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Abstract

Luminescence characteristics of quartz and feldspar allow to discriminate sediments from 

different source areas. Particularly, sensitivity of optically stimulated luminescence (OSL) and 

thermoluminescence (TL) signals of quartz and infrared stimulated luminescence (IRSL) of 

feldspar from Quaternary sediments have been used for provenance analysis. These properties 

change due to source area denudation rates and sediment reworking, which drive the number of 

burial irradiation-solar exposure cycles of sediment grains in surface systems. Here, we use for 

the first time a similar approach to interpret the geomorphic conditions of source areas of Silurian 

to Triassic siliciclastic sedimentary units of the intracratonic Parnaíba Basin in northeast Brazil. 

Luminescence measurements were performed on sand grains and statistical tests were applied 

to evaluate differences in luminescence properties within and across stratigraphic units. We 

explored the position of well-known “110 °C” (TL110) and “325 °C” (TL325) TL peaks of quartz as 

proxies to discriminate stratigraphic units with similar lithological assemblages. OSL and TL 

sensitivities as well as the dominance of the so-called fast OSL component increase from Silurian 

to Triassic sedimentary units, while the IRSL sensitivity decreases towards younger stratigraphic 

units. These patterns point to source areas with decreasing denudation rate and higher sediment 

recycling over basin filling time, leading to decreasing feldspar concentration and quartz 

luminescence sensitization. Major changes in luminescence properties coincide with regional 

unconformities. This is attributed to physical landscape changes leading to shifts in the relief of 

source areas and basin sediment recycling. The TL110 peak position is similar across stratigraphic 

units, but the TL325 peak position has significant variation, with values between 324 and 334 °C, 

allowing its use for stratigraphic discrimination. Changes in OSL and TL characteristics of quartz 

sediment grains are preserved during long-term burial (108 Ma), representing a new tool for A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

interpreting basin evolution and to perform stratigraphic analysis of ancient siliciclastic 

successions.

Highlights

 Luminescence sensitivity is tested as a provenance proxy in sandstones of the Parnaíba 

Basin.

 OSL and TL sensitization of quartz due to burial-solar exposure cycles is preserved after 

long-term burial.

 OSL sensitivity and the position of the “325 °C” TL peak allow to discriminate stratigraphic 

units separated by unconformities.

 OSL signals indicate higher sediment recycling during the Carboniferous-Early Triassic.

Keywords: OSL and TL sensitivity, Provenance, Sediment recycling, Source-to-sink, Parnaíba 

Basin.

1. Introduction

Ionizing radiation reaching minerals creates free electrons in the crystal lattice of quartz and 

feldspar grains. The free electrons and their counterparts, named holes, are subsequently 

captured in defects (traps) within the crystal lattice (e.g., Wintle & Adamiec, 2017). When quartz 

or feldspar grains are stimulated by heat or light, these electrons evict from their traps and 

recombine with the holes, when photons can be emitted (Bailey, 2001). When the grain is 

stimulated by heat, the process is called thermoluminescence (TL) whereas optically stimulated 

luminescence (OSL) names the process when the stimulation is visible light and infrared 

stimulated luminescence (IRSL) is used when infrared stimulation is applied. OSL and TL occurs 

both in quartz and feldspar while IRSL emission is typical of feldspar (Aitken, 1985). The TL, OSL 

and IRSL signals have been crucial in the development of dating methods applied to Quaternary 

sediments (e.g., Aitken, 1998; Murray & Wintle, 2000). More recently, the OSL and TL 

characteristics of quartz sediment grains have been used to track sediment transport in 

Quaternary systems (e.g., Gray et al., 2019). This includes the use of OSL and TL sensitivities 
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(light emitted per unit mass per radiation dose) of quartz for sediment provenance analysis (e.g., 

Zular et al., 2015; Mendes et al., 2019).

Laboratory experiments demonstrate that repeating cycles of irradiation (trap filling) and 

illumination (charge eviction) promote the OSL sensitization of quartz (e.g., Moska and Murray, 

2006). In nature, the OSL sensitivity of quartz crystals in igneous and metamorphic rocks is 

generally low while the OSL sensitivity of quartz from Quaternary sediments has been observed 

to vary within four to five orders of magnitude (Sawakuchi et al., 2011; Sawakuchi et al., 2020). 

This suggests that the OSL sensitization in nature is related to surface processes occurring after 

quartz crystals are released from their primary source rocks. These processes can include burial 

(irradiation) and surface exposure (sunlight stimulation) cycles during sediment transport (Pietsch 

et al., 2008; Sawakuchi et al., 2011) and soil reworking by bioturbation (Reimann et al., 2017; 

Gray et al., 2017, 2019, 2020). Both sediment transport and soil bioturbation would link OSL 

sensitization to denudation rates of sediment source areas, where lower denudation rate leads to 

longer residence of quartz grains in soil and then, higher sensitization (Sawakuchi et al., 2018). 

The OSL sensitivity of quartz in sediments is mirrored by the IRSL/OSL ratio, which denotes the 

feldspar-to-quartz ratio (Sawakuchi et al., 2018). The OSL sensitization of quartz by surface 

processes such as burial-exposure cycles would also be preserved in the subsurface temperature 

range typical of sedimentary basins (<200 °C), suggesting that luminescence sensitivity may also 

be applied to study the sediment sources and transport conditions of ancient sedimentary 

successions. In this case, luminescence could lead to the development of provenance analysis 

method applied to ubiquitous minerals from siliciclastic rocks such as quartz and feldspar. This 

approach would be complimentary to well-established provenance analysis methods applied to 

sandy sediments such as U-Pb dating on detrital zircon grains (e.g., Fedo et al., 2003) and heavy 

mineral analysis (e.g., Morton & Hallsworth, 1999). Though both techniques have been largely 

improved over the years, provenance analysis by the use of accessory minerals from 

sedimentary rocks is still expensive and time consuming and depends on relatively large samples 

for heavy mineral concentration. As quartz and feldspar are the most abundant minerals in 

sandstones, the provenance and sedimentary transport conditions analysis based on their 

luminescence signals would be advantageous.

In this research, we explore the potential use of luminescence signals of quartz and feldspar to 

discriminate sedimentary units of the intracratonic Parnaíba Basin (Figure 1) and to reconstruct 

provenance changes during basin filling. The Parnaíba Basin, in northeast Brazil, (e.g., Vaz et al., 

2007) hosts sedimentary successions ranging from the Silurian (~444 Ma) to Triassic (~201 Ma) 

and records diverse continental to marine depositional systems and a subsidence and uplift A
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history of around 200 Ma (Tozer et al., 2017; Menzies et al., 2018). This basin was also selected 

given its economic relevance for onshore gas production from sandstone reservoirs (ANP, 2021). 

Previous provenance studies showed high similarity of detrital zircon ages of Parnaíba Basin 

sedimentary succession (Hollanda et al., 2014; 2018; Figure 1). Having this in mind, we 

developed a new application of luminescence signals from ancient sandstone samples for 

provenance analysis trying to minimize sample preparation, rapidness of measurement, and 

reducing laboratory equipment time. For this, we tested several luminescence characteristics of 

quartz and feldspar to: (i) discriminate between stratigraphic units hosting similar lithological 

assemblages; and (ii) reconstruct landscape conditions during the basin filling period from the 

Silurian to the Triassic, such as source area denudation intensity, similar to the approach used by 

Sawakuchi et al. (2018) for Quaternary sediments. The measured luminescence characteristics 

are represented by the OSL and TL sensitivities and the peak positions of the well-known 110 °C 

and 325 °C TL peaks of quartz (Aitken, 1985) and the IRSL signal from feldspar. The obtained 

patterns of variation of the luminescence characteristics are discussed in terms of independent 

provenance indicators and changes of depositional systems during basin filling, as well as in 

terms of the tectonic conditions interpreted for the Parnaíba Basin evolution. 

2. Geological background

The Parnaíba Basin (Figure 1A), located in northeast Brazil, has a cratonic sag phase developed 

mainly during the Paleozoic over Precambrian rocks of the Amazon, São Luís and São Francisco 

cratons and the Borborema and Tocantins provinces (Cordani et al., 2009). The stratigraphic 

record of the basin is mostly composed of siliciclastic sediments deposited from the Silurian to the 

Triassic that can be divided into three lithostratigraphic Groups separated by regional 

unconformities (Vaz et al., 2007). Overall, the sedimentary sequences record an evolution from 

temperate to arid climate conditions, showing repetitive transgressive-to-regressive cycles (Góes 

& Feijó, 1994).

The lower-most sedimentary succession (Figure 1B) is represented by the Serra Grande Group, 

which comprises the Ipu, Tianguá and Jaicós Formations, ranging from Llandovery (Early 

Silurian) to Pragian (Early Devonian) (Grahn & Caputo, 1992; Grahn et al., 2005). The Serra 

Grande Group is overlain by the Canindé Group, comprising the Itaim, Pimenteiras, Cabeças, 

Longá and Potí Formations, from the Late Eifelian (Middle Devonian) to the Visean (Mississipian) 

(Loboziak et al., 1992; Góes et al., 1997; Melo & Loboziak, 2000; Grahn et al., 2008; Ponciano & 

Fávera, 2009; Ponciano et al., 2012). The Balsas Group represents the upper part of the A
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sedimentary succession and encompasses sediments from the Piauí, Pedra de Fogo, Motuca 

and Sambaíba Formations with ages from Late Bashkrian (Pennsylvanian) to the Late Triassic 

(Campanha & Rocha Campos, 1979; Abrantes & Nogueira, 2013; Cisneiros et al., 2015; 

Abrantes et al., 2016; Araujo et al., 2016; Vieira & Scherer, 2017; Medeiros et al., 2019; 

Medeiros, 2020). 

After the cratonic sag phase, several volcanic events related to the opening of the Central and 

South Atlantic Ocean took place during the Early Cretaceous (Góes et al., 1993). This was 

followed by another episode of subsidence related to the South Atlantic opening (Rosetti et al., 

2004). A series of inversion events between the Late Cretaceous-Neogene due to magmatic 

underplating and isostatic adjustment uplifted the basin until reaching its final configuration 

(Morais-Neto et al., 2009; Richetti et al., 2018).

Detrital zircon dating on sandstones from the aforementioned stratigraphic units yielded ages 

clustering at three main peaks of 1.75-2.75, 0.92-1.00 and 0.55-0.65 Ga (Hollanda et al., 2014; 

Figure 1C). The distribution of ages was homogeneous for all units, with the exception of the 

Sambaíba Formation which produced a higher density population of younger ages (0.55-0.65 

Ga), attributed to sediments from Ediacaran rocks.

3. Basic concepts on TL and OSL of quartz and feldspar

Electron and hole traps are formed by defects in the crystal lattice of quartz and feldspar. These 

defects act as traps of charges and can be related to the substitution (impurity) or absence 

(vacancy) of elements forming the crystal lattice of quartz or feldspar. In quartz, the substitution of 

silicon by aluminum or the absence of oxygen in a crystal lattice position respectively represents 

defects related to impurity and vacancy (Preusser, 2009). Quartz OSL and TL signals arise from 

discrete traps, each one characterized by its own energy depth (Bailey, 2001). The differences in 

trap energy imply that when a quartz sample is progressively heated, the TL glow curve displays 

a number of light emission peaks, each arising from a different trap, typically located at 

temperature ranges of 90-110, 220-250 and 325-375 °C with the exact temperature depending on 

the heating rate (Chen & Li, 2000; Kitis et al., 2010). In the same way, the OSL signals also 

contain information about several electron-hole traps in a composite single decay curve (Jain et 

al., 2003). In order to access the trap information, it is needed to deconvolute the signal into a 

number of OSL components. For three OSL components, the deconvolution is performed 

following Equation 1 (Bøtter-Jensen et al., 2003):A
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𝐼𝑂𝑆𝐿(𝑡) =  𝑛1𝑝1𝑒𝑥𝑝 ―𝑡𝑝1 + 𝑛2𝑝2𝑒𝑥𝑝 ―𝑡𝑝2 + 𝑛3𝑝3𝑒𝑥𝑝 ―𝑡𝑝3 (1)

Where IOSL is the OSL intensity, n1,2,3 is the initial concentration of trapped electrons in m-3, p1,2,3 is 

the rate of stimulation in s-1, and t is the time of stimulation in s. The proportion of OSL 

components and the position of the TL peaks of quartz along with their number and intensity has 

been showed to be sample dependent (Rink et al., 1993; Jain et al., 2003; Mineli et al., 2021). 

However, the relationship between TL peaks and OSL signals is not straightforward. The TL peak 

located at 110 °C seems to be produced by a trap related to the production of the bulk OSL signal 

(Wintle and Murray, 1997). However, the bulk OSL signal has also been related to TL peaks 

located at ~325 °C (Kitis et al., 2010).

Charges are trapped when quartz or feldspar grains are under burial irradiation and the 

luminescence signals arising from charge recombination due to stimulation by heating or light 

have varying stability. Charges trapped in low energy depths can present unstable behaviors, 

showing spontaneous loss and fading of their related signals over time or having short lifetimes 

when exposed to relatively low ambient temperatures (30-50 °C) for long periods of time (>104-

106 years). For instance, the quartz TL peak located at 110 °C is highly unstable and entirely 

disappears after few hours at ambient temperature (Spooner & Questiaux, 2000). The 

observation of the quartz TL peak at 110 °C is only possible if the heating stimulation is 

performed shortly after irradiation in the laboratory. OSL components of quartz also present 

variable thermal stabilities from weeks to over 109 years (Singarayer and Bailey, 2003). Hence, 

luminescence signals originating from stable trapped charges can be observed from natural 

radiation doses while unstable signals need to be regenerated by laboratory irradiation. 

The eviction of charges from traps by light stimulation, leading to the reset of OSL or IRSL, is 

named ”bleaching” (Singarayer et al., 2005). The light exposure time needed for complete 

bleaching also varies among luminescence signals from quartz or feldspar. Quartz OSL signals 

decay relatively quickly when exposed to light, only needing a few seconds of exposure to sun 

light to complete bleaching. However, some TL signals, especially those located at higher 

temperatures (> 300 °C) can be present even after days of light exposure (Spooner et al., 1988). 

Several laboratory experiments have demonstrated that both OSL and TL signals can be 

sensitized when quartz is exposed to sequential cycles of irradiation and bleaching (Moska & 

Murray, 2006; Lü & Sun, 2011).

In the case of feldspar, recent findings suggest that the electron-hole traps are located along a 

continuum of energy depths (Jain & Ankjaergaard, 2011), thus producing an IRSL decay curve A
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composed of a single component and a TL glow curve containing generally a single peak located 

between 150 and 250 °C, with a tail towards higher temperatures. In terms of signal stability, 

most IRSL signals show a constant athermal loss of signal with time, commonly known as fading 

(Kars et al., 2008; Thomsen et al., 2008, 2011). Contrary to quartz OSL signals, feldspar IRSL 

signals need longer exposures to light to reset, varying from few seconds to days. The 

compositional variations among feldspar results in different luminescence behaviors for K-

feldspar, Na-feldspar, and plagioclase (Blair et al., 2005).For example, fading rates from feldspars 

appear to increase with increasing Ca content (Huntley & Lian, 2006; Valla et al., 2016). 

However, the relation between composition and resulting IRSL signals is not well constrained so 

far.

It is possible to describe the luminescence properties of a sediment sample using quartz and 

feldspar luminescence signals regenerated in laboratory. This approach has been used to track 

sediment transport and infer sediment sources (e.g., Sawakuchi et al., 2018; Gray et al., 2019). 

For this purpose, we highlight quartz OSL or TL sensitivities (light intensity emitted per unit mass 

and radiation dose), which increase when quartz grains experience repeated cycles of burial 

(irradiation) and solar exposure (bleaching) during soil development or sediment transport (Lü & 

Sun, 2011; Sawakuchi et al., 2018). Besides calculation of OSL or TL sensitivity as the light 

emission per unit mass and dose, the sensitivity can also be represented as the ratio or 

percentage of a given OSL component or TL peak in relation to the light emission of the total OSL 

decay or TL glow curves. For example, in highly recycled sediments (Pietsch et al., 2008), grains 

from soils with high reworking rates (Reimann et al., 2017; Gray et al., 2017, 2020), or sediments 

derived from settings with low denudation rates, typical OSL sensitivity values (first second of 

light emission) vary from 30 to 70%, while for sediments recently exhumed from igneous or 

metamorphic rocks from orogens such as the Andes Cordillera, OSL sensitivity values range from 

5 to 20% (Sawakuchi et al., 2018).

4. Materials and methods

Because of the difficulty in differentiating stratigraphic units using their detrital zircon ages 

(Hollanda et al., 2014), which rely on the presence of sedimentary rocks containing such 

minerals, we selected sandstone samples from the aforementioned units, with exception of the 

Pedra de Fogo and Itaim Formations due to lack of suitable samples for luminescence 

measurements. Additionally, the Serra Grande Group (Figure 1) was treated as a single 

stratigraphic unit since the identification of individual formations were not considered during A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

sampling. In order to avoid possible thermal effects on OSL sensitivity, all samples were collected 

over more than 50 m of distance from any Mesozoic magmatic body (Figure 1).

In total, 82 samples from the Serra Grande Group (n=13), Pimenteiras (n=9), Cabeças (n=15), 

Longá (n=9), Potí (n=14), Piauí (n=9), Motuca (n=5) and Sambaíba (n=8) Formations were 

collected in outcrops distributed across the Parnaíba Basin (Figure 1). Sample preparation was 

performed under daylight and artificial light conditions. Samples were manually disaggregated 

and sieved, selecting the 62-125 μm grain size fraction. The target sand fraction was then treated 

with concentrated H2O2 followed by C2H2O4 at 5% to eliminate organic matter and iron oxides, 

respectively. The sand grains concentrates are referred as polymineralic, but they are composed 

mainly of quartz and feldspar. In this way, luminescence signals from quartz were measured in 

presence of feldspar. Despite their relatively low concentration in sandy sediments, main heavy 

minerals occurring in the studied samples (zircon, tourmaline, and rutile; Hollanda et al., 2014) 

also have low luminescence signal in comparison to quartz (Sawakuchi et al. 2020). The 

approach to measure polymineralic aliquots was used to simplify sample preparation procedures 

and allow luminescence measurements indicative of sand mineral composition (quartz-to-feldspar 

ratio). Feldspar content for selected samples (BP100, BP105, BP107 and BP114) was estimated 

by optical microscopy of thin sections, resulting in maximum contents of 15%.

Luminescence measurements were performed in the Luminescence and Gamma Spectrometry 

Laboratory at the Institute of Geosciences of the University of São Paulo using a Risø TL/OSL 

DA-20 reader equipped with a built-in beta source (90Sr/90Y; dose rate of 0.108 Gy s−1 for cups), a 

bialkali PM tube (Thorn EMI 9635QB), a sample heater plate, and blue and infrared light emitting 

diodes (LEDs). Luminescence signals (TL, OSL and IRSL) were detected through a 7.5 mm Hoya 

U-340 glass filter (290–340 nm).

Measurement procedures (Table 1) were designed to measure a variety of luminescence signals 

and parameters. Four aliquots were measured for each sample. The aliquots were standardized 

by volume using an acrylic plate with a microhole (150-200 grains) to minimize aliquot size effects 

(see procedure and aliquot mass estimate in Sawakuchi et al., 2018). The first step (Table 1) 

aimed to fully bleach the natural OSL signals. This was followed by a small beta dose (step 2) 

and a preheat (step 3). An infrared stimulation (step 4) was used to record the luminescence from 

feldspars and reduce their contribution to the OSL signal measured at step 5, aiming to record a 

signal dominated by quartz. Step 6 measured a remnant natural TL signal with an additive dose 

of 10 Gy (step 2) and after a preheat at 240 °C (step 3). After an additional 10 Gy dose (step 7), a 

regenerated TL signal was measured (step 8). Step 9 aimed to measure the TL background.A
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OSL sensitivity (%BOSL1s) was calculated using the first second of light emission (BOSL[step 5; 0-1 

s]) with background subtraction using the last 10 s (BOSL BG[step 5; 90-100 s]) (Figure 2A). The 

%BOSL1s was calculated as the fraction of the BOSL[step 5; 0-1 s] with respect to the integration of 

the whole (0-100 s) OSL decay curve (BOSL[step 5; 0-100 s]) after also subtracting the last 10 s for 

background removal (BOSL BG[step 5; 90-100 s]; Equation 2). The OSL decay curve was deconvoluted 

to isolate the contributions from the fast (BOSLF), medium (BOSLM), and slow (BOSLS) OSL 

components in relation to the total BOSL1s. Deconvolution was performed using the Fit_CWCurve 

function from the R package Luminescence (Kreutzer et al., 2021) based on Equation 1 (Bøtter-

Jensen et al., 2003). The luminescence signal from feldspar was also assessed by the first 1.2 s 

of IRSL decay curve (IRSL[step 4; 0-1.2 s]) and the last 10 s as background (IRSL BG[step 4; 90-100 s]). 

This signal from feldspar is presented as the proportion of IRSL1.2s to BOSL1s (%IRSL1.2s/BOSL1s; 

Equation 3).

Regarding TL signals, both sensitivity and peak positions of the named 110 °C and 325 °C TL 

peaks (e.g., Chen & Li, 2000; Kitis et al., 2010) were analyzed. The sensitivity of the TL 110 °C 

peak (%TL110°C) was estimated by integrating the TL glow curve between 80 and 120 °C (TL[step 8; 

80-120 °C]) minus the background (TL BG[step 9; 80-120 °C]) in relation to the total TL glow curve (TL[step 8; 

0-450 °C]) minus the total background (TL BG[step 9; 0-450 °C]; Equation 4, Figure 2B). Before 

regenerating this TL signal, another 10 Gy dose was given (step 7). The peak positions of the 110 

°C (TL110pos) and 325 °C (TL325pos) TL peaks were estimated from the maximum TL intensity in the 

temperature range encompassing these peaks (steps 8 and 6 in Table 1, respectively). Though 

the samples were collected and prepared under sunlight and artificial illumination conditions, the 

usefulness of the TL325pos is not compromised. Peak position was measured on the residual 

natural signal as it is not reproducible with the dosing and TL stimulations of steps 8 and 9. In 

total, eight luminescence signals were analyzed: %BOSL1s, % of fast OSL component (% 

BOSLF), % of medium OSL component (% BOSLM), % of slow OSL component (% BOSLS), 

%IRSL1.2s/BOSL1s, %TL110°C, TL110pos and TL325pos.

%𝐵𝑂𝑆𝐿1𝑠 =
𝐵𝑂𝑆𝐿[step 5; 0 ― 1 𝑠] ― 𝐵𝑂𝑆𝐿 𝐵𝐺[step 5; 90 ― 100 𝑠]

𝐵𝑂𝑆𝐿[step 5; 0 ― 100 𝑠] ― 𝐵𝑂𝑆𝐿 𝐵𝐺[step 5; 90 ― 100 𝑠]
 𝑥 100 (2)

%𝐼𝑅𝑆𝐿1.2𝑠/𝐵𝑂𝑆𝐿1𝑠 =
𝐼𝑅𝑆𝐿[step 4; 0 ― 1.2 𝑠] ― 𝐼𝑅𝑆𝐿 𝐵𝐺[step 4; 90 ― 100 𝑠]

𝐵𝑂𝑆𝐿[step 5; 0 ― 1 𝑠] ― 𝐵𝑂𝑆𝐿 𝐵𝐺[step 5; 90 ― 100 𝑠]
 𝑥 100 (3)

%𝑇𝐿110°C =
𝑇𝐿[step 8; 80 ― 120 °𝐶] ― 𝑇𝐿 𝐵𝐺[step 9; 80 ― 120 °𝐶]

𝑇𝐿[step 8; 0 ― 450 °𝐶] ― 𝑇𝐿 𝐵𝐺[step9; 0 ― 450 °𝐶]
 𝑥 100 (4)A
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To evaluate the influence of feldspar concentration in relation to quartz in the TL110 °C peak we 

mounted synthetic aliquots of 20 grains with varied concentrations of potassium feldspar to quartz 

and plagioclase to quartz from 0 (100% quartz) to 20 grains of feldspar (0% quartz). The resulting 

TL curves allow to assess the feldspar influence in the varying %TL110°C (Figure S1).

The reproducibility of the luminescence signals was assessed by repeating the protocol from 

Table 1 on 10 aliquots from one sample of each unit. Standard errors relative to the mean (RSE) 

were consistently below 10% for almost all samples and luminescence signals measured (Figure 

S2). The exceptions were the RSE for the %BOSL1s signal from samples BP139 (Piauí 

Formation) and for the medium OSL component contribution for samples BP210a (Pimenteiras 

Formation) and BP139 (Piauí Formation). The %IRSL1.2s/BOSL1s signal yielded the higher RSE, 

with values up to 41% for sample BP174 (Cabeças Formation). On the other extreme, the TL325pos 

has relatively low RSE, with all values below 0.1%.

We also measured the sensitivity of modern sediment samples used by Sawakuchi et al. (2018) 

by applying the protocol from Table 1. Thus, it was possible to compare between the 

luminescence sensitivity of the studied samples and modern riverbed sediments sourced from 

tectonically active (Andes, Amazon River) and stable (Amazon craton, Xingu River) areas (Table 

S1 and Figure S3). The obtained results allow a direct comparison between our results and the 

luminescence sensitivities obtained by Sawakuchi et al. (2018), thus aiding interpretation of basin 

evolution based on modern source-to-sink sedimentary systems.

To assess whether there were statistically significant differences among stratigraphic units, we 

performed analysis of variance (ANOVA). A subsequent T-test comparing pairs of stratigraphic 

units allows us to detect which units contribute most to the differences observed using 

luminescence characteristics. For both statistical tests, we considered p-value < 0.05 as the 

significance level. Only p-values above this threshold will be discussed in further sections. For a 

quick visual evaluation of signal variation among samples, we first plotted the kernel density 

estimations (KDE) for the main signals (%BOSL1s, %TL110°C, TL110pos, TL325pos and 

%IRSL1.2s/BOSL1s). Data analysis was made using the R package “Luminescence” v0.9.11 

(Kreutzer et al., 2012).

5. ResultsA
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Figure 3 shows examples of IRSL and OSL decay curves and TL glow curves for one aliquot from 

each studied stratigraphic unit. Samples with more intense IRSL signals (BP165, BP180, and 

BP64; Figure 3A) produce slow decaying OSL curves (Figure 3B) and TL glow curves with 

shoulders for temperature ranges between 80 to 150 °C (Figure 3D). The TL glow curves 

obtained after step 6 (Table 1) shows similar TL325 peak positions among samples (Figure 3C) 

while the TL peak located at 110 °C is only observed in TL glow curves obtained immediately 

after laboratory irradiation (Figure 3D) due to its inherent instability under room temperature. The 

low sensitivity of the TL325 peak impeded reproducing this TL signal after the 10 Gy dose to 

regenerate the TL110 peak.

Signal variation among samples can be observed from the KDE plot (Figure 4) for each 

stratigraphic unit. The OSL sensitivity values, expressed as %BOSL1s, range between 5% and 

25%, except for the Sambaíba Formation, which %BOSL1s values reach up to 32% (results by 

stratigraphic unit are in Table 2; results by sample are in Table S2 in supplementary materials). 

The %TL110°C presents values from 20% to 80%, with the Pimenteiras and Longá Formations 

showing %TL110°C values concentrated around ~30% and the Sambaíba Formation with values 

around 66%. The TL110pos values for all units are well clustered around 97 ± 4 °C while the TL325pos 

values have significant variation between 310 and 345 °C and their dispersion is sample 

dependent. The %IRSL1.2s/BOSL1s values show great variability among stratigraphic units with 

minimum values of 0% found in the Sambaíba Formation and maximum values of 140-150% in 

the Longá and Poti Formations.

The %BOSL1s values varied between 3 and 40%. An increase in BOSL1s occurs towards younger 

stratigraphic units (p<0.05), especially for the Piauí, Motuca and Sambaíba Formations (Balsas 

Group), with the exception of the Cabeças Formation, which has a higher BOSL1s compared to 

overlying units (Figure 5A, B). The deconvolution of OSL decay curves showed that the 

contribution of the BOSLF (Figure 5C, D) ranges from 20 to 50%, while the BOSLM (Figure 5E, F) 

is consistently uniform among all stratigraphic units, with a contribution of around 20%. The 

BOSLS (Figure 5G, H) inversely follows the BOSLF among stratigraphic units, decreasing its 

contribution from 50% in the older units to less than 30% in the younger units. Therefore, the OSL 

signals from the Serra Grande Group to the Motuca Formation are dominated by the slow OSL 

component, which represent up to 60% of the first second of light emission. For the Sambaíba 

Formation, the fast OSL component dominates the first second of light emission (56%), with the 

slow component contributing with 28%.
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The %IRSL1.2s/BOSL1s shows a great variability between samples (Figure 6A) within stratigraphic 

units. For example, for the Cabeças Formation, %IRSL1.2s/BOSL1s values range between 0.1 

(sample BP202; Table S2) to 108% (sample BP81a). At stratigraphic unit scale, the highest 

%IRSL1.2s/BOSL1s value correspond to the Pimenteiras Formation (64%) whereas the Sambaíba 

Formation yielded the lowest value (6%). The %IRSL1.2s/BOSL1s values decrease with the 

increase in %BOSL1s values, with values rising from the Serra Grande Group to the Pimenteiras, 

Longá and Potí Formations and reduced values are observed in the Sambaíba Formation (Figure 

6A,B). As for the %BOSL1s, the Cabeças Formation also presents an anomalous behavior in 

comparison with the rest of the stratigraphic units of the Canindé Group, with a %IRSL1.2s/BOSL1s 

value of 24%, while the other three formations from the Canindé Group yielded values close to 

60%. In Figure 6C, clusters of samples are defined by the relationship between %BOSL1s and 

%IRSL1.2s/BOSL1s. This is exemplified by samples from the Pimenteiras Formation with low 

%BOSL1s and variable %IRSL1.2s/BOSL1s or samples from the Sambaíba Formation with high 

%BOSL1s and %IRSL1.2s/BOSL1s close to 0.

The %TL110°C shows little variation across stratigraphic units in comparison with the %BOSL1s. 

The TL110 peak shows high sensitivity, with average up to 80% of the total TL glow curve (Figure 

7A, B). The Serra Grande Group, Cabeças, Longá, Potí and Motuca Formations presented 

%TL110°C values with high associated uncertainties (Figure 7) hindering the observation of 

variations across stratigraphy. The Pimenteiras Formation displays the lowest %TL110°C sensitivity 

with values from 20 to 42% while the Sambaíba Formation yielded the highest %TL110°C value 

with the lowest uncertainty (66 ± 7%). Apart from some outliers, the TL110pos (Figure 7C, D) is 

located between 92 and 108 °C for most samples. The TL325pos (Figure 7E, F) varies significantly 

among formations, allowing to distinguish two groups: (i) higher temperature peak position (>330 

°C) represented by the Pimenteiras, Cabeças, Longá and Potí Formations and (ii) lower 

temperature group (<330 °C) comprising the Serra Grande Group and the Piauí, Motuca and 

Sambaíba Formations (Figure 7E, F).

Almost all studied stratigraphic units presented significant differences between pairs of formations 

regarding their luminescence variables according to the ANOVA test results (Table S3 in the 

supplementary material). The exceptions are the %BOSLM component (p = 0.60) and the TL110pos 

value (p = 0.06). Comparisons between pairs of stratigraphic units showed that the Sambaíba 

Formation is mainly responsible for the p values under the significance level (T-test analysis, 

Table S4 in supplementary material). We repeated the ANOVA test excluding the Sambaíba 

Formation to assess whether its higher %BOSF1s was biasing the ANOVA results. Under this A
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condition, the %BOSL1s and the TL325pos variables still yielded statistically significant differences 

for the studied stratigraphic units.

The TL325pos value yielded the highest number of pairs of stratigraphic units with statistically 

significant differences. It is noteworthy that for the TL325pos value, significant differences between 

stratigraphic units appear to be controlled by the position of unconformities (Figure 7F). As such, 

pairs of units from the Serra Grande and the Canindé Groups and pairs of units from the Canindé 

and Balsas Groups showed significant differences between them, while no statistical differences 

were found between pairs of formations within the groups.

6. Discussion

6.1. OSL and TL signals as proxies for discrimination of siliciclastic 
stratigraphic sequences

Luminescence sensitivity, represented by %BOSL1s, %BOSLF and %BOSLS, and 

%IRSL1.2s/BOSL1s of the Parnaíba Basin stratigraphic units yielded statistically significant 

differences. The %BOSL1s and %BOSLF was calculated from OSL decay curve obtained after 

IRSL stimulation attempting to acquire an OSL signal dominated by quartz from polymineral 

aliquots. The %IRSL1.2s/BOSL1s value is probably related to the feldspar content of the sample 

(Duller, 2003). We also observed an inverse relationship between %IRSL1.2s/BOSL1s and 

%BOSL1s values (Pearson’s correlation coefficient of -0.66, Figure 8), suggesting that feldspar 

content could affect %BOSL1s. In this case, the %BOSL1s could not be exclusively related to 

quartz OSL decay, if contribution from feldspar OSL signal is significant. However, measurements 

on pure quartz aliquots extracted from sediments with varied amount of feldspar grains showed 

lower %BOSL1s in sediments with higher %IRSL1.2s/BOSL1s (Sawakuchi et al., 2018). This 

observation indicates a relationship between %BOSL1s, measured both in pure quartz or 

polymineral aliquots, and the mineralogical maturity of sediments, indicated by the feldspar 

content tracked by the %IRSL1.2s/BOSL1s. This relationship would arise from the loss of feldspar 

grains and increase in quartz OSL sensitivity when sediments are progressively exposed to 

weathering in soils and transport in surface systems. Hence, weathering and break-up of grains 

during sediment transport reduce the relative amount of feldspar and promote the OSL 

sensitization of quartz by cycles of burial irradiation and solar exposure (e.g., Pietsch et al., 

2008). The relative contribution of the slow component to the OSL decay curve of quartz 

decreases with cycles of irradiation and illumination (Moska & Murray, 2006; Sawakuchi et al., A
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2011). Thus, the %BOSLS would have inverse behavior during sediment reworking when 

compared to the %BOSLS. As a conclusion, %IRSL1.2s/BOSL1s is a proxy for mineralogical 

maturity of sediments while the %BOSL1s indicates the degree of sediment reworking represented 

by burial irradiation-surface exposure cycles in soils or during sediment transport.

Previous studies demonstrated that the sensitivity of the TL110°C peak and fast OSL component of 

quartz, here indicated by the %BOSL1s, are correlated (Stoneham & Stokes, 1991; Chen & Li, 

2000). However, TL110°C and the %BOSL1s are weakly correlated (Pearson’s correlation 

coefficient of 0.55) in the studied samples. In this study, TL was measured in polymineral 

aliquots. Then, it is possible that the variation in feldspar content in the studied samples may be 

inducing the observed scattering of %TL110°C values due to partial overlapping of quartz and 

feldspar TL peaks in the 110 °C region (Figure S1; Aitken, 1985).

While the TL110 peak position shows a narrow temperature range, located between 95 and 100 

°C, and absence of significant variation among stratigraphic units (p value = 0.06), the TL325 peak 

position shows a significant stratigraphic trend, with intermediate temperature in the Serra 

Grande Group (327 ± 5 °C), followed by a decrease from the Pimenteiras (334 ± 6 °C) to the 

Sambaíba Formations (324 ± 9 °C). Then, the TL325pos can be used for stratigraphic discrimination 

at least at the scale of major stratigraphic boundaries, since the main differences are marked by 

the unconformities separating the Serra Grande, Canindé and Balsas Groups (Figure 7F). The 

stratigraphic variation of TL325 peak position appears similar to that observed for the 

%IRSL1.2s/BOSL1s and %BOSL1s values, which respectively indicate feldspar content and the 

sensitivity of fast OSL component of quartz. The TL peaks of quartz and feldspar overlap in the 

300-350 °C region when the emission is recorded in the UV (Aitken, 1985). Thus, the TL325pos 

values would be influenced by feldspar content, similarly to the %IRSL1.2s/BOSL1s values, where 

sediments with lower feldspar concentration have lower temperature of the TL325pos. However, the 

TL325pos is more precise (lower RSE, Figure S2) discriminating between studied stratigraphic units 

in comparison with the %IRSL1.2s/BOSL1s. Thus, both %IRSL1.2s/BOSL1s and TL325pos would inform 

the feldspar content in the studied stratigraphic units. Based on this assumption, both signals 

show feldspar content decreasing progressively from the Pimenteiras Formation towards younger 

units. It is worth noting that feldspar content may be underestimated because the studied 

samples were collected in outcrops. Recent weathering or dissolution during diagenesis could 

influence the feldspar content, so the %IRSL1.2s/BOSL1s values should be interpreted with caution 

in terms of the surface conditions during sediment deposition. In any case, the TL325pos value 

seems to provide valuable provenance information since it follows the inverse pattern of the 

%BOSL1s and allows to discriminate between stratigraphic groups. Finally, the TL325pos value is A
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produced by a natural signal that remained even after preparing the samples in daylight and 

artificial light conditions, meaning that this signal could be obtained without requiring signal 

regeneration by a laboratory radiation source.

The studied stratigraphic units yield varied luminescence behavior as demonstrated by OSL, 

IRSL and TL sensitivities, OSL fast component contribution and position of the TL325 peak. Such 

patterns of luminescence variation across stratigraphic units can be related to the mineralogical 

composition (namely relative content of feldspar) of sandstones, or to intrinsic luminescence 

characteristics of their quartz grains. Though the details of physical processes leading to these 

variations in luminescence properties are beyond of the scope of this investigation, the %BOSL1s 

or TL325pos values could be explored to discriminate siliciclastic stratigraphic units.

6.2. Sediment source areas and recycling during basin filling

Though crystallization conditions drive the primary OSL sensitivity of quartz in igneous and 

metamorphic source rocks (Sawakuchi et al., 2011; Guralnik et al., 2015), the sensitization of 

quartz sediment grains during soil storage or sediment transport (Pietsch et al., 2008) surpasses 

the primary OSL sensitivity in several orders of magnitude (Sawakuchi et al., 2011; Mineli et al., 

2021). Besides the sensitization by illumination-irradiation cycles, the OSL sensitivity increases 

significantly when quartz is submitted to heating. However, the sensitization by heating is only 

significant under temperatures above 500 °C (Bøtter-Jensen et al., 1995), which is beyond the 

burial temperatures reached in sedimentary basins, including basins that experienced magmatic 

events, such as the Parnaíba Basin, because the thermal effect of emplaced magmatic bodies is 

spatially limited at basin scale (Da Silva et al., 2020). On the other hand, high radiation doses (> 

800 kGy) absorbed by quartz grains during long term burial can hypothetically lead to 

luminescence desensitization as observed by laboratory experiments (Sawakuchi & Okuno, 2004; 

Autzen et al., 2018). However, the %BOSL1s values of the studied samples are close to sensitivity 

values from modern sediment samples (Sawakuchi et al., 2018), suggesting that any 

desensitization during the long-term burial of the Parnaíba Basin sandstones is minor or absent. 

Therefore, the luminescence sensitivity of quartz grains from the studied stratigraphic units 

should mirror their sedimentary history, starting with the weathering and erosion of igneous or 

metamorphic source rocks and ending with final deposition cycle for burial in the Parnaíba Basin.

Previous provenance analysis based on detrital zircon geochronology and heavy mineral 

analyses point to the Araguaia Fold Belt at the west, the Tocantins Province at the south, and the A
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Borborema Province at the east as primary sediment sources of the Parnaíba Basin (Hollanda et 

al., 2018). Paleocurrents indicate a SW-NE transport trend at least for the Serra Grande Group 

and lower Canindé Group (Menzies et al., 2018), suggesting that the Araguaia Fold Belt would be 

the main sediment feeder during that time. However, the continuous presence of Neo-

Mesoproterozoic ages from detrital zircons throughout the entire Parnaíba Basin stratigraphic 

sequence indicates that the Borborema Province was uplifted and eroded during the entire basin 

filling period (Hollanda et al., 2014). Detrital zircon geochronology and heavy mineral analysis 

point to a continuity of source areas with similar lithologies during the basin filling period, but the 

roundness of the studied zircons (Figure S4) increases for the Balsas Group in comparison with 

the Serra Grande and Canindé Groups. Thus, changes in source lithologies would play a minor 

role for the variation in luminescence characteristics during the Parnaíba Basin filling.

Organic and inorganic geochemical data of fine-grained rocks from the Serra Grande Group 

(Silurian) to the Motuca Formation (Late Permian) point that climate conditions changed from 

humid to arid in the western margin of the basin, while the eastern margin changed from arid to 

humid (Jaju et al., 2018). These opposite climate patterns could imply different conditions for 

source rock denudation and sediment transport across the basin, possibly leading to different 

luminescence characteristics of sedimentary units of the eastern and western margins of the 

Parnaíba Basin. However, the luminescence properties of units sampled in the western and 

eastern margins of the basin are similar (Figure S5), with major variations marked by regional 

unconformities separating the Serra Grande Group and the Pimenteiras Formation and the Poti 

and Piauí Formations. The most notable changes in %BOSL1s and TL325pos values (Figure 5B, 7B, 

supplementary material) coincides with regional erosive surfaces and climatic changes during the 

Early Devonian and Middle Carboniferous (Jaju et al., 2018). Hence, variation in luminescence 

characteristics would record temporal variations in sediment sourcing and transport in the 

Parnaíba Basin, being unsuitable to record climate gradients across the basin. The similarity of 

luminescence characteristics of sandy sediments accumulated in the eastern and western 

margins of the basin could also be related to the dominance of a specific source and decoupling 

between sources of fine-grained sediments (silt and clay) and sands. This occurs for example in 

the Amazon River basin, where the fine-grained sediments are mostly supplied by specific areas 

of the Andes orogen (Höppner et al., 2018) while sands, especially quartz grains, have a 

relatively higher contribution from cratonic sources (Sawakuchi et al., 2018).

The OSL sensitivities obtained for the studied samples of the Parnaíba Basin are consistent with 

the sensitivity range reported for modern sediments of the Amazon basin (Table 2), where higher 

(lower) OSL sensitivity sediments are derived from areas with lower (higher) denudation rates A
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(Sawakuchi et al., 2018). Thus, continental-scale watersheds such as the Amazon River basin 

serve as analogue model on how luminescence properties of quartz and feldspar sand grains are 

tracking the sediment supply from source areas with contrasting climate and relief configuration. 

The inverse relationship between OSL sensitivity and denudation rate observed in the Amazon 

River basin is attributed to source area lithologies, relief, and climate, which define sediment 

production rate, soil storage time, and erosion rate. High denudation rates (>70 m/Ma) are typical 

from the Andes Cordillera, an orogen feeding relatively young sediments to the Amazon River 

system mainly from erosion of Cenozoic igneous and metamorphic rocks, which supply 

sediments characterized by low (<10) %BOSL1s values (Sawakuchi et al., 2018).

In contrast, the cratonic areas eastward of Andes are characterized by relatively low denudation 

rates (<30 m/Ma) and provide sediments derived from an assemblage of Pre-Cambrian 

metamorphic and igneous rocks and Paleozoic to Cenozoic sedimentary rocks, yielding %BOSL1s 

values over 30 and up to 70 % (Sawakuchi et al., 2018). Lower denudation rates of cratonic areas 

imply longer residence time of sediments in surface systems, favoring the reduction of feldspar 

content by weathering and the OSL sensitization of quartz by burial and solar exposure cycles. 

Following the same rationale, the range of %BOSL1s values found in the Parnaíba Basin 

sediments (Figure 5) would point to source areas with varied denudation rates, but with the 

dominance of source areas of high denudation rates typical of orogenic mountain ranges at least 

up to the Potí Formation deposition.

The %BOSL1s values from the Piauí, Motuca and Sambaíba Formations (> 10) suggest source 

areas with lower denudation rates such as a cratonic source or mixture of cratonic and orogenic 

sources (Sawakuchi et al., 2018). The eolian nature of the Sambaíba Formation might have had 

an additional effect on the OSL sensitivity, assuming that eolian systems with large dune fields 

usually have sediments supplied by fluvial or coastal systems, then, favoring a higher number of 

solar exposure-burial-exposure cycles and increased OSL sensitization (Pietsch et al., 2008) 

before final deposition. Indeed, samples BP121a-h, all collected from a sandstone package within 

the Sambaíba Formation, show an increase in the %BOSL1s values from older to younger 

sediment layers (Figure S6) that would record the increase in sediment recycling within the 

depositional system. Hence, the luminescence signals could also be used to track sediment 

recycling within specific sedimentary units, besides major landscape changes in sediment source 

areas. Despite depositional system types can contribute to quartz sensitization and changes in 

mineralogical composition of sands, the major changes in %BOSL1s, %IRSL1.2s/BOSL1s and 

TL325pos values coincides with the occurrence of regional erosional unconformities between the 

Serra Grande and Canindé Groups and between Canindé and Balsas Groups (Figure 5, 6, 7).A
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The outliers observed for some luminescence properties of samples from the Cabeças Formation 

(Figure 5) could be attributed to its varied depositional environments, with proximal (glacial and 

fluvial) to distal (deltaic and shallow marine) depositional systems (Figure 1B; Ponciano & Fávera, 

2009). These diverse sedimentary environments could include proximal to distal sediment source 

areas with different denudations rates, thus explaining the large scattering of the luminescence 

properties of sands from this stratigraphic unit.

We can estimate the relative contribution of high denudation rate and low denudation rate 

sources to the Parnaíba Basin sediments considering the %BOSL1s from sands transported by 

modern rivers draining orogenic and cratonic regions. Thus, we used the %BOSL1s measured in 

selected sediment samples of the Amazon and Xingu Rivers (Table 2 and Table S1) respectively 

representing end members of high denudation rate (Andes orogen) and low denudation rate 

(Amazon craton) sources (Wittmann et al., 2010). It is important to note that orogenic and 

cratonic sources are differentiated based on their contrasting denudation rates imprinted by 

%BOSL1s of sediments (Sawakuchi et al., 2018). This allows the use of %BOSL1s values to 

decouple contributions of orogenic and cratonic sources for a given sediment mixture. Under this 

approach, the estimated contribution of sediments from orogenic (cratonic) sources varies from 

86% (14%) in the Serra Grande Group to 65% (35%) in the Sambaíba Formation (Figure 9). 

When compared with the Parnaíba Basin subsidence rates (Tozer et al., 2017), a decreasing 

subsidence rate seems to be related to an increase in sediment sources with lower denudation 

rate. In fact, Tozer et al. (2017) estimated through backstripping analysis that ~70% of the total 

subsidence occurred between the deposition of the Serra Grande Group (Early Silurian) and the 

Cabeças Formation (Late Devonian), while the remaining 30% of subsidence was accomplished 

between the Cabeças Formation (Late Devonian) and the Sambaíba Formation deposition (Late 

Triassic). This change in subsidence rate coincides with an increasing trend of the %BOSL1s 

values and a decreasing trend of the TL325pos values (Figure 9), especially during the deposition of 

the Balsas Group.

During the sedimentation of the Serra Grande and Canindé Groups, the basin maintained the 

same depositional axes and depocenter (e.g., Mesner & Wooldridge, 1964; Cunha, 1986; Góes 

et al., 1990). These axes overlapped the Transbrasiliano (NE-SW trend) and Picos-Santa Inês 

Lineaments (NW-SE trend coinciding with the Gurupi Belt) (Cunha, 1986). After the depositional 

cycle of the Canindé Group, the development of a regional unconformity eroded upper deposits of 

the Potí Formation. This unconformity is characterized by a 20 Ma depositional gap between the 

Mississippian and Pennsylvanian successions, which has been attributed to the Eohercynian 

Orogeny (Góes & Feijó, 1994, Vaz et al., 2007). With the return of sediment accumulation A
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conditions, the basin configuration changed, with the closure of the connection with the eastward 

Amazonas Basin and the progressive migration of the depocenters to the west. Concurrently, 

depositional environments became increasingly continental in a warm and arid climate (Abrantes 

et al., 2019). The dry climax was the Sambaíba Desert recorded by the homonymous formation. 

This subsidence history punctuated by erosive phases points out that previously deposited units 

became cratonic sediment source areas and increased sedimentary recycling during basin filling. 

This would lead to the pattern of higher %BOSL1s, but lower feldspar content (%IRSL1.2s/BOSL1s) 

recorded by the younger stratigraphic units.

The progressive increase in %BOSL1s values (Figure 5B) supports increasing contribution of 

sediments from sources with lower denudation rate, analogous to modern cratonic settings, as 

well as higher sediment recycling during basin filling. The higher variability of %IRSL1.2s/BOSL1s 

(Figure S2 and Figure 6) hinders the differentiation between stratigraphic units, but average 

%IRSL1.2s/BOSL1s values suggest a decreasing feldspar content from older to younger 

stratigraphic units. The reduction in feldspar content matches with the decreasing contribution of 

high denudation rate source areas and long-term sediment recycling from the Serra Grande 

Group to the Sambaíba Formation. The decreasing contribution of sediments from high 

denudation sources suggested by the OSL sensitization of quartz and dropping feldspar content 

from the Longá Formation (Late Devonian) to the Sambaíba (Early Triassic) Formation could be 

related to long-term changes in weathering conditions over continents. Besides climate and relief, 

chemical weathering and soil stability are highly dependent of the vegetation cover. In this case, 

the colonization of continents by plants and further periods with expanded forests influenced 

weathering and sediment storage in source areas and continental depositional systems, creating 

conditions for longer residence of mineral grains in soils and surface sedimentary deposits. The 

Early Paleozoic units of the Parnaíba Basin, such as the Serra Grande Group, record pre-

vegetation fluvial systems dominated by unstable bedload channels with faster sediment 

transport from sources to depositional sinks (Janikian et al., 2020). Appearance of vascular plants 

during the Devonian and latter diversification during the Pennsylvanian (Gibling & Davies, 2012, 

and references therein) might have contributed to the impact on the weathering conditions and 

denudation rates of sediment source areas of the Parnaíba Basin during the Paleozoic. The use 

of %BOSL1s as proxy for long-term denudation rates in continents brings the possibility to explore 

interactions between sediment production, climate, and plant evolution.

7. ConclusionsA
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The methodological approach presented here, until now performed only on Quaternary 

sediments, introduces a new way of analyzing provenance of ancient sandstone formations 

based on luminescence signals of ubiquitous minerals and confirms its suitability for 

discriminating this type of rocks. Some additional advantages of this novel approach include 

minimized sample preparation, quick measurements (48 aliquots took approximately 12 hours), 

and low amount of sample needed (each aliquot contains approximately 8 mg of sample).

Luminescence signals from polymineral sand aliquots have great potential to discriminate major 

stratigraphic unconformities, especially the %BOSL1s or the relative proportion of fast (%BOSLF) 

and slow (%BOSLS) OSL components of quartz. The TL325pos measured from a natural TL signal 

and the %IRSL1.2s/BOSL1s are additional stratigraphic markers. However, both luminescence 

characteristics may be related to the feldspar content, which can be influenced by an increased 

sedimentary recycling for younger units and by post-depositional diagenetic and late weathering 

processes biasing a primary (syn-depositional) stratigraphic signature.

Luminescence properties of quartz and feldspar sand grains are related to denudation rates in 

source areas and sediment recycling, allowing to track long term landscape changes affecting the 

conditions of sediment supply for basin filling. Stratigraphic units with more heterogeneous OSL 

and TL sensitivity values point to larger sediment catchment areas. The variation in %BOSL1s 

values through stratigraphic units of the Parnaíba Basin suggests a decreasing contribution of 

sediments from high denudation rate source areas combined with an increasing sediment 

recycling from Late Devonian to Early Triassic. Using modern sediments as analogues of high 

denudation (orogenic) and low denudation (cratonic) sources, we interpret decreasing 

contribution of orogenic sources from the Serra Grande and Canindé Groups to the Balsas Group 

deposition. The increase in %BOSL1s from the Late Devonian (Longá Formation) to the Early 

Triassic (Sambaíba Formation) could be related long-term changes in sediment production and 

recycling resulted from shifts in relief, weathering, and storage of sediments in continents due to 

plant evolution since the Devonian.
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Tables

Table 1. Sequence of procedures used in luminescence measurements. Heating rate is 5 °C/s in 

all cases.

Step Procedure Observations

1 Blue LEDs stimulation at 125 °C for 100 s

2 Dose, 10 Gy

3 Preheat at 240 °C for 40 s

4 Infrared LEDs stimulation at 60 °C for 100 s %IRSL1.2s/BOSL1s

5 Blue LEDs stimulation at 125 °C for 100 s %BOSL1s, % BOSLF, % BOSLM, % BOSLS

6 TL measurement up to 450 °C TL325pos (°C)

7 Dose, 10 Gy

8 TL measurement up to 450 °C %TL110°C

TL110pos (°C)

9 TL measurement up to 450 °C TL background (°C)

Stratigraphic unit %BOSL1s % BOSLF % BOSLM % BOSLS %IRSL1.2s/BOSL1s %TL110°C TL110pos TL325pos

Serra Grande
N = 13, n = 52

9.2 ± 4.9 30.4 ± 13.8 19.0 ± 5.9 50.6 ± 12.9 45.9 ± 43.8 50.7 ± 17.3 95.5 ± 1.2 326.0 ± 4.7

Pimenteiras
N = 9, n = 36

6.1 ± 3.8 20.1 ± 15.1 19.8 ± 2.9 60.0 ± 13.6 63.5 ± 38.8 29.6 ± 5.7 97.9 ± 2.5 333.7 ± 5.8

Cabeças
N = 15, n = 60

18.4 ± 15.9 40.7 ± 18.8 18.6 ± 5.2 40.6 ± 18.0 23.6 ± 35.5 47.5 ± 21.2 97.8 ± 6.6 333.0 ± 4.6

Longá
N = 9, n = 36

7.0 ± 5.3 28.2 ± 19.8 22.2 ± 7.9 47.0 ± 19.0 60.7 ± 46.9 36.3 ± 19.4 100.6 ± 6.5 334.3 ± 5.5

Potí
N = 14, n = 56

8.2 ± 4.8 25.2 ± 13.6 19.4 ± 4.0 55.4 ± 11.6 61.1 ± 47.2 45.5 ± 21.2 96.3 ± 1.1 332.6 ± 6.3

Piauí
N = 9, n = 36

11.7 ± 7.4 34.0 ± 16.8 19.7 ± 2.7 46.3 ± 17.3 47.4 ± 48.6 37.0 ± 10.2 95.1 ± 1.9 328.4 ± 3.7

Motuca
N = 5, n = 20

13.8 ± 14.7 37.0 ± 16.8 18.2 ± 1.9 44.7 ± 16.0 41.1 ± 40.0 42.0 ± 17.5 98.8 ± 6.6 328.0 ± 4.3

Sambaíba
N = 8, n = 32

23.5 ± 7.1 56.5 ± 8.7 15.8 ± 4.6 27.7 ± 10.0 6.2 ± 4.4 65.8 ± 7.1 95.2 ± 0.9 323.7 ± 8.7

Amazon River
N = 2, n = 8

5.4 ± 3.0 23.1 ± 15.6 29.4 ± 29.1 54.3 ± 18.1 267.2 ± 135.2 25.4 ± 6.5 104.6 ± 5.1 352.6 ± 17.6

Xingu River
N = 2, n = 8

71.8 ± 3.0 60.8 ± 16.9 37.6 ± 17.0 1.6 ± 0.4 0.6 ± 1.2 76.7 ± 6.4 108.0 ± 3.7 346.5 ± 9.2A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

Table 2. Summary of luminescence results for each stratigraphic unit. Errors correspond to one 

standard deviation. Results from individual samples are presented in Table S1 and S2 in the 

supplementary material. Detailed measurement results and location of modern samples can be 

found in Figure S3.

N is the number of samples; n is the number of aliquots.
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Figures

Figure 1. A) Geological map of the Parnaíba Basin (Angelim et al. 2004; Vasconcelos et al. 2004) 

showing the location of the studied samples. B) Simplified stratigraphic column representing the 

studied lithostratigraphic units and their interpreted depositional systems. Modified from Vaz et al. 

(2007) and Jaju et al. (2018). C) Density plots of detrital zircon U/Pb ages from Hollanda et al. 

(2014).

Figure 2. A) Example of a deconvoluted OSL signal of an aliquot from sample BP133 of the 

Longá Formation. Red dashed lines show the integration interval of the signal. Blue dashed lines 

show the integrated interval used to calculate background. B) Example of luminescence variables 

extracted from a TL curve of the same aliquot. Red dashed lines show the temperature interval 

(80-120 °C) integrated for calculating the %TL110°C value and the blue dashed line marks the 

maximum TL intensity used also to estimate the temperature peak position (TL110pos).

Figure 3. Variation in the shape of IRSL (A), OSL (B), natural TL (C) and regenerated TL (D) 

curves among the studied stratigraphic units (corresponding samples indicated in label of panel 

A). IRSL, OSL, natural TL and regenerated TL curves were obtained respectively after steps 4, 5, 

6 and 8 from the protocol described in Table 1. 

Figure 4. Kernel density estimation plots summarizing the distributions of the main luminescence 

variables analyzed in this study. Horizontal black dashed lines mark the position of the regional 

unconformities. Where possible, grey boxes illustrate the position of clustered density peaks. 

Chronostratigraphic chart based on Vaz et al. (2007).

Figure 5. A) Boxplots of %BOSL1s values including all samples organized by approximate age of 

each stratigraphic unit. B) Mean %BOSL1s and standard error of each stratigraphic unit. 

Contribution of the % BOSLF (C, D), % BOSLM (E, F) and % BOSLS (G, H) for the initial second of 

light emission. Dashed gray lines indicate the position of the regional unconformities. In the 

boxplots, the dot and horizontal line inside the box respectively indicate the mean and the 

median. The upper and lower limits of the box indicate the first and third quartiles, respectively, 

while the upper and lower whiskers represent the 95th and the 5th percentiles, respectively. Dots 

beyond the whiskers represent outliers.

Figure 6. A) Boxplot of the %IRSL1.2s/BOSL1s values for each stratigraphic unit. B) Mean 

%IRSL1.2s/BOSL1s values and their corresponding standard errors for each stratigraphic unit. 

Dashed gray lines indicate the position of the regional unconformities. C) Crossplot of BOSL1s 

and %IRSL1.2s/BOSL1s values. The dashed ellipses delimit samples from the Sambaíba (brown) A
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and Pimenteiras (red) Formations. In the boxplots, the dot and horizontal line inside the box 

respectively indicate the mean and the median. The upper and lower limits of the box indicate the 

first and third quartiles, respectively, while the upper and lower whiskers represent the 95th and 

the 5th percentiles, respectively. Dots beyond the whiskers represent outliers.

Figure 7. Variation of %TL110°C (A and B), TL110pos (C and D) and TL325pos (E and F) in the studied 

stratigraphic units. Data are represented by boxplots and means with their corresponding 

standard errors. Dashed gray lines indicate the position of the regional unconformities. In the 

boxplots, the dot and horizontal line inside the box respectively indicate the mean and the 

median. The upper and lower limits of the box indicate the first and third quartiles, respectively, 

while the upper and lower whiskers represent the 95th and the 5th percentiles, respectively. Dots 

beyond the whiskers represent outliers.

Figure 8. Correlation plot for all analyzed luminescence signals. Values inside circles represent 

the R2.

Figure 9. Relative contribution of high denudation rate sources (orange) and low denudation rate 

sources (blue) to the Parnaíba Basin sediments. Gray dashed lines represent the regional 

unconformities. The high denudation rate and low denudation rate end members sources are 

based on comparison to modern sediments of the Amazon River system derived from the Andes 

orogen and from Amazon craton in Brazil (Figure S3; Sawakuchi et al., 2018). Subsidence rates 

(Tozer et al., 2017) and major unconformities are shown for comparison. 
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