 0.38 0.08 

FeO 1.03 0.11 1.76 0.31 1.31 0.10 0.67 0.05 

MnO 0.03 0.01 0.03 0.00 0.03 0.00 0.03 0.01 
MgO 0.40 0.06 0.76 0.15 0.50 0.04 0.23 0.03 

CaO 0.65 0.06 0.82 0.07 0.72 0.03 0.51 0.03 

Na2O 3.50 0.21 3.06 0.20 3.19 0.15 3.69 0.16 
K2O 5.05 0.18 5.44 0.18 5.23 0.20 4.66 0.21 

P2O5 0.33 0.03 0.35 0.01 0.33 0.02 0.34 0.02 

H2O+ 0.84 0.22 0.98 0.07 1.07 0.06 1.01 0.07 
H2O- 0.33 0.10 0.30 0.04 0.30 0.05 0.26 0.07 

S 0.01 0.01 0.01 0.00 0.01 0.00 0.01 0.00 

Total 100.00 0.29 100.08 0.30 99.88 0.31 99.88 0.31 

O  S 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 

Total 99.99 0.29 100.08 0.30 99.88 0.31 99.88 0.31 

         
ASI 1.29 0.04 1.34 0.05 1.30 0.03 1.32 0.02 

C 3.40 0.43 3.89 0.52 3.43 0.25 3.60 0.21 

         
Cl 110 0  56 9 50 0  60 10 

F 1430 342 1955 78 2000 130 1673 345 

Ga 21 2 24 0 23 1 22 1 
Cr 34 8 38 3 40 6 32 3 

V 8 2 23 6 13 1 5 1 

Nb 14 2 13 1 12 1 16 1 
Zn 67 16 91 10 87 7 62 6 

Sn 20 3 10 2 15 2 31 4 
Li 198 44 204 49 169 25 241 73 

Ni 5 2 11 2 8 1 4 0 

Co 3 1 7 1 5 1 3 1 

Zr 73 30 201 29 140 12 53 7 

Cu 4 2 10 3 5 2 5 4 

Y 10 1 14 2 10 1 9 2 
Sr 76 19 135 29 81 8 43 6 

Pb 34 5 36 3 30 2 23 8 

Ba 212 57 444 88 263 26 103 32 
Rb 377 51 376 17 400 3 503 30 

Cs 47 9 26 6 33 6 61 10 

W 5 1 5 1 5 1 6 1 
U 12 5 11 2 11 2 13 6 

Th 12 6 35 4 26 2 7 3 

Hf *   5 1 4 0  *   
As 5 1 8  0 5 2 4 0 

Bi 2  0 *   *   2 0  

n 17  8  10  8  

G7– Medium- to coarse-grained slightly porphyritic muscovite > biotite granite; G8– Medium-grained 

porphyritic biotite ≈ muscovite granite; G9– Medium-grained porphyritic muscovite > biotite granite; G10– 

Medium-grained slightly porphyritic muscovite-dominant granite; n– number of analyses; ASI– Al/[2(Ca – 

1.67P) + Na + K]; C– corundum; - – not detected; *– below the limit of sensitivity. 
 

Table 2 Click here to access/download;Table;Table 2.pdf

https://www.editorialmanager.com/jibg/download.aspx?id=14654&guid=e3a867cc-d0ca-41e4-85c9-e0bc5bfa3a26&scheme=1
https://www.editorialmanager.com/jibg/download.aspx?id=14654&guid=e3a867cc-d0ca-41e4-85c9-e0bc5bfa3a26&scheme=1


Table 3 

U-Pb data of zircon and monazite from granites G7 - G10 of Carrazeda de Ansiães area, northern Portugal  

Fraction Mineral Weight2 U2 Pbt3 Th/U4 Pbc5 206Pb/ 207Pb/ 2σ 206Pb/ 2σ ρ8 Age 2σ Age 2σ Age 2σ Disc.9 

 
characteristics1 (μg) (ppm) (ppm) 

 
(ppm) 204Pb6 235U7 (abs) 238U7 (abs) 

 

206Pb*/ (Ma) 207Pb*/ (Ma) 207Pb*/ (Ma) (%) 

                          238U7   235U7   206Pb*7     

Granite G7 (sample GL23) 

                  1 Z eu lp in [2] 4.0 754 40 0.11 0.74 2125 0.41127 0.00122 0.05542 0.00012 0.80 347.7 0.8 349.8 0.9 363.6 4.0 4.5 

2 Z eu lp in [7] 0.5 5638 295 0.22 9.44 1398 0.38481 0.00145 0.05233 0.00013 0.72 328.8 0.8 330.6 1.1 343.1 5.9 4.3 

3 Z eu lp in [1] 0.5 1366 84 0.57 8.97 360 0.37555 0.00458 0.05166 0.00035 0.59 324.7 2.2 323.8 3.4 316.9 22.2 -2.5 

4 Z eu lp b [18] 1.0 6495 313 0.10 12.50 1416 0.36022 0.00121 0.04957 0.00011 0.72 311.9 0.7 312.4 0.9 316.0 5.3 1.3 

5 Z eu lp in [8] 0.5 4190 218 0.15 21.66 528 0.36269 0.00242 0.04964 0.00016 0.51 312.3 1.0 314.2 1.8 328.4 13.0 5.0 

6 Mz eu eq y g [2] NA 11.0 797 186 13.56 0.36 4731 0.36715 0.00091 0.05067 0.00010 0.90 318.6 0.6 317.5 0.7 309.7 2.4 -3.0 

7 Mz eu eq y g [7] NA 9.0 2330 414 9.31 0.66 8409 0.36777 0.00085 0.05061 0.00010 0.95 318.3 0.6 318.0 0.6 315.9 1.7 -0.8 

                    Granite G8 (sample GQV8) 

                  8 Z sb fr y in [8] 3.0 589 42 1.75 0.13 2372 0.36992 0.00134 0.05072 0.00013 0.71 319.0 0.8 319.6 1.0 324.3 5.8 5.8 

9 Z eu lp in [4] 0.5 174 10 0.72 0.00 331 0.36856 0.00829 0.05026 0.00023 0.44 316.1 1.4 318.6 6.1 336.6 46.6 46.6 

10 Z eu lp y in [1] 0.5 514 27 0.59 0.00 662 0.36331 0.00418 0.04982 0.00017 0.44 313.4 0.9 314.7 3.2 324.1 23.5 23.5 

11 Z eu lp y in [3] 0.5 2634 135 0.33 4.28 1009 0.36176 0.00193 0.04972 0.00015 0.63 312.8 0.9 313.5 1.4 318.8 9.4 9.4 

12 Z eu lp y in [1] 0.5 894 48 0.36 4.00 363 0.36676 0.00433 0.04928 0.00015 0.46 310.1 1.1 317.2 3.1 370.3 24.0 24.0 

13 Z eu lp y in [f] 13.0 571 32 0.60 2.14 789 0.35925 0.00169 0.04922 0.00010 0.51 309.7 0.6 311.7 1.3 326.1 9.2 9.2 

14 Mz sb eq y [1] NA 1.0 199 55 15.81 0.17 315 0.37652 0.00845 0.05182 0.00025 0.42 325.7 1.5 324.5 6.2 315.9 46.7 46.7 

                    Granite G9 (sample GC5) 
                  15 Z eu sp in [1] 0.5 1929 203 0.89 12.11 659 0.70285 0.00379 0.08511 0.00024 0.55 526.6 1.4 540.5 2.3 599.7 9.7 12.7 

16 Z eu sp in [1] 0.5 772 77 0.12 0.00 3123 0.93128 0.00406 0.10585 0.00037 0.72 648.6 2.2 668.3 2.1 735.3 6.4 12.4 

17 Z eu sp in [3] 0.5 3334 328 0.45 3.91 2500 0.77825 0.00247 0.09394 0.00024 0.83 578.8 1.4 584.5 1.4 606.6 3.8 4.8 

18 Z eu lp in [4] 0.5 615 35 0.36 0.14 541 0.42120 0.00550 0.05649 0.00019 0.47 354.2 1.2 356.9 3.9 374.4 26.5 5.5 

19 Mz eu eq y g [2] NA 8.0 1322 182 6.47 0.03 15200 0.36864 0.00085 0.05072 0.00010 0.93 318.9 0.6 318.6 0.6 316.5 1.9 -0.8 

20 Mz eu y g [2] NA 0.5 26320 2875 4.50 9.49 6202 0.36622 0.00086 0.05043 0.00010 0.93 317.2 0.6 316.8 0.6 314.5 2.0 -0.9 

21 Mz eu eq y [2] NA 1.0 5457 1055 10.55 1.93 4384 0.36555 0.00093 0.05024 0.00011 0.86 316.0 0.7 316.4 0.7 319.1 2.9 1.0 

22 Mz eu eq y [4] NA 1.0 3353 735 12.03 2.79 2254 0.37033 0.00106 0.05092 0.00011 0.78 320.2 0.6 319.9 0.8 317.7 4.0 -0.8 

                    Granite G10 (sample GAJ3) 
                 23 Z eu lp [1] 1.0 251 13 0.39 1.31 241 0.34255 0.00684 0.04686 0.00015 0.45 295.2 0.9 299.1 5.2 329.7 41.9 10.7 

24 Z eu lp [1] 1.0 575 25 0.12 0.90 577 0.32769 0.00326 0.04505 0.00015 0.45 284.1 0.9 287.8 2.5 318.1 20.2 10.9 

25 Z eu lp b [4] 4.0 6570 346 0.07 18.13 1218 0.40360 0.00189 0.05394 0.00019 0.80 338.7 1.2 344.3 1.4 382.0 6.3 11.6 

26 Z eu lp in [1] 0.5 3075 190 0.12 0.00 3160 0.50153 0.00195 0.06564 0.00021 0.79 409.8 1.3 412.7 1.3 429.1 5.3 4.6 

27 Mz sb eq y g [1] NA 8.0 2075 422 11.11 0.19 14873 0.36783 0.00086 0.05060 0.00010 0.95 318.2 0.6 318.0 0.6 317.0 1.7 -0.4 

28 Mz eu eq y g [1] NA 6.0 1044 102 3.40 0.16 7278 0.39926 0.00106 0.05496 0.00013 0.88 344.9 0.8 341.1 0.8 315.3 2.9 -9.6 

29 Mz eu eq y [6] NA 3.0 7206 1182 8.34 3.66 5284 0.36533 0.00089 0.05033 0.00010 0.93 316.5 0.6 316.2 0.7 313.6 2.1 -1.0 

30 Mz eu eq y g [6] NA 1.0 4788 768 8.02 4.89 2221 0.36684 0.00100 0.05046 0.00010 0.81 317.3 0.6 317.3 0.7 317.3 3.7 0.0 
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1 Z – zircon; Mz – monazite; eu – euhedral; sb – subhedral; eq – equant; sp – short prismatic (lenght/width ≈ 2 – 4); lp – long prismatic (lenght/width > 4); fr – fragment; b – brown; y – yellow; 

g – green; in – inclusions; [N] – number of grains in fraction (f > 50 grains); non abraded (all other minerals abraded); unless otherwise specified all the zircons were clear and transparent. 
2, 3, 5 Weight and concentrations are known to be better than 10 %, except for those near and below the ca. 1 g limit of resolution of the balance. 
3 Total Pb. 
4 Th/U model ratio inferred from 208Pb/206Pb ratio and age of sample. 
5 Total common Pb in sample (initial + blanck). 
6 Raw data corrected for fractionation and blank. 
7 Corrected for fractionation, spike, blank and initial common Pb; error calculated by propagating the main sources of uncertainity; initial common Pb corrected using Stacey and Kramers 
(1975) model Pb. 
8 (Rho) - Error correlation factor. 
9 Degree of discordancy. 

 



Figure 1 Click here to access/download;Figure;Fig 1 JIG.tif

https://www.editorialmanager.com/jibg/download.aspx?id=14638&guid=8a6ee075-9ce8-4a4e-b753-c105552ddaf7&scheme=1
https://www.editorialmanager.com/jibg/download.aspx?id=14638&guid=8a6ee075-9ce8-4a4e-b753-c105552ddaf7&scheme=1


Figure 2 Click here to access/download;Figure;Fig 2 JIG.tif

https://www.editorialmanager.com/jibg/download.aspx?id=14639&guid=18469644-4e3d-4b88-be1f-6a57d863e820&scheme=1
https://www.editorialmanager.com/jibg/download.aspx?id=14639&guid=18469644-4e3d-4b88-be1f-6a57d863e820&scheme=1


Figure 3 Click here to access/download;Figure;Fig 3 JIG.tif

https://www.editorialmanager.com/jibg/download.aspx?id=14640&guid=eada1672-2617-46d2-bc60-2efab189cf8f&scheme=1
https://www.editorialmanager.com/jibg/download.aspx?id=14640&guid=eada1672-2617-46d2-bc60-2efab189cf8f&scheme=1


Figure 4 Click here to access/download;Figure;Fig 4 JIG..tif

https://www.editorialmanager.com/jibg/download.aspx?id=14641&guid=a8c6d501-5164-41db-8d63-aa519719c315&scheme=1
https://www.editorialmanager.com/jibg/download.aspx?id=14641&guid=a8c6d501-5164-41db-8d63-aa519719c315&scheme=1


Figure 5 Click here to access/download;Figure;Fig 5 JIG.tif

https://www.editorialmanager.com/jibg/download.aspx?id=14662&guid=d2c85d3b-df43-4eff-baca-1fd25584d29d&scheme=1
https://www.editorialmanager.com/jibg/download.aspx?id=14662&guid=d2c85d3b-df43-4eff-baca-1fd25584d29d&scheme=1


Figure 6 Click here to access/download;Figure;Fig 6 JIG.tif

https://www.editorialmanager.com/jibg/download.aspx?id=14643&guid=e00c2047-4960-42fb-837e-f3f98d476c7c&scheme=1
https://www.editorialmanager.com/jibg/download.aspx?id=14643&guid=e00c2047-4960-42fb-837e-f3f98d476c7c&scheme=1


Figure 7 Click here to access/download;Figure;Fig 7 JIG.tif

https://www.editorialmanager.com/jibg/download.aspx?id=14645&guid=167d577a-2794-4f83-8d6a-588dad9a6a92&scheme=1
https://www.editorialmanager.com/jibg/download.aspx?id=14645&guid=167d577a-2794-4f83-8d6a-588dad9a6a92&scheme=1


Figure 8 Click here to access/download;Figure;Fig 8 JIG.tif

https://www.editorialmanager.com/jibg/download.aspx?id=14646&guid=ebb207fe-dd82-4d22-979c-07a3f9594319&scheme=1
https://www.editorialmanager.com/jibg/download.aspx?id=14646&guid=ebb207fe-dd82-4d22-979c-07a3f9594319&scheme=1


Figure 9 Click here to access/download;Figure;Fig 9 JIG.tif

https://www.editorialmanager.com/jibg/download.aspx?id=14647&guid=be197384-2df7-44bf-889b-7854c4012b17&scheme=1
https://www.editorialmanager.com/jibg/download.aspx?id=14647&guid=be197384-2df7-44bf-889b-7854c4012b17&scheme=1


Figure 10 Click here to access/download;Figure;Fig 10 JIG.tif

https://www.editorialmanager.com/jibg/download.aspx?id=14648&guid=bfa351f8-9675-4d6e-a926-45868d58ac21&scheme=1
https://www.editorialmanager.com/jibg/download.aspx?id=14648&guid=bfa351f8-9675-4d6e-a926-45868d58ac21&scheme=1

	rr
	f-T

