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Method

For U-Th dating, calcites were dissolved in dilute HCl, in order to avoid as possible any leaching of the detrital fraction that can be present in some samples.  Subsequently U and Th were separated chemically and analysed on a Neptune" MC-ICPMS mass spectrometer at the isotope geochemistry laboratory of BRGM Orléans.  Details on chemical separation and mass spectrometry can be found elsewhere (Innocent et al., 2005; Millot et al., 2011). 
Pure calcite crystals with high U/Th ratios allowed simple dating for each crystal; sand calcite crystals with initial Th bound to sand grains have been dated by the isochron method.
Results

Table 1 – Raw U-Th isotopes data 
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6790 1

La Chapelle la Reine

611,885

3,248

0,228

0,005

1,0034

0,0034

7596,985

125,046

0,8963

0,0216

6790 2

La Chapelle la Reine

687,416

3,755

0,088

0,003

1,0015

0,0037

21019,367

502,328

0,7999

0,0255

6790 3

La Chapelle la Reine

453,740

2,755

0,168

0,006

0,9991

0,0049

7541,430

201,425

0,8868

0,0304

6790 4

La Chapelle la Reine

450,290

2,757

0,487

0,009

1,0011

0,0053

2693,326

35,522

0,9468

0,0191

6790 5

La Chapelle la Reine

618,289

3,919

1,909

0,037

1,0047

0,0053

947,078

10,793

0,9586

0,0193

6790 6

La Chapelle la Reine

564,725

2,803

0,517

0,017

1,0010

0,0050

3147,669

74,421

0,9339

0,0311

6790 B1

La Chapelle la Reine

556,420

8,524

0,124

0,001

1,0174

0,0112

13398,027

118,770

0,9174

0,0170

6790 B2

La Chapelle la Reine

460,800

3,954

4,940

0,023

1,0134

0,0060

257,736

1,539

0,9104

0,0089

6790 S1

La Chapelle la Reine

227,207

1,626

4,908

0,026

1,0059

0,0049

130,570

0,951

0,9305

0,0083

6790 S2

La Chapelle la Reine

189,630

1,234

4,034

0,020

1,0130

0,0058

137,548

1,182

0,9664

0,0078

6790 T1

La Chapelle la Reine

171,969

1,009

13,050

0,136

1,0089

0,0072

38,859

0,427

0,9742

0,0117

6790 T2

La Chapelle la Reine

179,290

1,218

5,233

0,029

1,0068

0,0068

99,929

0,884

0,9637

0,0085

8787 1

Larchant

236,086

1,364

8,399

0,224

1,0020

0,0074

83,791

2,165

0,9820

0,0268

8787 2

Larchant

231,919

1,742

5,936

0,066

0,9890

0,0138

114,139

1,648

0,9622

0,0128

8787 3

Larchant

230,140

1,150

26,673

0,269

1,0052

0,0057

25,918

0,267

0,9898

0,0111

8787 4

Larchant

240,352

1,019

4,930

0,055

1,0066

0,0047

147,283

1,618

0,9948

0,0120

8787 5

Larchant

249,493

1,175

1,0003

0,0058

8787 6

Larchant

215,242

0,978

9,172

0,150

1,0061

0,0053

71,493

1,140

1,0036

0,0170

8853

Puiselet

91,181

5,475

34,185

0,261

1,0286

0,0132

9,971

0,466

1,1922

0,0911

8854

Puiselet

103,621

0,705

17,644

0,029

1,0157

0,0052

19,423

0,291

1,0548

0,0175

8855

Puiselet

62,706

0,470

48,178

0,059

1,0312

0,0039

5,389

0,103

1,3204

0,0271

8856

Puiselet

107,886

0,650

35,614

0,043

1,0267

0,0056

10,703

0,161

1,1268

0,0183

8857

Puiselet

45,537

0,599

27,487

0,127

1,0284

0,0073

6,816

0,196

1,3121

0,0420

8858

Puiselet

91,736

0,734

22,986

0,052

1,0270

0,0059

13,433

0,189

1,0735

0,0175

2991

Poligny

6,027

0,071

30,247

0,134

1,4593

0,0401

5,834

0,294

9,3373

0,4847

2993

Poligny

12,913

0,132

78,361

0,406

1,4284

0,0172

1,436

0,082

2,7788

0,1622

2994

Poligny

2,509

0,030

10,757

0,042

1,2894

0,0309

2,774

0,115

3,7935

0,1638

2997

Poligny

22,823

0,328

33,864

0,138

1,0525

0,0098

3,815

0,095

1,8053

0,0525

8544

Poligny

36,261

0,473

21,544

0,667

1,0364

0,0097

5,618

0,360

1,0645

0,0771

8593

Poligny

19,788

0,244

26,959

0,208

1,0457

0,0109

3,501

0,208

1,5214

0,0930

8597 int.

Poligny

30,759

0,271

25,138

0,145

1,0388

0,0113

6,875

0,239

1,7919

0,0652

8597 ext.

Poligny

11,055

0,237

16,697

0,308

1,0516

0,0142

4,065

0,375

1,9583

0,1890




U-Th dating of translucent calcites without sand grain inclusion

Butteaux sand pit, Chapelle-la-Reine (77)
Calcites recovered from Chapelle-la-Reine display U/Th ratios that are extremely high, that allows to correct precisely for initial 230Th in equilibrium with 234U, thus produing a simple dating for each calcite sample. The difference between corrected and non-corrected ages is very low ( < 1% of the calculated age, much lower than the uncertainty). The only condition for a reliable age to be derived is that the system has remained closed for U and Th. The (230Th/234U) activity ratios in calcites from Chapelle-la-Reine are significantly lower than the secular equilibrium. Simple ages obtained on these crystals are illustrated in Figure 1.

Two main groups of ages can be emphasized: the first one, around 330-340 kyr, corresponds to the internal crystals, whereas the second one (240-250 ka) corresponds to the outer crystals. 
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Figure 1 – Distribution of simple ages of Chapelle-la-Reine transluscent crystals

Gondonnières sand pit, Larchant (77)

Calcites from Larchant display (230Th/238U) activity ratios that are too close to the secular equilibrium value for a reliable age to be derived (Table 1). (230Th/234U) activity ratios are identical, as (234U/238U) activity ratios are very close to the equilibrium value. We consider that such crystals should be older than 400 kyr. 


U-Th dating of sand calcite crystals including sand grains

Mont Sarazin sand pit, Puiselet (77)
The occurrence of initial Th associated with the sand grains requires the utilization of the isochron method. 234U/232Th - 230Th/232Th isochron diagram (Rosholt, 1976) gives an age of 336 ± 6 kyr (Fig. 2). Isochron statistical treatment has been done following Minster et al. (1979).  Data plot on a straight line and the good quality of the alignment indicates that the system remained closed.
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Figure 2 – Isochron of Puiselet (77) sand calcite crystals. 
Vallée de Glandelles rock face, Poligny (77)

The six samples from Poligny have failed to provide any isochron. Considering the high Th/U ratios (Tab. 1) (compared to those of Puiselet), the simplest explanation calls for a leaching of the detrital fraction, in spite of the procedure involving very dilute HCl. 
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